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Preface

There is much which universities can do, to make their campuses more sustainable,
either with or without an institutional policy behind it. Starting from measures to
reduce use energy more efficiently and reduce energy consumption, and going into
waste prevention and management, the range of action possible may also include
sustainable transportation and other measures to benefit the environment and reduce
the footprint of campuses.

Much can be gained if one can demonstrate how campus sustainability may be
put into practice. With this need in mind, the book Sustainability on University
Campuses: Learning, Skills Building and Best Practice showcases examples of
campus-based research and teaching projects, regenerative campus design, waste
prevention, and resilient transport, among others. It demonstrates the role of
campuses as platforms for transformative social learning and research, and explores
the means via which university campuses can be made more sustainable.

The aims of this book are as follows:

i. to present a variety of works on campus greening and sustainable campus
development;

ii. to offer a platform for the dissemination of ideas and experiences acquired in
the execution of research, teaching and projects on campus greening and
design, especially successful initiatives and good practice;

iii. to introduce methodological approaches and projects which aim to integrate
the topic of sustainable development in campus design and operations;

Last but not least, a further aim of the book is to document and disseminate the
wealth of experiences available today.

We hope the experiences gathered on this book will serve as inspiration to many
universities, and may encourage those not yet engaged, to start new projects and
other initiatives in this central area of university life.

Hamburg, Germany Walter Leal Filho
Florence, Italy Ugo Bardi
Summer 2019
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Institutional Practices and Frameworks



Engaging Students and Campus
Community in Sustainability Activities
in a Major Canadian University

Tatiana Teslenko

Abstract Higher education institutions (HEI) have the potential to engage local
and global communities in transformative learning for sustainable principles and
practices. However, transforming a university campus into a model of sustainable
development and best practice is a challenging task. It is only possible by engag-
ing students, faculty, staff, and the campus community, as well as local and global
partners. During the last decade Canadian universities have ramped up their efforts
in order to support community engagement and partnerships. They aim to connect
their research and innovation capacity with the policy and implementation chal-
lenges of partner organizations. The University of British Columbia (UBC) has
actively pursued sustainability goals and targets for over twenty years. By estab-
lishing the University Sustainability Initiative (USI), UBC went a step further than
other Canadian universities. The paper presents an overview of the evolution of
the university’s sustainability strategy and focuses on sustainability-related develop-
mentswithin the last decade. It discusses five on-campus and off-campus engagement
programs that contribute to UBC’s sustainability goals: the SEEDS program, Sus-
tainability Ambassadors, “UBC Reads Sustainability”, Student Sustainability Coun-
cil, and Sustainability-in-Residence, the Greenest City Scholars at the Point Grey
campus in Vancouver, Canada. These programs exemplify joint efforts for promot-
ing sustainable behaviors and practices that contribute to a net-positive campus and
promote human and ecological wellbeing. Developments and findings discussed in
the paper could be of value for many HEI interested in successful ways to engage
students, staff, faculty, and the broader community in the practice of sustainability.

Keywords Education · Community engagement · Transformative learning ·
University · Living lab · Agent of change · Sustainability · Partnership · Action
research
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1 Introduction

It is common knowledge that the world’s future will be shaped by today’s educa-
tional experiences of our students. For this reason, higher education institutions (HEI)
have an important function as agents of social transformation and change. In order to
address today’s most pressing challenges on a global level, HEI should develop con-
temporary problem-driven and solution-oriented curricula (Robinson 2008; Sarewitz
and Kriebel 2010).

Along with the potential for transformational action, HEI are in a position to
address various dimensions of sustainability anddevelop integratedknowledge (Wiek
et al. 2011). Nurturing world-leading research, supporting innovative pedagogy, and
mobilizing partners and resources are important vehicles for enacting positive change
and promoting sustainability (Cortese 2003).

This paper first presents its theoretical framework, methodology, socio-
ethnographic context and research questions. It then considers key ESD develop-
ments within the last decade at the University of British Columbia in Canada (UBC),
a global centre in research and innovation.

Further discussion highlights sustainability-related pedagogical innovations and
advances in research, student and community engagement. Three topics are exam-
ined: establishing partnerships on the university campus and beyond, transforming
the campus into a living lab, and positioning the university as an agent of change. The
effect of these innovations and advances on building a sustainable work-live-learn
campus is examined.

An important contribution of this study lies in the consideration of the socio-
ethnographic context and collaborationwith the local aboriginal community.Another
contribution lies in demonstrating howa“whole university” approachhas been imple-
mented on a large multicultural campus, and how positive change has been advanced
in an integrated and holistic way. A third contribution is the examination of recent
community engagement strategies related to human and environmental wellbeing.
The paper discusses several examples of sustainability-related programs dedicated to
the engagement of students and the community. These programs enable the univer-
sity to enhance global and local partnerships and offer every student the opportunity
for transformative learning, inspirational research, and rewarding student life.

2 Theory and Methodology

The theoretical framework for the study comprises transformative learning theory
(TLT), emancipatory action research (EAR), and case-study approach. Transfor-
mative learning can be defined as “the capacity to change existing patterns and
world-views, to construct new knowledge collectively, to challenge and improve
practice, and to critique and examine sustainability issues” (Sterling 2004). Dis-
cussing the theoretical basis for the learning process, Mezirow’s TLT emphasizes
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critical reflection, dialogue and holistic learning (Mezirow 2009). In particular, TLT
distinguishes between three types of reflection: content reflection, process reflec-
tion, and premise reflection. Learning takes place within the social and emotional
contexts of each student’s life through analysis, exploration of contrasting theories,
and critical reflection. Therefore, examination of this context is essential for devel-
oping sustainability-related curricula and involving students in sustainability-related
research, pedagogical innovation, and community engagement initiatives (Coops
et al. 2015; Reilly and Teslenko 2015).

Transformative learning is thought-provoking because it challenges wide-spread
beliefs and leads to a whole reconstruction of meaning (Sterling 2013). A shift from
conformative (or even reformative) learning to transformative learning constitutes
a shift to higher order learning. During this shift, multiple changes happen at a
fast pace, questioning traditional methodologies and promoting capacity building
and empowerment (Disterheft et al. 2015). As pointed by Howlett et al. (2016),
transformation should occur among academics in the first place. Changes of view-
points empower them to transcend disciplinary boundaries and integrate academic
researchwith non-academic expertise and systems of knowledge. As the saying goes,
“knowledge is power”, and the power of transformative learning is evident when
students and faculty critically assess and challenge their world view, assumptions
and beliefs (Howlett et al. 2016).

The value of integrating TLT with ESD has been widely discussed in literature
(Ryan and Cotton 2013) as a way to engage the faculty, staff, students and campus
community.When this happens, a university changes from a knowledge-transfer cen-
tre to a “place of mind”, i.e., a site for rigorous reflection, critical thinking and trans-
formational learning. The combination of whole curriculum reform and individual
specialized courses supports ESD integration in HEI because interpretive flexibility
and openness for variations offer a substantial opportunity for pedagogical innova-
tion. According to Leal Filho et al. (2015, 2018), about 600 universities around the
world have adopted the new vision of ESD integration in HEI. In Canada, many
public sector education (PSE) institutions require that their students should be famil-
iar with the concept of sustainability (Teslenko 2012; Vaughter et al. 2016). Of 220
accredited HEI, 110 (that is, 50%) have sustainability policies in place (Beveridge
et al. 2015). Traditionally, these policies have a Brundtland (i.e. intergenerational)
and/or three-pillar (e.g. economic, environmental and social) orientation to sustain-
ability (Vaughter et al. 2016).However, recent research identified the need to integrate
non-traditional aspects of sustainability in the public discourse in order for HEI to
act as a catalyst for economic and social transformation (Leal Filho et al. 2018).
These aspects are related to human, societal, and environmental wellbeing; they
include ethics, aesthetics and culture, as well as non-material values, e.g., mutual
help, solidarity, and compassion. For example, Burford et al. (2013) have identi-
fied several cultural aspects: aesthetic, political-institutional and religious-spiritual
(e.g., intercultural fluency, diversity and equality). These new aspects contribute to a
fourth pillar that will expand the scope of the traditional three-pillar approach. Some
Canadian HEI, including UBC, now include this fourth pillar in their sustainability
policies.
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The dimensions of this fourth pillar can be explored through action research,
an important participatory approach that is useful in projects involving community
and industry partners. Action research illuminates the impact of transformational
learning on students’ understanding of core competencies and skills (Reilly and
Teslenko 2015). It can contribute to the transformation of professional practice, gen-
erate new knowledge and lead to pedagogical transformation (Cohen et al. 2000;
Cebrián et al. 2012; Somekh 2006). Action research and interdisciplinary collab-
oration have unique transformational properties; they can address complex, multi-
stakeholder problems with high social and environmental relevance. Action research
promotes emancipatory rather than technical change, so it is can help faculty and staff
to embed ESD in the curriculum (Reilly and Teslenko 2015). It can be undertaken
by a group of instructors working at the same university, researchers within the same
institution, students and advisers (Cebrián et al. 2012; Somekh 2006). Therefore,
emancipatory action research (EAR) was chosen for this study due to its potential to
engage participants in a learn-by-doing process accompanied by critical reflection,
clarification of essential values, and exploration of contrasting viewpoints (Cohen
et al. 2000; Somekh 2006). Both TLT and EAR can be combined with observation,
interviewing, and pedagogical reflection (Teslenko 2012) and are integral to devel-
oping a flexible learner-centered approach for student and community engagement.
This flexible approach incorporates self-reflection on the transformative potential of
universities and the role of faculty, staff and students as agents of change. As noted
in literature, self-reflection of this type is necessary for integrating ESD in higher
education and for societal transformation in the 21st century.

Another important methodological approach used in this study is the case study
approach. As noted by Leal Filho et al. (2018), this approach offers the possibil-
ity to study all participants and documents which either empower or prevent HEI
from moving forward towards ESD. There are four basic constituents of a case: the
problem, the context, the audience, and constraints; all of them are considered in
our study of student and community engagement in sustainability-related activities
at UBC. Data about students’ and community engagement were collected through
literature and document review, observations, program participant evaluation sur-
veys, and analysis of institutional and program resources. This analysis focused on
the university’s initiatives, achievements, strategic documents and reports for the last
decade (2008–2018).

3 Research Questions Related to Student and Community
Engagement

Solving the challenges of sustainability requires collaboration between local and
global partners at a large scale. Discussing the foundations of “sustainable universi-
ty”, Sterling and Maxey (2013) conclude that the relationship between higher edu-
cation and the external community “needs to change for the benefit of both entities;
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that there needs to be a much better congruence between these two realities” (p. 304).
For this change to occur, universities must actively seek partnerships as opportunities
to enact positive and sustainable change. Indeed, partnerships between universities,
government and industry are a popular element of international and national decla-
rations about ESD (Wright 2004). A partnership is an important mechanism through
which organizations and businesses can address complex sustainability challenges
and minimize economic, environmental and social impacts (Haanaes et al. 2012). In
fact, it has been argued that universities have an obligation to form such community
partnerships (Cortese 2003). In their analysis of 70 university partnerships in Europe,
Asia andNorthAmerica for advancing sustainability, Trencher et al., (2014) note that
most of such relationships occur at the town/city level, with the local/neighborhood
scale the next most frequent. Partnerships between universities and communities take
many forms, including “internships, academic service projects, applied research,
organization and community capacity building” (Clifford and Petrescu 2012, p. 78).
Such partnerships can advance sustainability goals for both organizations (Bilodeau
et al. 2014).

Importantly, in 2015 the Association of Universities and Colleges of Canada
included partnerships, excellence and collaboration among key commitments of PSE
institutions to address societal needs:

1. To equip all students with the skills and knowledge they need to flourish in work and life,
empowering them to contribute to Canada’s economic, social and intellectual success.

2. To pursue excellence in all aspects of learning, discovery and community engagement.

3. To deliver a broad range of enriched learning experiences.

4. To put [our] best minds to the most pressing problems — whether global, national,
regional or local.

5. To help build a stronger Canada through collaboration and partnerships with the private
sector, communities, government and other educational institutions inCanada and around
the world (Universities Canada 2015).

The University of British Columbia is one of three top Canadian universities, and
it is consistently ranked among the 40 best universities in the world (UBC 2018c).
It has two campuses: the Point Grey campus and the Okanagan campus. This paper
discusses sustainability initiatives at the Point Grey campus which is situated in a
2.4-million city of Vancouver in Canada. The university consistently builds connec-
tions across both campuses and creates synergies with local and global partners. One
of these partners is the municipal administration of the City of Vancouver. In July
2011 the City of Vancouver has set an aspirational goal to become the greenest city
on the planet by 2020 (City of Vancouver 2018). The Greenest City 2020 Action Plan
(GCAP) prepares Vancouver for the potential impact of climate change, while build-
ing a vibrant community, a thriving economy, and a healthier city. GCAP comprises
ten smaller plans, each with a long-term goal to 2050 and medium-term targets to
2020. These goals include the following: green economy, climate leadership, green
buildings, green transportation, zero waste, access to nature, lighter footprint, clean
water, clean air, and local food (City of Vancouver and UBC 2010).
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The residents of the City and the UBC community proudly acknowledge that
Vancouverites live and work on the unceded traditional territories of the Coast Salish
peoples of the Musqueam, Squamish, Tsleil-Waututh and Kwikwetlem Nations. The
University Endowment Lands are situated on the traditional, ancestral, and unceded
territory of the Musqueam Indian Band (UBC 2018a). “Unceded” means that this
territory was not formally surrendered by the First Nations people and it belongs to
them. This land has always been a place of learning for the Musqueam people, who
for thousands of years have passed on their culture, history, and traditions from one
generation to the next on this site. The following quote from an aboriginal prayer
demonstrates sustainability-related philosophy of the First Nations people:

This land doesn’t belong to us. This land belongs to seven generations down the road. I pray
that the water that we drink, the water that we swim in, will be there for our great great
great grandchildren. As well as all over the world. I pray that the land that we walk on, the
trees that we enjoy, will be there for our generations to come. These things, they all come
together with health. Health of humans. Health of the animals. And health of the Mother
Earth (Okanagan Charter 2015).

Since its inception in 1910 UBC has actively promoted a paradigm shift towards
embracing collaboration and promoting positive and sustainable change. A signif-
icant step in promoting social sustainability on campus was the signing of a mem-
orandum of understanding with the Musqueam Nation in 2006. UBC recognizes
the importance of this land to the Musqueam people and continuously reinforces its
commitment to aboriginal engagement (UBC 2012, 2015), especially through com-
munity involvement and through the transformation of campus into a living lab. It
is important to note that UBC sustainability strategy was developed in consultation
with the campus community, the University Neighbourhood Association (UNA), the
Musqueam First Nation, and external community partners. Based on these consid-
erations, the following research questions have been formulated for this study:

1. What engagement strategies are instrumental in building a sustainable work-live-
learn campus community?

2. How can a “whole university” approach be implemented on a large multicultural
campus? How can positive change be advanced in an integrated and holistic way?

3. What factors are important for turning a university into a living lab?
4. What strategies are useful for empowering students to be agents of positive and

sustainable change?

The limitations of this study are as follows: (1) it does not address all ten goals
articulated by the City of Vancouver; instead, it explores student and community
engagement at UBC; (2) it discusses sustainability-related developments on only one
of the two university campuses, specifically, the Point Grey campus inVancouver; (3)
it touches upon initiatives within the last two decades and focuses on sustainability-
related developments within the last decade (2008–2018).
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4 Key Sustainability Initiatives at the University of British
Columbia

In 1990, along with other leading educational institutions who signed the Talloires
Declaration (University Leaders for a Sustainable Future 2015), UBC pledged to
make sustainability the foundation for campus operations, research, teaching and
community engagement (UBC 2014). In 1997, UBC adopted a sustainable develop-
ment policy that encouraged ESD, as well as sustainable practices in its daily opera-
tions (Moore et al. 2005). In November 2007, the Province of British Columbia intro-
duced British Columbia’s Greenhouse Gas Reduction Targets Act (British Columbia
Ministry of Environment 2007). The Act required that the university and all BC pub-
lic sector organizations be carbon neutral in operations from 2010 (Bilodeau et al.
2014). In response, UBC ramped up its efforts in sustainability teaching, research
and operations. The last decade (2008–2018) saw an unprecedented growth of UBC
campus infrastructure and a substantial increase in the number of employees and
students. The 2009 UBC official strategic plan, “Place and Promise”, reinforced a
high-level commitment to sustainability. It identified sustainability as one of six areas
that support the university’s three priorities: student learning, research excellence and
community engagement (SAS 2009; UBC 2012).

In 2009 UBC prepared a strategic document entitled “Sustainability Academic
Strategy” (SAS 2009; UBC 2012). It provided a vision and goals for enhancing sus-
tainability across the university, as well as a framework for the implementation of key
sustainability initiatives on campus. It is important to note that the planwas developed
in broad consultationwith all members of the campus community, including advisory
and committee meetings, town hall forums, focus group sessions and opportunities
for feedback through social media sites. In 2010, the UBC Sustainability Initiative
(USI) was created. This strategic unit had a mission to integrate sustainability efforts
across the University and ensure that ESD, research and operations would indeed
advance in an integrated and holistic way. UBC established ambitious greenhouse
gas reduction targets and mobilized the work of many units across its campuses. It
initiated numerous sustainability-related advances, such as the ecological footprint
(Rees andWackernagel 1994), regenerative sustainability (Robinson et al. 2011) and
shifting baselines (Pauly 2011). UBC was also the originator of the University and
College Presidents’ Climate Change Statement of Action for Canadian Universities
(University and College Presidents’ Climate Change Statement of Action for Canada
2012). In 2011 UBC became Canada’s 1st Fair Trade campus and earned Canada’s
1st Gold in the STARS sustainability rating system (AASHE 2015; UBC 2018c).

In addition to initiatives related to increasing operational efficiencies, environmen-
tal stewardship and utility savings, sustainability is an active area of research and
study at UBC. Over 21% of faculty have sustainability research interests. 65% of
departments have courses with sustainability content. Across the university, admin-
istrative units pursue sustainability in their operations, and their strategic and opera-
tional plans include goals which are directly related to sustainability (UBC 2015). In
2015 the university foregrounded three interconnected themes—inclusion, collabora-
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tion and innovation. Theywere articulated in the new official strategic plan, “Shaping
UBC’s Next Century” (UBC 2015) and linked to four core target areas with signif-
icant transformational potential: (a) people and places, (b) research excellence and
collaborative clusters, (c) innovative pedagogy and transformative learning, (d) local
and global engagement leading to thriving campus communities.1 The new 20-year
Sustainability Strategy (2015–2035) for UBC’s Vancouver campus was developed in
the spirit of respectful collaboration with the Musqueam First Nation (UBC 2018a).
It builds on the previous UBC’s Sustainability Academic Strategy (SAS 2009) and
outlines UBC’s sustainability vision and aspirations for the period of 2015–2035.

5 Collective Action as a Foundation for Creating a Vibrant
Community

A sustainable campus is a place where sustainability is part of strategic university
decisions, where the university tries to improve the life of the local community
(Moore et al. 2005), and the local community is actively engaged in this process
through collaboration, inclusion and connectivity.

But howcan “thewhole university approach” be implemented on such a large cam-
pus? UBC comprises 17 Faculties, 17 Schools and 2 Colleges, with the student popu-
lation of 65,012, with 5,471 faculty, and 10,618 staff members. It has two campuses,
UBC Point Grey in Vancouver and UBC Okanagan in Kelowna (UBC 2018b). The
UBC community comprises residents of neighbourhoods on both campuses, includ-
ing students, faculty, staff and non-affiliated residents, as well as non-residents who
work or study on campus. UBC Point Grey campus is situated on the westernmost tip
of the Vancouver peninsula; it is about a 30-min bus ride fromDowntownVancouver.
This is a big site, at 993 acres or 4 km2, and the campus is surrounded by 2,000 acres
of dense forest, known as Pacific Spirit Park (UBC 2018b). Altogether, this area
forms much of the 3,000 acres of the University Endowment Lands in Vancouver
Point Grey area. These lands were given by the government to UBC in 1908 when
the university was founded (The Daily Hive 2013).

TheUniversity supports a resilient and engaged campus community that addresses
change collectively and collaboratively. Specific conditions on thePointGrey campus
have cultivated an entrepreneurial culture that supports the development of sustain-
ability initiatives. This culture embraces compassion, wellbeing and social justice;
intercultural fluency, diversity and equality are integrated into UBC’s social sustain-
ability efforts. The campus accommodates a thriving multicultural community of
over 70,000 students, faculty, staff, and local residents. It has one of the most diverse

1Greatpeople—nurturing our global community of faculty, staff and students. Enhancing inclusion
within the UBC community and deepening our engagement with Indigenous partners. Collabora-
tive clusters — interdisciplinary research clusters focusing on problems of societal importance.
Innovative pedagogy — enriching experiential learning and research opportunities as ways to
master valuable competencies. Thriving campus communities — focusing on the wellbeing of
our UBC community, including sustainability and connectivity to our campuses. (UBC 2014).
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populations of international students in Canada—in 2018, 26.3% of students were
international, which amounted to 16,188 international students from 156 countries2

(UBC 2018b). As a direct result of participating in the entrepreneurial culture at
UBC, these students acquire sustainability skills during their studies and rapidly
disseminate them on a global scale. Indeed, UBC has over 325,000 alumni in 140
countries (UBC 2018c). Two specific ways of community engagement are discussed
below: campus as a living lab and university as an agent of change.

6 Transforming the Campus into a Living Lab

An effective strategy of community involvement is to transform the campus into a
living lab and to nurture a thriving work-live-learn community. It means creating
public spaces, parks and amenities, as well as using operational, educational and
research capabilities in a way that “empowers the faculty, staff and students to study
and share lessons learned, technologies created and policies developed” (UBC Sus-
tainability 2017a). Two initiatives are discussed below: Sustainability-in-Residence
and Human and Environmental Wellbeing at UBC (UBC Sustainability 2017a).

6.1 Sustainability-in-Residence

UBC houses more than 10,000 students in 13 residential complexes and is actively
engaged in cultivating community and promoting green lifestyle choices (UBC
2018b). Every student living on campus can get involved in sustainability activi-
ties in the residence that range from integrating sustainability into their daily life
to joining the local sustainability committee. These committees present important
leadership opportunities. Students learn to organize events and activities that pro-
mote ecological and social sustainability topics in residence, such as reducing water,
waste and energy use; making sustainable food choices; using green cleaning prod-
ucts; recycling and composting. Sustainability-in-Residence activities are organized
collaboratively with partners on campus and beyond. As the program evolved over
the years, it engaged with many off-campus partners that work with campus resi-
dents, UBC staff, faculty and students in implementing and deriving lessons from the
“sustainable community living lab” experiment. Importantly, this program helps to
engage students in a way that stimulates their passions and empowers their collective
action towards making the Point Grey campus a model of a vibrant and sustainable
neighbourhood (UBC Sustainability 2017a). This kind of engagement and interac-
tion enhances transformative learning and leads to a reconstruction of meaning of
sustainable practice and the creation and dissemination of new knowledge.

2The top five countries where international students come form are China, the U.S.A., India, Repub-
lic of Korea, and Japan.
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6.2 Human and Environmental Wellbeing at UBC

In 2013 UBC began a comprehensive eight-month process to develop a strategy
for next generation sustainability at UBC’s Vancouver campus. The process directly
engaged over 2,000 people and helped inform the new20-year Sustainability Strategy
(2015–2035). In partnership with the University Neighborhoods Association (UNA),
UBC set up a goal to change from a commuter campus to a live-work-learn com-
munity. In October 2016 UBC announced a formal commitment and an investment
of one million dollars in ongoing funding to support wellbeing at its two campuses.
It became one of the first universities in the world to adopt the Okanagan Char-
ter (Okanagan Charter 2015). This Charter is an outcome of the 2015 International
Conference onHealth PromotingUniversities andColleges. It provides the following
definition of health promoting universities:

Health promoting universities and colleges infuse health into everyday operations, business
practices and academic mandates. By doing so, health promoting universities and colleges
enhance the success of our institutions; create campus cultures of compassion, well-being,
equity and social justice; improve the health of the people who live, learn, work, play and
love on our campuses; and strengthen the ecological, social and economic sustainability of
our communities and wider society (Okanagan Charter 2015).

UBC’s deeply-held commitment to human and environmental wellbeing is
reflected in the following goals set out in its strategic plan for the period of 2015–2035
(UBC 2016):

1. The campus housing and community development policies enable diverse and
more affordable housing options for faculty, staff and students reducing commut-
ing and financial stress, and supporting the development of a compact, complete
and adaptive community.

2. Integration of social sustainability demonstrates improvements in health, pro-
ductivity and quality of life of the UBC community.

3. Innovative engagement programs strengthen linkages across the campus to gener-
ate a sense of place and support the creationof a vibrant, animated, and sustainable
live-work-learn community.

By promoting human and ecological wellbeing in a holistic and regenerative way,
UBC empowers graduates, faculty and staff for long-term success (UBC Sustain-
ability 2017b).

7 University as an Agent of Change

Transformative learning is the basis for another important strategy for community
engagement: to position and promote the university as an agent of change. This flex-
ible, learner-centered strategy presents three opportunities: (1) to train future sus-
tainability leaders; (2) to work with private, public, NGO, industry, government, and
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community partners; (3) to foster sustainability in the larger community beyond the
campus. In 2018 the university had 1,342 research projects with industry partners and
1,112 research contracts and agreements with government and non-profit organiza-
tions. This allowed 73% of students participate in enriched educational experiences
(UBC 2018c). Several on-campus partnerships are described below: the SEEDS
program, Sustainability Ambassadors, UBC Reads Sustainability, and the Student
Sustainability Council. In addition, one off-campus partnership is discussed: the
Greenest City Scholars program.

7.1 The SEEDS Sustainability Program: Experiential
Learning

The SEEDS Sustainability program serves as a gateway to collaboration for staff,
faculty, and community partners by providing a necessary link between the admin-
istrative, academic, and community engagement spheres of the university. It also
provides an experiential learning opportunity to students and promotes the vision
of the campus as a living lab. The goal is to support UBC’s efforts to advance sus-
tainability and contribute to its international commitments. The program is admin-
istered by UBC’s Campus Community Planning Department; it engages approx-
imately one thousand students, faculty, staff and on-campus partners in over 100
impactful research projects, including the Zero Waste Action Plan, Climate Action
Plan, Green Building Plan, and Wellbeing. It also leads the Campus Biodiversity
Initiative: Research and Demonstration (CBIRD) with the Faculty of Science and
campus stakeholders (UBC Sustainability 2017a).

The faculty are encouraged to develop sustainability-related curricula by tapping
into the existing networks on campus and to align research projects with classroom
learning outcomes. Departments are encouraged to create opportunities for students
to gain professional mentorship, experience and skills. Project managers are able
to frame sustainability challenges into well-scoped projects that meet staff needs
and inform strategic operational frameworks of the university. Students are empow-
ered to go beyond the classroom and gain professional experience and skills with
potential implications for future employment, as well as lead active research projects.
Involving students and the campus community in the social action of ESD empowers
them to construct knowledge through engagement and interaction. The power shifts
from instructors to students and further to community members; they start learning
from one another while they share their approaches to problems and find solutions.
The role of the instructor then expands to include the roles of the mentor, resource
provider, facilitator of the learning transfer and co-learner. In this way the princi-
ples of sustainability are integrated university-wide in research, teaching, campus
operations and community engagement.
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7.2 Sustainability Ambassadors: Outreach Activity

“Sustainability Ambassadors” is an educational outreach activity developed by the
Teaching, Learning, and Research Office of the UBC Sustainability Initiative (USI).
Volunteer Ambassadors work with the Sustainability Student Engagement Manager
as part of a team to deliver sustainability programming to fellow students on the Point
Grey campus. They network with various student sustainability-oriented groups to
encourage their interconnectivity on campus (UBC Sustainability 2017a). In this
way they help to organize and promote sustainability-related events and develop a
passionate commitment in their approach to sustainability. The program helps to
raise awareness of sustainability, to inspire the campus community to learn more
about it, and to explore sustainability principles and practices in their own lives. In
this was the campus community is engaged in holistic learning and conscientious
living through collaboration and critical thinking. This is another successful example
of implementing a flexible learner-centered approach.

7.3 UBC Reads Sustainability: Learning Beyond
the Classroom

The “UBC Reads Sustainability” initiative invites famous sustainability authors to
engage in a campus-wide discussion. It is not just a book club, lecture series, or
an opportunity to learn beyond the classroom—it provides a forum for students
across disciplines to discuss sustainability issues. Each year leading sustainability
books are selected. The program staff works with instructors in order to integrate
these books into courses, and to bring the authors to UBC for a public lecture series
(UBC Sustainability 2017a). It has been proven in literature that a discussion of
sustainability issues in the local context may lead to discussion of global issues,
thus improving the students’ understanding of complex topics through a “global”
approach. Students’ engagement with sustainability issues brings a fresh perspective
and enthusiasm to this discourse; students shift from an “outsider” position, through
a “participant-observer” position, to the position of a “leader” and a “passionate
supporter” of sustainable practices. Participation in the program enhances ESD in
students’ academic programs and helps them to experience real-world situations. It
also promotes clarification of essential values, exploration of contrasting viewpoints,
dialogue and holistic learning.

7.4 Student Sustainability Council: Leadership Opportunities

Founded in 2009, the Student Sustainability Council (SSC) is a select board of
students representing a wide range of organizations on campus. It manages funds
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collected from the student environmental stewardship fee and allocates them for a
variety of sustainability projects. Importantly, any member of the community can
submit a proposal for funding support (UBC Sustainability 2017a). The administra-
tion and coordination of these projects provide important leadership opportunities
for student council members, improving their personal attitude towards sustainabil-
ity, promoting collective action, and enhancing critical reflection. Over the years an
increasing number of students got involved in the ongoing development of sustain-
ability initiatives on campus: former councilmembers assume the role of coordinators
for new student-led sustainability groups. In this way, work on the council provides
another transformational learning experience and encourages students’ commitment
and passion toward the development of sustainable practices.

7.5 Off-Campus Program: The Greenest City Scholars

More diverse opportunities for transformative learning exist in off-campus partner-
ships. The university has extended its reach to the off-campus community by devel-
oping a partnership project with the City of Vancouver (Munro et al. 2016). The
Greenest City Scholars programbrought togethermembers of the campus and the city
to support sustainable community development and enjoyed success due to a strong
relationship between the university and the city, shared sustainability goals, and sup-
port from senior administrators (Munro et al. 2016). In 2010 the City of Vancouver
andBC signed aMemorandum ofUnderstanding and partnership (Munro et al. 2016)
for a duration of ten years (2010–2020). It outlines shared sustainability objectives,
guiding principles, administration, and implementation milestones. Key areas are
teaching and learning, applied research, community engagement, transforming the
campus and the city into a living laboratory, and hosting the world/communications.
Each key area has a set of suggested activities. The Greenest City Scholars program
was developed within the “Teaching and Learning” set of activities and was initially
called the “Green City Action Team/Mayor’s Fellows Program” (City of Vancouver
and UBC 2010, p. 3).

The idea of pairing UBC graduate students with the City staff emerged in the early
days of the discussions between the City andUBC because it offered benefits for both
parties: (1) the City appreciated UBC students’ research capacity that helped City’s
staff to advance its sustainability agenda; (2) UBCwelcomed the potential to provide
students with valuable professional experience with real-world issues (Munro et al.
2016). Through this partnership,UBCcould act as a “catalyst for economic and social
transformation” (O’Mara 2012, p. 235) and an agent of change for sustainability in
the community, which were some of the key principles expressed by the university
in its strategic plans (UBC 2012, 2015). In subsequent years the City of Vancouver
matched the funding of the program and provided the impetus for UBC to work
with other regional partners. This extra funding resulted in the tripling of the number
of student positions (Munro et al. 2016). In 2014, graduate student sustainability
internships, called “Sustainability Scholars”, were piloted with the provincial hydro-



16 T. Teslenko

electric power authority, a gas utility, a local First Nations community and several
on-campus departments.

Overall, participation in the Greenest City Scholars program helped UBC stu-
dents to broaden their sustainability education and led to significant outcomes to the
university and to the City (Munro et al. 2016):

1. It helped graduate students to acquire important competencies, e.g., an ability
to apply the knowledge from their own program to real-world problems, and an
opportunity to develop as agents of change.

2. It built an active bridge between the university and the City and allowed students
to play an important role in strengthening the partnership (Daneri et al. 2015).

3. It provided highly valued ESD-related work experience and allowed students to
make important research and policy contributions.

4. It was expanded because the City helped to establish connections with the City’s
other partners to encourage them to work with UBC.

Consequently, the impact of the Scholars program occurred on three levels: (a)
at an individual level—through the training and education provided to students; (b)
at an organizational level—through the contributions of individual projects to pol-
icy development; (c) at a broader level—as a mechanism to promote partnerships
required for societal transformation (Munro et al. 2016). These findings are consis-
tent with the principles of the guiding framework of desired outcomes for students
graduating from ESD programs (Marcus et al. 2015; Munro et al. 2016).

8 Conclusions

The University of British Columbia rightfully occupies an important place in the
global networkofHEI that have turned their campuses into research, development and
demonstration sites for sustainable behaviour, infrastructure and community. UBC is
proud to share its 20-year-long track record of successful pursuit of operational sus-
tainability goals and targets. This paper briefly reviewed sustainability initiatives for
a period of two decades and foregrounded sustainability-related developments within
the last decade. It described activities that led towards student engagement and the
creation of a vibrant, healthy and resilient community and highlighted an important
part of this engagement—an on-going ecological conversation about sustainability.
This conversation helped to develop a shared understanding of ecological, social and
economic consequences of individual actions and collective action. The paper dis-
cussed two important developments: transforming the university into a living lab and
positioning it as an agent of change. It discussed the following important outcomes
that show how the University of British Columbia has successfully implemented
“the whole university approach” for embedding ESD through societal conversation,
collective action, collaboration and partnerships:

1. The transformation from a place of learning to a vibrant and sustainable work-
live-learn campus was facilitated by leveraging the community’s best assets and



Engaging Students and Campus Community … 17

diverse skills of students, faculty, staff and local residents. This was achieved
through delivering programming for all ages, building community capacity, and
engaging the community with outreach initiatives and local partnerships.

2. The university has deeply engaged with its local and global partners. Impor-
tantly, it has nurtured and supported a mutually respectful relationship with the
Musqueam people, the local First Nations Band on whose traditional, ancestral,
and unceded territories the Point Grey campus is located.

3. UBC joined other campuses that act as living labs, implementing ESD in ways
that empower students, faculty, and staff to become global agents of change and
influence sustainability practices around the world.

4. The university leveraged the introduction of the Provincial Government’s Carbon
NeutralMandate as an opportunity towork collaborativelywith its administrative
units, faculty, and students toward carbon emission reductions and associated cost
savings.

5. The growth and development of the campus created the opportunity to further
develop innovative practices:

a. On the research level, UBC researchers advanced sustainability scholarship.
b. On the curriculum and extra-curriculum levels, hundreds of ESD-related

courses, programs and educational events were developed for faculty, staff
and students.

c. On the organizational level, UBC committed to a deep integration of its
operational and academic efforts.

6. UBC’s strong commitment to promoting human and environmentalwellbeing has
signified a major cultural shift. Wellbeing has become an important avenue for
creating a healthier, happier and more sustainable work-live-learn community.

Through these developments, every person in the campus community is empow-
ered to achieve their full potential in teaching, learning, research, and community
engagement. The University of British Columbia continues to build on its achieve-
ments, to study the problems and issues involved in implementing sustainable prac-
tices, and to prepare students with sustainability-related knowledge and skills.
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A Review on Integrated Information
System and Sustainability
Implementation Framework in Higher
Education

Mona M. Al-Kuwari and Muammer Koç

Abstract Higher Education Institutions (HEIs) hold an essential societal position
as a micro model for the larger community of cities, countries, and the World in
demonstrating a commitment to, contribution for, and transformational example of
sustainability. HEIs have a significant prospect for enabling change towards a sustain-
able future and development. An extensive number of studies present sustainability
ideation and implementation in HEIs with a large variety of approaches alongwith an
emphasis on the main factors affecting its implementation. In addition, other studies
report on different strategies used for aligning information systems (IS) with sus-
tainability. This present study is a review aiming at investigating the existing gaps
and identifying opportunities for future research towards developing an effective
and integrated IS framework to enhance and support sustainability implementation
in HEIs. Findings reveal that there is a necessity for further investigation on the link-
age between all phases of implementing sustainability in HEIs through integrating
sustainability and IS frameworks while considering all main factors that influence
this shift.

Keywords Sustainability implementation · Higher education · Information
system · Implementation framework · Assessment system

1 Introduction

In the past decade, a number of international studies, reports and conferences related
to sustainability raised critical issues about incorporating sustainability into educa-
tional systems (Shrivastava 2010). Although sustainable development (SD) in HEI is
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not a new debate, it has only started to gain attention in recent years. For this reason,
there is an essential need to conduct additional and targeted research in order to estab-
lish new ways and means to develop sustainable practices in HEIs as they set perfect
examples and act as drivers for the rest of the society. On the international level, in
2000, the United States established the Association for the Advancement of Sustain-
ability in Higher Education (AASHE), which organized HEIs to lead the initiative of
sustainability conversion. Themain roles of this organization are to provide resources
and a network of support and professional development to facilitate modeling and
advancing sustainability to HEIs in their activities. Another successful initiative in
this aspect is the United Nations Decade of Education for Sustainable Development
(2005–2014) by UNESCO, which aimed to encourage behavioral change by embed-
ding sustainable development into all education practices (UNESCO 2005).

All over the world, most of the HEIs started addressing issues around sustainabil-
ity through introducing this concept into their mainstream activities, research and
courses (Stephens andGraham2010).Hereafter, HEIswere recognized for their great
contributions in supporting sustainability initiatives across their domains (Karat-
zoglou 2013). Accordingly, there are some successful examples of HEIs embedding
sustainability strategies into all of their educational activities such as curriculum
development, research, operations and activities. According to Goni et al. (2017)
an extensive number of studies highlighting sustainability in higher education have
been conducted, most of which have been concerned with surveying the substantial
role of HEIs in integrating sustainability, sustainability assessment, and sustainabil-
ity integration into education. However, in the context of higher education only a
few studies have investigated the function of IS in assessing all procedures used for
processing sustainability data (Gómez et al. 2015; Jorge et al. 2015).

Leal Filho (2011) mentioned that although over 600 universities signed interna-
tional agreements and conventions to commit themselves towards sustainable behav-
iors, many of them partially failed in implementing the framework of sustainability
into practice. According to Spira et al. (2013), most of higher education institutions
are following non-structured frameworks to integrate sustainability development. In
fact, he referred to a need to identify and formulate a generic and scalable framework
as well as to identify different influencing factors. Therefore, it is recommended to
avoid a focus on addressing specific needs of each organization, and instead to work
towards a holistic thinking to adapt and tackle sustainability issues (Nawaz and Koç
2018). In addition, an integral understanding of every system is mandatory to iden-
tify diverse factors hindering the implementation of sustainability in HEIs (Gómez
et al. 2015). Thus, it is important to cover all sustainability related dimensions by
considering how these factors can be related to an HEI’s system.

Recent technological advances have increased the availability, volume and capa-
bility of information management; decision makers require the availability of infor-
mation and data for both planning and decision making. An Information System
(IS) is a software that provides the information necessary to manage an organization
effectively by organizing and analyzing its data tomove it into synthesized and useful
knowledge and functional actions for further continuous improvement. An IS gives
an overall picture of the company, acting as a communication and planning tool that
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assists decision makers to adapt to any changes. In addition to that, the IS is consid-
ered as a key facilitator to evaluate the performance and to monitor progress in order
to enhance business processes in any sector (Chofreh et al. 2016b). Therefore, the
evolution of sustainability practices in HEIs can be facilitated and improved with a
framework aligning sustainability goals, its implementation stages and IS; or it can be
adversely affected by the misalignment between sustainability and IS. Time waste
and excessive costs during sustainability implementation are two examples of the
possible misalignment that might lead to unsuccessful and inefficient sustainability
implementation. In contrast, the sustainability practices which are supported by IS
can lead to achieve sustainability goals and objectives in HEIs rapidly and efficiently
setting positive examples for the rest of society and other organizations.

This study summarizes findings from literature concerning the current state of
research in sustainability implementation by covering different concepts of pro-
posed frameworks and various strategies of IS in HEIs. A systematic review has
been conducted. The first step was to search for relevant articles from databases such
as ScienceDirect and ResearchGate using selected keyword including sustainability,
university, HEI, information systems in different combinations in addition to some
papers that were recommended by expert in the field of sustainability. Most of selec-
tions are scientific papers from journals, and the search resulted in around 100 +
documents. The second step was an analysis of the content of selected documents
by reviewing the title, authors and abstracts, a process which resulted in the number
of relevant articles being reduced to around 50. Out of these, only around 22 were
found to be addressing common issues of sustainability and IS issues in HEI at the
time of this search between November 2017 and January 2018.

The paper is divided into three sections. Section one covers findings from literature
review. Section two provides further research opportunities. Finally, the last section
presents conclusions and recommendations.

2 Implementing Sustainability in HEIs

Appling sustainability in HEIs is not a mere policy changing process. It is a major
transformation, which requires development and implementing a myriad of proce-
dures. In fact, implementing sustainability requires strategic planning, organizational
restructuring and decision-making that is supported by leadership vision. Different
perspectives of developing sustainability implementation frameworks and explana-
tions of how they would be mapped within IS in HEIs are presented in this section.

2.1 Sustainability Implementation Frameworks for HEIs

Sustainability has emerged as an essential topic in higher education; therefore, numer-
ous researches have proposed schemes to introduce the sustainability concept into
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their mainstream courses, activities and research, while other studies have analyzed
different factors that might influence the implementation process. In this respect, in
2015, two studies were published: Jorge et al. (2015) conducted a research focusing
on analyzing the application of sustainability in higher education in Spain, and they
investigated the factors influencing sustainability practices; while Milutinović and
Nikolić (2014) studied the implementation process of sustainability in higher educa-
tion in Serbia, evaluated recent developments in theoretical concepts and practices,
and studied their potential impacts on Serbia’s overall HEIs practices. Both stud-
ies discovered the importance of universities increasing their commitment towards
sustainability application. They advised that this should be initiated by university
planners and decision makers and facilitated through acts of commitment such as
signing declarations similar to the College Sustainability Report Card (2011). Fur-
thermore, they concluded that HEIs require pursuing innovative ways to create links
with the society, mainly by the restoration of programs and a new research plan
(Jorge et al. 2015; Milutinović and Nikolić 2014).

Verhulst and Lambrechts (2015) established a framework and amodel for sustain-
ability implementation based on some specific factors related to humans. In addition,
they provided essential guidelines to embed sustainable development in higher educa-
tion. The authors focused on analyzing human factors influencing the implementation
of sustainability at the Belgian University. Resistance against change and internal
communication on changes were two examples of these human related factors. The
study showed that the theoretical model provided an explanation of the human related
barriers which, therefore, affected the integration of sustainability in higher educa-
tion. The authors showed the interlinkages between the discovered barriers and the
different phases of the implementation process. Finally, the study emphasized the
essential role of the continuous support by sustainable development representatives
and ambassadors within HEIs to enhance sustainability implementations.

Holdsworth and Thomas (2016) carried out a research similar to the aforemen-
tioned study. They developed a framework based on the theoretical Sustainability
Education Academic Development (SEAD) in order to identify requirements neces-
sary for educational development programs to apply sustainability in higher educa-
tion. These proposed frameworks considered the three main elements of an educa-
tional development program, academic development and organisational change; that
need to be taken into account in sustainability implementation in HEIs. However,
this study missed the guideline needed for this integration.

Over the last decade, the awareness of the impact of human activities has increased
significantly. This brought more clarity and pushed organizations to take responsi-
bility and be committed toward achieving SD goals. Furthermore, stakeholders were
highly engaged in the process of building sustainable future (Daub 2007). Therefore,
in order to support organizations and societies in their movements towards achieving
SD, accurate data collection in sustainability reports are needed to track performance,
share values, and take actions. To achieve this, assessment system and sustainability
practice should be aligned in one strategy. Suggestions for sustainability assessment
systems and its strategies are provided in the next section.
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2.2 The Information System Strategy for Assessing
Sustainability in HEIs

Darnall et al. (2008) mention that some studies noticed the integration of IS strategies
or existing assessment systems could be insufficient to achieve sustainability goals.
Moreover, applying conceptual sustainability models is very challenging if it is not
backed with some proper tools that are incorporated with theoretical framework.

Therefore, integration of multidisciplinary goals could assist towards sustain-
ability implementation and assessment. Moreover, IS strategies are different from
each other in design and scope, therefore ‘perfect sustainability circle’ will never be
reached. In the same context, Nawaz and Koç (2018) proposed a generic sustainabil-
itymanagement framework emphasizing the harmony between the suggested scheme
and established international standardized guidelines. The study also focused on the
importance of embedding the proposed framework with an assessment tool. The pro-
posed model creates strong relationship between diverse procedures necessary for a
systematic sustainability management.

Gómez et al. (2015) presented the issue of sustainability assessment by intro-
ducing an “Adaptable Model” for assessing the sustainability practices in several
application phases and data availability. This proposed model designed was based
on sustainability implementation experiences in higher education and takes into con-
sideration numerous assessmentmodels and international declarations. The proposed
model is divided into four hierarchical layers with three main standards “institutional
commitment, example setting, and advancing sustainability” (Gómez et al. 2015).
They concluded that the assessment model is flexible and allows for comparison
within a group of organizations with common features.

Although Goni et al. (2017) mention the significance of managing sustainability
through assessment system, the concept of strategic alignment between the appli-
cation of sustainability in higher education and information system is neglected.
Goni et al (2017), focused on highlighting the important role of IS in supporting
sustainability activities towards building a sustainable environment for education.
The authors proposed the strategic alignment that should be established between
sustainability and IS in order to take all related activities of HEIs to a higher level.
They found that no IS strategies were considered during the initial phases of sustain-
ability implementation to support their practices, which would affect achievement of
sustainability targets. Conversely, this could be more beneficial for higher education
as it can develop the effectiveness of sustainability activities, as well as it can reduce
the implementation time and cost.

Regarding the issue of assessment systems to implement sustainability, Sustain-
able Enterprise Resource Planning (S-ERP) systems are important to be implemented
in sustainable organizations’ practices to assist them in avoiding the segregation issue
over extended value chain. However, organizations face difficulty in implementing S-
ERP system because of the lack of clear guidelines that explain the whole process of
applying the system (Chofreh et al. 2016a). For this reason, some articles addressed
this lack of guidelines through establishing the concept of the S-ERP as comprehen-
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sive plan. Chofreh et al. (2016c) indicate that it is necessary to provide a compre-
hensive plan and direction to implement the integrated system to avoid ineffective
and inefficient organizational activities. Authors tackled this subject by providing
certain components, such as a roadmap, framework, and guidelines. These S-ERP
components were verified by experts, and could be generally applied to various types
of organizations. Consequently, implementing S-ERP system in organizations could
be facilitated by this roadmap.

3 Further Research Needs and Opportunities

There were many existing studies concerned with sustainability implementation in
higher education, but only few of these studies have put forward generic, detailed
and applicable frameworks that can serve as guidelines towards a successful imple-
mentation to sustainable higher education. Many of them have presented theoretical
frameworks or focused on defining implementation frameworks at the level of a
particular university or even a university program in a specific country (Maas et al.
2016a). Couple other studies have concentrated on the development and applica-
tion of sustainability frameworks from the perspective of IS strategies and systems
in HEIs. However, additional and advanced studies still require in-depth research
regarding framework that considers all the components essential for the design and
implementation of sustainability and incorporation of IS strategies, along with estab-
lishing standardized guidelines for introducing sustainability in higher education.
Therefore, a holistic consideration of different processes when implementing sus-
tainability is essential, such as the effect of organisational changes.

As a result, there is a need to investigate more on sustainability implementation
processes in HEIs from the perspective of different influencing success factors that
should be considered in the framework andmight affect the implementation. Further-
more, in order to succeed this integrated framework into HEIs, IS strategies should
be considered from the beginning of the implementation process by embedding all
sustainability practices using assessment systems. According to Gusmão Caiado
et al. (2018), although the results of this study find that there are five guidelines,
which can tackle sustainability challenges in order to facilities the implementation
of sustainability, there is an essential need for more investigation on sustainability
implementation issues in context of unsolved problems. Due to lack of standardized
guidelines for applying the assessment system to support sustainability activities in
higher education, more focus should be put on establishing the strategic alignment
for providing suitable guidelines for higher education. This will assist in performing
life cycle assessment and provide high quality information available in sustainability
reports to all stakeholders. As a result, the segregation issue that faced the higher
education while implementing sustainability would be solved. In order to provide
the decision makers with impact of social and environmental challenges and changes
on business and to reduce the consumption of natural recourses as well as promote a
healthy work environment, Battaglia et al. (2016) mentioned the important of using
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the assessment system to integrate sustainability into organizational strategy. How-
ever, the whole integration process of sustainability into the organizational strategy
was neglected due to cognitive barriers which led to stifled the cognitive enablers
and have disabled the integration process.

The needs of a research work are raised in order to fill gaps related to the lack of
integration of sustainability implementation framework in HEIs from the perspective
of all the effective factors and provide the strategic alignment concept with IS by
considering the best practices of implementing a system. According to Maas et al.
(2016b), most of research focused clearly on the IS in the context of environmental
and sustainability issues but the integration of sustainability by embedding all sus-
tainability practices that applied in an organization by using IS was marginalized.
Therefore, one of the challenges that can hinder the future research is to empirically
examine how organizations applied IS and what kind of tools they used.

4 Conclusions

Even if the sustainability is one of the most essential issues affecting society world-
wide, awareness about it and a sense of worthiness of its significance is still confined
to HEIs. However, the implementation of sustainable development at HEIs faces
many challenges. For instance, complexity of sustainability is in one hand of the
most important problems that has largely been underestimated, implementation of
sustainability, on the other hand, is a challenge that needs multidisciplinary skills,
information, politics, and collaboration between all levels in HEIs.

This study presents a review of the current literature on sustainability implementa-
tion in higher education to provide an overall summary and guidance on the topic and
uncovering the gaps in the literature. Findings of the literature review reveal thatmany
researches proposed various concepts for a sustainability implementation framework
in HEIs based on each of organizational point of view. In addition, it is clear that each
study considered different variables in their proposed frameworks. For this reason,
considering generic standers that could assist in developing sustainability frame-
works, it would be useful to be integrated with other components such as the various
influencing factors and information system strategies to coordinate the sustainability
transformation procedures in a successful way. Other studies separately proposed
assessment systems to facilitate management of applying sustainability practices in
higher education, such as S-ERP. These systems need standardized guidelines to be
aligned with strategies of HEIs.

This study also aimed at highlighting the knowledge gap in the linkage between all
components that are essential in implementing sustainability in HEIs. It is identified
that there is a need for further studies to develop a generic formulation to apply sus-
tainability framework with the underlined Information Systems (IS) strategy as one
of the important components and core facilitator of this implementation. In addition,
for a better implementation with an accuracy and accessibility of sustainability data
and information, higher education needs to take into account the assessment systems.
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As this study focus more on grab the attention to this issue, further applied research
through real life surveys and interviews needs to be conducted for suitable solutions.
In addition, due to different in geographical areas and cultures, any proposed frame-
works, guidelines, and assessment system should be empirically validated and tested
at national and international level.
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How the Structures of a Green Campus
Promotes the Development
of Sustainability Competences. The
Experience of the University of Bologna

Gabriella Calvano, Angelo Paletta and Alessandra Bonoli

Abstract Pursuing sustainable development in universities is not just a political
issue ormanagement issue of the universities. Strategies and action plans are only par-
tially useful if they are not accompanied by concrete actions in teaching, in research
and in the outreach as well as the development of physical structures that respond
to the principles and criteria of sustainability. Many universities made steps in this
direction, making green their campuses. It lacked, however, the awareness that the
“physical structures” can effect learning, allowing students to develop skills useful
to promote sustainable lifestyles and they become professionals “of the future capa-
ble of.” This paper aims to highlight the educational function that the University of
Bologna has developed through the changes implemented to the plexus structures
“Terracini” of the School of Engineering and Architecture. Through a series of inter-
views with key observers (students, faculty, staff), the paper illustrates how, even
enhancing the leading role of the students, the campus has become a real “living
lab” in which design new ideas, test participation initiatives and concrete realization
of the projects, teaching and dissemination of good practices. In other words, it is a
starting point for the promotion of social, educational and research the principles of
sustainability.

Keywords Education · Green office · Participation · Structures and places ·
Sustainable development
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1 Introduction. Sustainable Development and University:
The Importance of Make Structures and Places
Sustainable

Universities were the first institutions to work toward sustainable development
(Wright 2004; Stephens et al. 2008), expressing their commitment through the sub-
scription of numerous international declarations, such as the Talloires in 1990, when
the world commitment of universities for sustainability officially began (Huppè et al.
2013). Over the years, universities have focused on important aspects and responsi-
bilities, in linewith theirmainmissions: preparing students for the future, researching
the causes of global challenges and hypothesising solutions, developing good prac-
tices through governance and the management of resources in close relationship with
the local community.

The universities’ commitment for sustainable development is not a mere “formal”
issue, but on the contrary, it is made of concrete actions (Leal Filho 2011) such as:
curricula’s transformation, the changes in campus structures, the research towards
sustainability issues, the implementation of lifelong training courses, the implemen-
tation of concrete projects with and for the territory and the creation andmanagement
of relevant information and knowledge (Karatzoglou 2013, p. 45).

The risk, however, that this commitment may lead to a “systems failure”, due to
the “continuing inability to sufficiently adapt to our social and economic systems to
their ecological context” (Sterling 2004), is very high, especially related to several
challenges that the university is asked to face (Leal Filho 2011):

1. the need of a wider sustainability interpretation as well as the responsibilities
that every country and every citizen has in its implementation;

2. the need to better communicate sustainability to different nations and to different
kind of public to make it understandable and to encourage the involvement of all
countries (regardless of their economic situation), as requested and underlined
by the Agenda 2030;

3. the need to make sustainability concrete and operational. Together with the con-
siderable number of studies and publications, more good practices, projects and
case studies need to be disseminated in order to show what can be done and how.

4. the need to increase the support for sustainability through (Leal Filho 2010): an
understanding of the university role in the implementation of sustainable develop-
ment, on the job training interventions for academic staff on sustainability issues,
the creation of research centres and/or working groups to discuss the best way
to pursue sustainable development through specific initiatives, the development
of partnerships and networks (inside the same institution and between different
institutions) for the exchange of ideas, experiences, best practices, creation and
implementation of specific projects.

Taking care of sustainability offers universities the opportunity not only to gener-
ate new knowledge but also to contribute to the development of sustainability skills,
and the awareness about this issue. Considering sustainability as a guiding principle
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of universities can also facilitate institutional change, making it systemic and provid-
ing spaces for critical and transformative thinking, making sure that the university
itself plays an important role in the society transformation (Barth and Rieckmann
2012).

This process can be speed up if it is supported by training interventions, which are
implemented not as just a redefinition of the curricula, but including specific aspects
of sustainable development. An increasing number of universities (e.g. Oberlin and
Portland State University) use buildings and facilities as tools to educate on sus-
tainability. Campuses are considered real “living laboratories” where students can
experience the link between the theories and the knowledge learned in the classroom
and real cases from local reality. The living laboratories promote, in fact, students’
full participation in the change for sustainability through their active involvement in
the choices and actions to be performed in the campus. This participation increases
their civic commitment in the improvement of local communities’ internal sustain-
ability processes (Hansen 2017, pp. 225–226).

Although there is plenty of literature on what students should learn about sustain-
ability, there are few studies on students’ perception of the actual usability of their
learning for sustainability (Carew and Mitchell 2002) even in their own university.
Indeed, there are limited participation opportunities for students in the sustainability
development of their university (Nejati and Nejati 2013). Hicks (2002) acknowl-
edges how “the emotional impact of global issues on students learning is still a
neglected area of research” and highlights the necessity of pedagogical paths able
to develop students’ sense of hope and empowerment, because global problems also
imply emotional involvement (Hicks 2002, p. 99).

Promoting the development of a sense of responsibility through university implies
that each student perceives himself as an agent of change for sustainability and
develops skills necessary to face sustainability challenges.

This contribution aims fill this gap by presenting a university teaching experience
that enhances the role of students, their participation and their responsibility for their
university’s sustainability.

The Green Office model, born and developed in the last years in Northern Europe,
has the objective of the creation of a “hub” managed by the students with the close
collaboration and supervision of the teaching staff and administrative staff, in order to
promote sustainability actions and to propose itself as a model for the local territory.

2 Educating for Sustainable Development: Political
Dimension and Need for Participation

Sustainable development’s education, even at university level, is currently having
a strong international (both as a result of the Decade of Education of Sustainable
Development and following the definition of the UN Agenda 2030) and national
momentum (with the National Development Education Plan for Sustainability of
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the Italian Ministry of Education, University and Research 2017). However, there
is still much to be done: a cultural and structural change inside the universities,
which is inevitably complex and requires the involvement of the entire institutional
community, can occur more easily with a clear, precise and consistent educational
commitment on sustainable development and its challenges (Sterling 2001).

As Morin stated (2015, pp. 36–37), there is still the opposition of the current
training systems to provide the tools for questioning and reflecting on the good life,
because the teaching is still faulty and strictly associated to specific fields considered
not to be interconnected.

Educating for sustainable development is much more than teaching what sustain-
able development really is, because it involves actually experiencing sustainability:
it is practice and theory together, sustainability principles integration in everyday
life. For this reason, universities sustainability experiences are more effective when
supported by training courses focused on “a learning-by-doing approach that can
demonstrate how to answer the multiple challenges of sustainability” (Cappellaro
and Bonoli 2014). Education for sustainable development is in fact interdisciplinary,
collaborative, experiential and potentially transformative; it produces spaces to think,
inquiry, dialogue and act (Moore 2005, p. 78). From this perspective, education can
be considered as a driver for change: investing in education means investing in and
for the future.

The sustainable development education goal is, in fact, to make students able to
imagine alternative development practices and to participate in the increasingly nec-
essary processes of change. Only the full understanding of the political dimension of
sustainable development education will make it possible to acknowledge education
as a specific community and social need that requires: learning methods able for
enhancing real experience as an instrument of authentic knowledge (Dewey 2014);
development of skills for sustainability (Brundiers et al. 2010; Brundiers and Wiek
2013; Thomas 2009) and promotion of effective thinking that comes from the liv-
ing experience and constantly refers to it and that sees reality as an instrument of
continuous comparison (Mortari 2008, p. 38).

Fostering the development of a sense of responsibility through university courses
let each student perceive himself as an agent of change for sustainability. In an uncer-
tain and rapidly changingworld, higher education acquires an increasingly significant
role in helping students to be active and responsible citizens and can become a lab-
oratory of democracy and civil commitment in which everyone contributes to the
common good: “to improve education we need to get out of the classroom and think
about our community’s problems, seeing the territory as a space for participation
and learning that commit us to develop relevant knowledge. The proposal is to stop
considering […] young people only as a hope for the future or as beneficiaries of
assistance and inclusion policies, but to offer them the opportunity to be active agents
of the present” (Nieves Tapia 2016, p. 4).

Place-based education paths are undoubtedly very useful for this purpose. In
fact, this kind of interventions contextualize knowledge, content and skills within
experiential and multidisciplinary learning environments and promote useful actions
for the community (Gruenewald 2003) and the community-building (Schild 2016,
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p. 20) as they refer to direct aspects of students’ daily life (Palberg and Jari 2000;
Leeming and Porter 1997).

The creation of “good” citizens requires an education of young people to par-
ticipate in their communities life and to establish a high quality relationship with
them. Participating is “thinking together about community life problems, looking
for solutions together, comparing them, and then, through the dialogue, choose the
right option” (Mortari 2008, p. 54). For this aim, projects of living lab and active
students’ participation are very important in universities.

As stated in the 1992 Rio Conference, participation is a fundamental require-
ment for sustainable development. Chapter 36 of the Agenda 21 Document (United
Nations 1992), in fact, calls for encouraging participatory processes on sustainability
by giving undisputed value to education at all levels. Participation allows a general
change in the reference paradigm and contributes to the dissemination of sustain-
ability culture in universities.

The students are more and more aware to the themes and issues of sustainable
development (UNESCO 2014). They are thus called to interact with the other com-
munity members to develop an understanding and to set up actions able to change the
current situation. They are no longer spectators but key players for their university’s
sustainability. This is why much more needs to be done to involve students in higher
education transformation processes in order to increase their sense of responsibility,
to foster their emotional involvement and to develop empowerment and hope (Hicks
2002, p. 99).

Oneof the strengths is undoubtedly linked to the reduction of the gapbetweenwhat
it is said in the classrooms and the perceived sustainable development requirements at
an economic, social and environmental level (Kajikawa 2008). Unfortunately, there
are cases in which students “found that what they have learned is so unrelated to real
life situations not to give them any control over it” (Dewey 2014, p. 13). There is
the need of quality experiences, able of influencing further and future experiences.
The dialogue, the comparison and the interaction clearly represent an opportunity
for common growth, favoring the construction of a life project, promoting active
and democratic participation and opportunities of growth at several levels: personal,
university community, local community and global community.

3 Participation in Practice: The Experience
of the “Terracini in Transition” Living Lab
and the Creation of the University of Bologna’s Green
Office

The Green Office of the University of Bologna is intended as a hub for students as
drivers of change together with universities and cities. Based on the Northern Europe
Green Office projects, it has been designed inside the participation in an European
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project Horizon 2020 about the regeneration of urban areas in the university of
Bologna zone.

The Green Office can be considered as “an organizational niche” where new
experimentation practices take place. It is a catalyst for change that allows a larger
involvement of students in the University’s efforts towards sustainability (Spira and
Backer-Shelley 2015, p. 211).

Through confrontation, students develop a strong critical thought, seen as the
development of “refined logical and argumentative skills […] on the basis of a contin-
uous confrontation with themost important social, economic and political questions”
(Mortari 2008, p. 38) related to their university. Teachers, students and technical and
administrative staff design, discuss, imagine and experiment sustainable solutions;
together they grow, together they educate themselves and feel co-responsible for the
choices and the measures to be implemented. The Green Office is therefore a dimen-
sion of personal and social growth in which each actor of university life recognizes
its role and its responsibility to start an important process of institutional, urban and
human regeneration.

The Green Office of the University of Bologna stems from the experience of the
“Terracini in Transition” Living Lab of the School of Engineering.

4 Methodology

The living lab has been studied to outline its strengths or weaknesses and to value its
replicability and its enormous potential to create more structured, broad, multidis-
ciplinary projects that involve the entire university community and deeply interact
with the city and the local territory. This study presents a “on the field” research
about “Terracini in Transition” through direct interviews with its main actors.

This research aims to investigate, through a qualitative exploratory research, the
perception of:

1. the potential that the participation to the Living Lab of “Terracini in Transition”
has for the university transition towards sustainability;

2. a possible relationship between the participation in the Living Lab and the devel-
opment of skills for the creation of the future Green Office and sustainability
actions at city level, specifying which actions are undertaken;

3. if and how knowledge and skills acquisition can be encouraged by university’s
facilities;

4. how much Green Office participation can increase sustainability in the univer-
sity’s own city.

Interviews were carried out from September 2017 to February 2018 with thir-
teen members considered privileged observers (four members of the technical and
administrative staff and nine students) of the “Terracini in Transition” Living Lab
of the School of Engineering and Architecture of the University of Bologna. This
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meant that they became part of the sample of this research (reasoned sampling). The
interviews were carried out at the Terracini Campus of the University of Bologna.

Interviews were conducted according to an informed protocol including 5 ques-
tions, administered in a specific order from the most general questions to the most
sensitive ones. The questions were not provided in advance to the interviewees to
avoid any biased responses and attitudes (Vitale et al. 2008). The answers were digi-
tally recorded andmanually transcribed. The interview transcription was sent to each
interviewee to be approved.

The use of semi-structured interviews facilitated the understanding of the Living
Lab experience by giving participants the opportunity to freely express themselves
and allowed to obtain rich and various data (Bryman 2012).

The content of the interviews were compared and emphasis was placed on simi-
larities and differences, as well as on relevant aspects emerged during the interviews.
A rigorous analysis of the collected material and the suspension of judgment allowed
to limit the risk of subjectivity that may arise in interpretative research.

5 Data Analysis and Main Results

5.1 Potential for University’s Transition Toward
Sustainability

Regarding the Living Lab potential in the creation of a university Green Office and
in the transition toward sustainability of the University of Bologna, no differences
were found between the administrative staff and the students. In particular, the main
detected potentials were:

1. educational
2. relational (creation of new relationship and recovery or strengthening of the

existing ones).

The educational potential is expressed in the increasing awareness on environ-
mental and sustainability issues, making clear a particular interest on these topics:
“Although there is the decentralized department of environmental engineering, the
environmental component is strong … however, entering this department no one
notices it. Instead “Terracini in Transition” means that there is clear attention to
these issues and therefore allows those who are interested to get in and collaborate.
[…] Moves consciences” (F.L.). The word “conscience” echoes in the words of S.P.
according towhich “everyone should try to carry forward a sustainable conscience…
The university should support this and students should be interested in these issues”.

“Terracini in Transition” is view as a “connection for practices that can
help everybody with examples of sustainable actions” (E.F.) but also as a “big
educational and teaching tool because it changes the point of view […] the
teacher is not anymore the only one that provides knowledge and solutions
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but the solutions are designed with the students […] that is how we become a com-
munity useful for other communities” (F.C.).

Participants of the project report another important potentiality of their activ-
ity: creating and reinforcing the relationships between people and disciplines. E.S.
highlights this aspect very well: “I really like the interdisciplinary … [students of]
management engineer, mechanic engineer and civil engineer understand that these
issues concern not only someone but everyone. The Living Lab allows us to know
each other outside our groups … which is an important aspect … because we are
very sectoral and we know it. It’s chance to know each other and to improve, which
is always good”.

5.2 Relationship Between Green Office Participation
and Skills Development

Sustainability undoubtedly places new challenges for our societies that require cre-
ativity, self-organization and transversal competences that the university often does
not provide but are essential to create citizens for sustainability.

The word competences describes the specific attributes that individuals need for
action and self-organization in various complex situations and contexts. They include
cognitive, affective, intentional and motivational elements; therefore, they constitute
an interaction of knowledge, skills and abilities, motivations and affective disposi-
tions (UNESCO2017). Skills can not be taught butmust be developed by the learners.
They are acquired in action, based on the experience and the reflection (UNESCO
2014).

There are specific skills that are considered essential for sustainability (see deHaan
2010; Rieckmann 2012; Wiek et al. 2011): systemic thinking, prevision, regulation,
strategic, collaborative and critical thinking, self-awareness, problem solving.

Can Green Office participation develop competences? Which competences are
involved and who develops them?

All the respondents agree that being part of the Green Office and participating in
its projects provides the development of personal skills useful also for the students’
professional future.

Even though is widely agreed that Green Office is helpful for the development
of technical competences, all the interviewee agree that it fosters “practical and
transversal competences” (D.P.) as well, in other words soft skills. In particular, E.F.
highlights that, through Green Office, it is possible to “go outside the borders of
theory and get into the real practice”. This pushes participants to “deepen topics that
are not covered in academic lectures” (S.P.) and let students from different university
courses or university staff from different roles understand the importance of looking
at problems with an interdisciplinary perspective (S.P. and F.C.).

According to the interviewees, the dialogue and the collaboration between disci-
plines and between people and institutions, represents the most developed sustain-
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ability competence in the Green Office. The University of Bologna considers this
competence very important, not surprisingly the Green Office has scheduled a series
of training sessions on team working (F.C.), based on the fact that is one of most
requested competences by companies. This tendency to promote collaborative com-
petences between companies and the world of work has also emerged from the words
of E.F., who underlines how this collaboration is “new and more intense” compared
to university everyday life: “this is a great added value, in fact the Green Office is a
real link between university and the labor market”.

The other soft skills that are most likely to be developed through the Green Office
are:

• Problem solving competence linked to forecasting. “The opportunity to think and
try to implement specific projects let you clashwith reality…And then you have to
meet technicians and politicians and maybe you argue with them and they ask you
to go through long and difficult bureaucratic procedures […] Participating in the
GreenOffice puts you to the test… andmakes you realize how real life projects are
difficult to manage and you have to consider always the negative aspects” (E.S.).

• Design and project management that pushes to “apply the knowledge learned
during the lessons in real situations that are closer to the world of work than
students’ life” (F.C).

The Green Office represents, therefore, a tool of self-education (for participants)
and of education (institutions, organizations, businesses that work together) to sus-
tainability and, according to the interviewed technical and administrative staff, rep-
resents especially for the non-teaching staff an added value in terms of commitment
to sustainability.

5.3 University Facilities for Training to Sustainability

The project “Terracini in Transition” and the students’ Living Lab were born to
address the issues of “concrete” sustainability: “What canwe do for the sustainability
of the Via Terracini Engineering and Architecture School? Are there any places in
this facility that communicate sustainability? Which are these places? Which are the
difficult places? How can we improve them?” (F.C.).

Starting from the Transition Towns Movement principles, Terracini’s Transition
project shows how is possible to make a change and to educate starting from the
places: “a vegetable garden… a abandoned place that is regenerated… the transfor-
mation of places has a very important impact on the participation and the involvement
of citizens and students in sustainability and transition projects”, continues FC “If
there are places and structures where sustainability has been taken care of, people
will wonder why. It is a start … A practical way to wake up consciences”.

The places are, therefore, a crucial element to educate to sustainability because
they allow people to “touch” (P.D.) and to “visualize” sustainability (M.C.). In partic-
ular, those who took part of Terracini in Transition of the University of Bologna have
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designed an experimental “green roof”, which represents an interesting example of
sustainable solutions placed into concrete actions of teaching and applied research.

Through the Terracini in Transition green roof project the group had the oppor-
tunity to participate to important European projects, to be known also in the city
context, and to make themselves available to the community. “We are a very small
reality that has grown a lot … Being well known outside is a great resource […]
a great victory. The practices we developed with the Green Office are laboratory
practices for the growth of sustainability in the city of Bologna” (E.S.).

The importance ofwhat has beendone inTerracini’s facility should focus the atten-
tion on keep working in an overall University perspective through the development
of a true student Green Office that is multidisciplinary and strongly contextualized
within the city, sharing common competences and objectives, because “if it is true
that much has been done … it is equally true that there is still much more to do”
(D.P.).

5.4 What the University Green Office Can Do for City
of Bologna’s Sustainability

The city is the main place where the future of sustainability and human beings is
played. It is fundamental, then, that the university offers its services to the city and
starts a dialogue with it to plan together solutions for the local territory.

This is what arises from the interviewee when were asked if the link between the
Green Office and the city of Bologna allows a sustainability growth.

The majority of respondents (eight) recognize the strong link between the city of
Bologna and its university: unlike campuses in Northern Europe where the model of
the Green Office was born, Bologna is “the ultimate university city: the university is
inside the city and Bologna would not be what it is without its university” (F.C.).

Despite this, actually the bond established between students and the city is not
ideal. Students end up not fully living the city and they give back very little as a
consequence. The Green Office can be a tool where “the student (even those who
live outside the city) can feel part of Bologna, a citizen of Bologna because he is
committed to the well-being of the city” (J.L.) and can “get involved … with all the
knowledge learned in class” (F.L.). Once again, comes out the strong educational
value of the Green Office, an experience that arises from confrontation but also from
the sharing of what one knows and what one is. It is no coincidence that “without the
relationship with the Municipality and the city, the Green Office would be an end in
itself” (M.C.) and “there would be no sustainability” (E.F).

Everyone benefits from this link: all the interviewees think that:

• the city benefits because the Green Office work “produces solutions that benefit
also the city … the developed practices can be repeated in other places … For
example it would be great if the municipality recognizes the importance of green
roofs and decided to create a network of green roofs …” (F.C.);
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• students anduniversity communities citizens and future generations benefit (M.C.);
• associations benefit because “the Green Office is a tool for dialogue between
associations that deal with sustainability but often fail to collaborate” (E.F.).

Clearly, as almost all the interviewees point out, there are “inevitable bureaucratic
and coordination problems as they are big institutions … and … it is difficult to
establish a dialogue” (F.L.). At the same time, however, everyone is aware that a full
collaboration requires both institutions to give up on their self-centeredness.

Only in this way, the University and the Green Office can be a “locomotive of
sustainability” within the city (M.C.).

6 Conclusions

The experience of the Green Office of the University of Bologna, described in this
paper, strongly highlights the importance of the role of education for a campus that
wants to define itself as “green”. This education goes beyond lectures and requires
innovative approaches that can guarantee a better understanding of sustainability and
how it should be designed in all areas of university life.

What makes the Green Office a highly educational experience is that all the
participants bring their own life, experiences, previous knowledge, skills to make
them the best use and to build new ones (Calvano 2017):

• It benefits students: they learn how to design solutions and make the best use
of the knowledge learned during their studies; they have the opportunity to get
in touch with companies, institutions, associations, local authorities, developing
social, relational, problem solving and transversal skills; they perceive themselves
as a living and active part of their university. No longer just students but main
actors of their university community.

• It benefits teachers which can count on their students’ creativity and commitment
for the design of new strategies and solutions; which can consider their teaching
in light of the skills required of students from the real problems they are facing.

• It benefits the technical and administrative staff who, working for the growth of
their university’s sustainability, find themselves, like the students, as main actors
of the university community and the creators of change.

• It benefits the whole university, in a third mission view able to go beyond
the assumption that innovation is the exclusively technology, rediscovering the
inevitably social nature, where the dimension of service to the community is the
“sine qua non” condition for everyone’s growth.

This study underlined the support that a living lab like the Green Office can give
not only to the sustainability development of the university and the city, but also to
the students’ increase of participation and responsibility toward this issue.

Although the results of this work are positive, there are some undeniable limita-
tions:
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• as a case study, it is strictly related to a specific contest and time. It would be
necessary to repeat the research longitudinally (interviewing new students of the
Green Office of the University of Bologna in 3 years) and in different places
(repeating the study with students from other universities where there is a Green
Office);

• there is the possibility that the enthusiasm about sustainability development is
mainly of the teachers that took part to the Green Office and less of the students
who’s commitment could be just a compliance to teachers’ requests;

• it can not be excluded that students empowerment experience about sustainability’s
issues can be limited to Green Office and to the university context and does not
transfer into a concrete commitment in their everyday, personal and professional
life.

Further studies, currently ongoing, are trying to fill these gaps.
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Generating a New Idea of Public Mission
for Universities. A Sustainable
Communication Paradigm
for Community Building

Viola Davini, Ilaria Marchionne and Eugenio Pandolfini

Abstract In the last decades, at international level, universities have been facing an
important and essential challenge: to define and promote a “sustainable” communi-
cation model able to aggregate different skills and resources—internal and external
to the academic field—that effectively respond to the needs of the social and produc-
tive fabric. Starting from this idea, the Generating a New Idea of Public Mission for
Universities research project, conceived and developed by the Center for Generative
Communication (CfGC) of the University of Florence, aims to redefine the relation-
ship between Research, Education, Third Mission and Territory. The conviction that
drives this research work is, in fact, that universities can be characterized as a proto-
type for any enterprise. Universities, in fact, intervene at the same time on the front
of education, research and development and can initiate a significant reflection on
the modalities that today distinguish the definition of services, goods and products.
These institutions create and disseminate a newmodel of sustainable communication
that identifies the skills and resources necessary to generate truly innovative prod-
ucts, taking into account social and productive fabric needs. The main purpose of the
project, therefore, is precisely to introduce a new vision of Technology Transfer as
a means to: identify the needs coming from the society, highlight the critical issues
that need to be solved, promote for the skills and human resources (before economic
ones) necessary to find innovative solutions for the identified problems. After an
introduction of the topic and an overview of its scientific context, this paper will
examine two research experiences (Good practises of Job Placement and Genera-
tive Communication for CsaVRI) developed by the CfGC in the last few years. These
research projects focus on the analysis of expressed and unexpressed needs within
the Florentine university community: students, recent graduates, doctoral students,
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grant holders, teachers and, last but not least, the administrative staff. Through these
experimentations, we wish to demonstrate that only through community building
strategies, that enforce the dialogue between the different actors involved in com-
municative processes, is it possible to redefine the training offer, the way of doing
research, technology transfer services and, consequently, the active role of the uni-
versity as a driver of innovation throughout the territory.

Keywords Public mission · Community building · Generative communication ·
Sustainability · Innovation development

1 Introduction

University, communication, sustainability.
These are the keywords which describe the Generating a new idea of public

mission for universities research project conducted by the Center for Generative
Communication (CfGC) at the University of Florence. This project is related to what
is commonly called the “Third Mission” of the University.

Through two specific case studies developed by the CfGC, the paper aims to
demonstrate that we must first redefine the model of communication that links Train-
ing, Research and Third Mission in order to make our universities more sustainable.
We cannot talk about sustainability without discussing the communicative and orga-
nizational model that should characterize it. It is necessary to apply and to test a truly
sustainable paradigm that can aggregate different skills and resources to respond
effectively to the needs of the social and productive fabric, through a more transdis-
ciplinary approach to the problems identified.

For this reason, the CfGC has activated over the years a series of projects within
the University of Florence in order to involve researchers and experts from different
fields in co-designing innovative research responding to the needs of society. This is
the core of the paradigm of generative communication (Toschi 2011).

The main conviction of this work is that the university can become a prototype
for any other company and organization because, acting simultaneously on educa-
tion, research and development, it produces products and services that can initiate a
reflection on a new paradigm of sustainable communication.

The main purpose of this research is to rethink the university’s Third Mission in
terms of sustainability: communication between the University and the internal and
external stakeholders clarified at the beginning of the production process of training
and research.More than this, to be truly efficient and effective, communication cannot
be interpreted only from one-to-many, but also as a tool to establish relationships that
are focused on the design and realization of concrete objectives and projects (Cambi
and Toschi 2006).

Generative communication, in fact, has the operational capacity to generate, to
aggregate, and to enhance resources around a common goal which, in this case,
consists of building the community inside and outside the university.
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Referring to this specific communication model, we can call it “sustainable com-
munication” because by aggregating resources it builds and strengthens relationships
among people, companies and other social, cultural and economic actors of the terri-
tory, thus enhancing the diversities of each individual on the basis of common interest
or project (what we call “community building”).

The resources we are talking about are not only economic. More precisely, in this
context, we are referring to the skills and heritage of knowledge that is owned by
all the people who, with their daily work, give life to the organization (in this case
the university). The value of human resources is often unrecognized and therefore
unused even if they represent an immense hidden energy that, through collective
processes of participation and discussion, can emerge and feed common innovation
projects (Toschi 2017).

In order to do so, communication must activate a participatory process so that
everyone can contribute to the success of the project, while improving the quality of
their daily work, their satisfaction and, therefore, their well-being.

For these reasons, all the projects based on the generative communication
paradigm are centered on the human resources, their diversities and the single con-
tribution that each subject can give to a common project. The aim is to activate
communicative processes which stimulate and foster the vitality and creativity of
individuals in order to strengthen the organization as a whole.

The processes thatwe are introducing—and thatwewill describe in the subsequent
section of this paper with two case studies—work on the individuals inside the
organization, the relationship they have with themselves, with the organization and
with the other people or entities they interact with. These considerations take into
account the idea of organizations as compared to “living systems” (Morgan 1986)
that, in an ecological perspective, live and prosper only in the presence of close
relations with other organisms and, more generally, with the highest possible number
of resources of the same system.

From these observations—and the findings from many other projects conducted
by the CfGC—it is clear that we need to overcome the outdated conception of com-
munication as a neutral tool or simply a sort of packaging able to convey any product
or service.

Sustainable communication has the power is able to build communities of val-
ues, interests and objectives that, in the case of the university, lead to establishing
a new relationship between the academic world (students, professors, researchers
and administrative staff) and external stakeholders (enterprises, associations, orga-
nizations and institutions). In other words, we can speak about a different way of
interpreting communication, only when it becomes a tool to share and aggregate
resources from the research world, the social and economic fabric, and institutions
that are normally separated.

It was precisely in this direction that the CfGC started collaboration in 2016
with the Job Placement service of the University of Florence and, in 2017, with the
CSAVRI (Centro di Servizi di Ateneo per la Valorizzazione della Ricerca e la gestione
dell’Incubatore universitario), the service center for enhancement of research and
management for the university’s start-up incubator. These research projects aim to
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collect and analyze all the strengths and good practices of the current organization
that distinguish this important sector of intervention within the Florentine university,
starting from listening to and involvement of those who, in different ways and with
different roles, have contributed and continue to contribute to the development of
services and activities.

The present project, although focused on the local Florentine reality, could be
considered in all respects as a good practice to be proposed at other Italian and
international universities.

An initial definition of what is meant today by the University’s Third Mission at
the Italian and international level and what the models of communication that are
adopted to strengthen, the relationship between research, education and territory. The
present paper attempts to analyze closely the relationship between the University, its
campus and its community starting from this question: is it possible to transform the
recipients of the services of the different universities—in particular students, teachers
and administrative staff—from passive targets to active users? And if so, how can
we do it?

2 Beyond the Concept of Knowledge Transfer: Towards
a New Relationship Among Research, Education
and Third Mission

The project introduced in this paper starts from the conviction that nowadays it
is necessary to redefine the relationship among Research, Education and the Third
Mission (which generically includes all the activities that connect the university with
the external society), focusing on the academic context and the important role of
public universities. In our complex society, we cannot consider this mission separate
from the first two (i.e. education and research).

For this reason, it is important to introduce a different conception of the Third
Mission which leads to a radical rethinking of how training offers and research are
planned and carried forward, as well as introduce a different relationship between
training, research and territory.

The presentwork introduces a vision of technology transfer (one of the aspects that
is included in the ThirdMission) as ameans of identifying the needs coming from the
productive and social fabric, of highlighting the critical issues where it is necessary
to intervene and, above all, the skills and human resources (before economic ones)
necessary to solve the problems identified.

Thus, the Third Mission and its related technological transfer should cease to be
the only instrument for immediate economic evaluation of the obtained knowledge.

For all intents and purposes, the Mission becomes transversal, a starting point to
guide the entireworkof the university in an increasingly interdisciplinaryperspective:
from the choice of research areas where to intervene to a redefinition of the training
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offer for students to face the future challenges of innovation (Masia and Morcellini
2009).

For years, theCfGChasbeendeveloping researchprojects centeredona rethinking
of traditional teaching methods and ways of doing research, replacing them with co-
design and co-production models that incentivize a strong relationship between the
university and society. The thesis is that through this process the current model of
the Universitas Studiorum can be revolutionized to activate real exchange between
the university and civil society: this relationship will be more effective if the research
of expressed and unexpressed needs, in the medium and long term, of the different
stakeholders involved is put at the center of the whole model (Toschi et al. 2017).

3 Communicating the Third Mission: The Generative
Perspective

The Generating a New Idea of Public Mission for Universities project is related to
a broader line of research introduced in Italy since the early 2000s.

In those years there was a progressive focus on how the university is connected
to and communicates with the society which came on the heels of the reform of
educational systems and Law 150 of 2000 (“Disciplina delle attività di informazione
e di comunicazione delle pubbliche amministrazioni”) regarding communication and
public administration.

From that moment on, the emerging imperative has been to enhance the principles of infor-
mation and transparency, fundamental duties towards its own users but also towards the
whole society; to recognize the centrality of the student in the organizational process of the
University, and to reaffirm the duty to listen to their users in order to improve the quality of
services rendered (Marchione and Pattuglia 2009, p. 207).

In addition to the principles of transparency, information and accessibility—fun-
damental elements for good public communication (Gazzetta Ufficiale 2000)—the
university had to rethink its rolewithin society and itsway of communicating. Indeed,
on one hand, more and more external requests have been emerging in building a uni-
versity model that provides services and resources that contribute not only to the
cultural development of the territory but also to its economic development. On the
other hand, the central government has progressively reduced its direct intervention
in the management of the university, leaving it increasingly autonomous.

This metamorphosis has therefore led the universities to associate their tradi-
tional missions of teaching and research with a third: the transformation of scientific
knowledge into business skills, thus characterizing the birth of the concept of “En-
trepreneurial University” (Etzkowitz 2008; OECD 2012).

This approach was born in the United States in 1963 thanks to Clark Kerr, rector
of the University of California, Berkeley, who coined the term “multiversity” to
indicate the next step beyond the overcoming of the traditional university. The advent
of multiversity aimed to create a university community (Kerr 2001) that was, in
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practice, able to intervene in the multiplicity and complexity of reality (Morin 1990;
Ceruti 2018), enhancing all the peculiarities of society and responding to the constant
changing cultural and economic needs that it was about to face.

On the threshold of the new millennium, Henry Etzkowitz and Loet Leydesdorff
defined the “Triple Helix model”, marking the leap in quality necessary to define the
identity and objectives of the Third Mission. The main characteristic of this model
is that it encourages a strong interaction between political institutions, the indus-
trial fabric, and the research world. This relationship is interpreted and seen as an
indispensable tool to foster and promote innovation and economic and social devel-
opment. It was, therefore, the beginning of the assertion that the actors called upon
to participate in this dialogue are no longer just two (universities and businesses),
but three (universities, enterprises and political institutions).

Thus, it was within the American context that the need to define a different kind
of university emerged for the first time. A model in which the university must, in
addition to education and research, think of new ways to promote the exploitation of
knowledge in order to contribute to the cultural and economic development of the
society.

In Europe, the concept of the university’s ThirdMission has only been considered
in the last twenty years. Some first traces can be found in the early 1990s concurrently
with a major acceleration by the European Union in the implementation of strategies,
initially as policies, aimed at promoting a new economic model based on knowledge
thanks to the role of the university especially through consolidation of its relationships
with the social and business fabric.

However, in 2003, with the publication of The role of Universities in the Europe
of Knowledge, the European Commission launched a debate about the role played
by universities within society regarding the series of profound changes they had to
face, such as the development of closer cooperation with the productive fabric, the
multiplication of places where knowledge is produced, and reorganization of the
areas of knowledge (Mazzei 2004; Scamuzzi and De Bortoli 2012).

For this reason, universities had to respond to new educational and training needs
that derived from the economy and the knowledge society (UNESCO 2005). Among
these elements, there was a growing need for scientific and technical education,
transversal skills and lifelong learning possibilities, which require greater perme-
ability between the various components and the various levels of education and
training systems (European Commission 2003).

Furthermore, in Italy, the concept of the Third Mission arrived later, due to cul-
tural and regulatory difficulties. In 2011, with the Evaluation of the Quality of
Research (VQR) 2004–2010, the National Agency for Evaluation of the Univer-
sity and Research System (ANVUR) inaugurated a path of evaluation of activities
related to the Third Mission of universities and, more generally, research bodies.
It was only in 2013 that the ANVUR, in its penultimate report on the state of the
university and research, provided a definition of the Third Mission:

The set of activities with which universities enter into direct interaction with society, sup-
porting traditional teaching missions (first mission, based on interaction with students) and
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research (second mission, in interaction mainly with the scientific communities or peer)
(ANVUR 2014).

Looking closely at the ANVUR documentation, however, two criticalities imme-
diately emerge. First, in recent years, muchmore attention has been paid to the search
for a standardization of the indicators to evaluate the activities of the Third Mission
than to the definition of those processes necessary to incentivize and promote a vision
of it that puts the university at the center of an increasingly articulated network of
relationships between institutions, entrepreneurial realities and individual citizens.

Second, more and more often the Third Mission tends to be considered a third
type of intervention that the university is called upon to perform. As we say: first
there is research, then there is the teaching and training of students and, only at the
end, we bring the results achieved into contact with the world outside (to companies,
institutions and the social fabric).

Fromno document or communication does the fact emerge that, in order to operate
actively within the Third Mission, universities must interact with the territory of
reference even before activating training and research paths that truly respond to the
expressed and unexpressed needs of society. Only by following this process, can the
university recover and reinforce its role asUniversitas studiorum and act as a strategic
actor to create, organize, and manage a generative environment of knowledge and
resources in the territory.

The generative paradigm of communication underlines the need to enhance indi-
vidual subjects and their creativity, relocating their needs and their knowledge at
the center of the design of new social and economic models in a perspective of
community building (Wenger 1998).

Moreover, this can only be achieved by developing ‘good’ communication (Toschi
2018) which encourages interaction and cooperation between all the subjects, avoid-
ing the idea that communication is a mere transfer of information to more or less
defined targets.

The generative paradigm, indeed, pays particular attention to the study of the
processes that animate social organizations. It starts from the assumption that orga-
nizations are, for all intents andpurposes, living systems in continuous transformation
because of the centripetal and centrifugal forces to which they are constantly sub-
jected (de Geus 1997). They are, therefore, considered systems that live and feed
themselves through the interactions between the subjects that are part of them and
that characterize their own identity.

Precisely because of this basic conviction, the CfGC has been implementing
the generative communication paradigm for years to plan and design communi-
cation strategies in the belief that the only model of communication able to generate
resources is the one that activates fundamental feedback mechanisms for the devel-
opment of a system (von Bertalanffy 1968) through the communication processes
within the organization (sharing of knowledge, exchange of practices, learning and
continuing education, etc.) and the direct involvement of those who are part of it.
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4 Generating a New Idea of Public Mission
for Universities: Two Case Studies

Two projects carried out under the auspices of the University of Florence (Good
practices of Job Placement and Generative communication for CsaVRI) made up
the experimentation of the research described above. In this context, the CfGC’s
researchers considered the university and the reference territory as a true living
system, where the interaction between the various actors and the community building
activities contribute to preparation of common groundwhere all the subjects can plan
together themost effectiveways to spread and apply innovation to the territory, giving
strength, vitality and health to the whole system.

The CfGC sees the services offered by the university as products of a community
to be offered to the reference target and starts the communication process at the initial
phase of their conception, transforming passive end users into active collaborators.
Such services, in fact, must be conceived as real communicative objects through
redefining the concept of communication of the product to communication within
the product itself (Toschi 2011). In other words, a model of communication that is
not limited to the promotion of a finished product, but that guides its design right
from the start.

For this reason, strategies must be designed to approach communication as a
tool of knowledge that continuously improves the services offered, through constant
feedback from end users. In this way, the services themselves will be the result of
a shared project between the university, which listens to and engages the internal
interlocutors, and the outside world, thus responding to the demand for skills and
products that enterprises require to improve themselves.

Only in this way, can universities finally reaffirm their essence as a place of exper-
imentation where the contamination between students, graduates and researchers,
companies and realities of the territory, brings continuous innovation to the whole
cultural, economic and social fabric.

The case studies presented here exclusively involved the Florentine university.
This strong territorialization and limited duration of the projects could be seen as
critical elements limiting the impact of the research carried out. However, the basic
idea behind the work was that only by intervening on targeted objects (in this case
those specific to the Florentine reality) would we be able to define and experiment a
reference model able to be adopted on a large scale and in other universities.

5 The Good Practices of Job Placement Project

In 2016, the CfGC started collaboratingwith the Job Placement service of theUniver-
sity of Florence. This office aims to support students, undergraduates and graduates
by guiding them in their career choices, aswell as facilitating their integration into the
labor market. It also offers services for the business world: institutions, companies
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and employers can contact this office to receive assistance in finding and selecting
students and graduates.

The collaboration stipulated the collection and analysis of all the strengths and
good practices of that current organization through a listening research process ded-
icated to all the subjects involved in the services (from the staff who organize the
activities, to the students who attend them), so as to provide Job Placement manage-
ment with the necessary data useful for planning future actions and improving the
quality of those already in place.

In order to pursue this goal, the research group carried out important community
building involving all the subjects who, in different ways and with different roles,
were in contact with the Job Placement service through the use of the “lezione-
intervista”, a research technique developed by the CfGC to realize a project where
analysis and design coexist and feed each other.

The lezione-intervista represents, among all the tools developed by CfGC
researchers, the most effective one in the analysis phase. When the research group
first comes in contact with an organization (such as an institution, a company or
an association), it uses this technique to get to know its organizational structure,
communicative flows, critical issues and strengths; this kind of interview makes it
possible to maximize (in quantitative and qualitative terms) the collection of knowl-
edge elements.

The lezione-intervista, however, is not only an instrument of analysis but also for
designing and, as we will see, development and training. It allows identification of
the strengths (analysis) of an organization in order to aggregate around them both the
subjects responsible and those who feel able to contribute. Thanks to this technique,
it was possible in our specific case to agree on a shared operational strategy (design)
with all the Job Placement subjects to strengthen the project, to re-launch it and, if
necessary, to plan organizational changes.

Through a preliminary analysis, the research group proceeded systematically to
involve all the subjects that had a role in the galaxy of Job Placement services
and activities; this community building strategy gathered the internal and external
resources of the university and it helped create a cooperating community engaged in
a rethinking of the relationship between teaching, research and the Third Mission.

The data acquired during the lezione-intervista phase were elaborated through
a synthesis matrix. At the end of the elaboration of these data, the research group
carried out a content analysis that made it possible to debate the intervention strategy
which was elaborated and delivered to the client—the head of the Job Placement
service—in a final report.

6 Generative Communication for CsaVRI

In this second case study which involved collaboration between the CfGC and
CsaVRI, the objectives and operating methods to achieve them were very similar.
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CsaVRI is the University of Florence center that deals with technology transfer
and, among other things, coordinates and manages the Florentine University Incu-
bator (IUF) which, since 2010, promotes and supports the birth and first phase of
development of start-ups and spin-offs based on entrepreneurial ideas with a high
rate of innovation and a strong link with university research. Through the activities
of the IUF, the University of Florence spreads business culture and entrepreneurship
in the academic field. In 2017, CsaVRI requested support for communication of the
Incubator’s services.

Framing the necessary analysis, the CfGC research group proposed a strategy of
community building aimed at a wider intervention to redefine the communicative
identity of the whole sector.

The research questions and convictions underlying this project stem fromprevious
experience gained in the Job Placement project and other initiatives where the CfGC
has been involved in technology transfer activities.

Two particularly significant elements of knowledge have emerged from our expe-
riences:

1. communication—especially of institutional type—is effective if, and only if,
it activates a continuous and prolonged exchange over time, creating a sort of
loyalty with the end user;

2. it is essential to identify subjects that are true gatekeepers and active subjects
both in the reception of information and transformation of it into contents to be
communicated to those who are potentially interested. In any case, dynamics
must not be exclusively top-down, but a communication channel must be acti-
vated so that end users have the possibility to provide feedback to those who are
responsible for identifying the policy, communication strategies and content to
convey to users.

Thus, the communication strategy developed by the CfGCwas developed through
a series of community building activities aimed at creating a common ground where
the subjects involved in the organization of services could converge, identifying the
most motivated subjects and those potentially interested in the activities proposed
by the Incubator, starting with one-to-one communication methods.

In order to build common ground that strengthens the communication and qual-
ity of services, which in turn contributes to increasing the quality and quantity of
applications for participation in training services, the CfGC aimed to:

• identify and aggregate new potential interlocutors interested in services;
• involve different subjects in technology transfer activities;
• keep all stakeholders informed through effective communication methods.

In this case, the research group focused on the development of an effective
communication strategy starting from the call for proposals for enrollment in the
entrepreneurship training and services that the IUF organizes for the creation of uni-
versity spin-offs. These calls for proposals are the point of access for services and
they were considered as the result of a process of analysis of the needs of Ph.D.
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students, grant holders, researchers and university professors, on the one hand, and
companies and businesses in the area, on the other.

The first step in the project was an analysis of the strategies and the channels used
by the IUF staff (e.g. the website, social media, events, newsletter etc.). This gave
us an updated picture of the system of functions and services, highlighting strengths
and weaknesses in the way the Incubator communicates its activities.

The research group started monitoring the communicative and organizational
ecosystem in order to constantly verify the effectiveness of all the communicative
practices and contents. Based on the knowledge that emerged, the CfGC designed
and implemented a precise communication strategy, providing the tools necessary
for the IUF staff to apply it.

The collaboration with CsaVRI is still ongoing, so exhaustive considerations
regarding the results of the project are not yet available. However, initial findings
seem to justify the added value of a communication project based on community
building strategies: it has reinforced the organization by involving and enhancing the
role—institutional or informal—assumed by the subjects within it through a series of
face to face activities oriented to cross-engagement and empowerment of individual
subjects.

7 Conclusion

From the knowledge that has emerged so far, we conclude that the new idea of the
university’s public mission starts when it creates systems, networks and relationships
among the various stakeholders present in the territory, avoiding a communicative
model of knowledge and technology transfer that is exclusively top-down and one-
way.

In fact, the university should return to playing strategic role of Universitas stu-
diorum that builds and generates social systems based on shared knowledge.

The experimentations carried out so far, in fact, support the hypothesis that com-
munication intended as a simple way of promoting products and services is not
sufficient to reach a heterogeneous public.

The communication strategy proposed by the CfGC, which addresses the com-
plexity of the system in ecological terms, does not propose energy- or resource-
intensive activities (such as a transmedial promotional campaign) but, as we have
seen, it works on the relationships between the individuals, thus enhancing them
and ensuring constant and effective exchanges. In this way the fragmentation and
heterogeneity of the subjects involved and the relevant public—critical issues to
which the whole project seeks to resolve—is used to strengthen the system itself by
involving the available resources and adding new ones. This is the added value of
the generative approach in terms of sustainability: the community building process
contributes, on the one hand, to sharing the available resources with those still to be
identified and exploited, and on the other, to guaranteeing a high level of diversity
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and, therefore, the vitality of the whole system. All this by simply re-orienting the
university’s available energies through elaborated ad hoc organizational methods.

Consequently, to pursue a sustainable communication model, the university
should intervene both in terms of organization and management, and at scientific
level.

First, it must increasingly act as a crucial node able to:

• involve all the different stakeholders (political institutions, organizations, associ-
ations and individual citizens) in truly innovative processes;

• promote a participatory model where everyone can share their own skills and
competencies with the working group;

• stimulate participation by managing the system together with all the actors who
are part of it;

• identify—through analysis, studies and reflections—the real stakeholder needs in
order to read the peculiarities of the territory that distinguish its specific cultural
and social identity.

At scientific level, on the other hand, the university should design communication
strategies that:

• analyze and monitor new inclusive organizational models that allow all subjects
to express themselves and their peculiarities at the service of the whole system;

• promote and contribute significantly to creating innovative processes and products,
enforcing collaboration with the various stakeholders;

• activate and stimulate new experimentations and research activities when there is
a lack of knowledge;

• disseminate the results obtained;
• define a model that privileges communication within the product, rather than the
communication of the product.

Lastly, a communication strategy needs to be defined that builds a community
and certifies the quality of the products made and, above all, of the processes that
distinguish them.
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Involving Students in Implementing
a Campus Culture of Sustainability

Madhavi Venkatesan and Julia Crooijmans

Abstract Courses in sustainability studies are garnering significant interest across
U.S. colleges and universities and are increasingly represented in a wider range of
disciplines including economics. The latter addition is consistent with theBrundtland
recommendation and offers a significant opportunity to foster understanding of both
the basis for present decision-making as well as the values foundation required for
the shift from a consumerism-fostered culture to one of sustainable economic devel-
opment based on intergenerational equity. This paper provides an overview of the
Economics of Sustainability course offering at Northeastern University in Boston.
Students in two sections of a same semester offering of the course were assigned to
groupswherein they determined a group-based semester long project. The parameters
of the project required a life cycle or cost benefit assessment inclusive of externali-
ties and projects were specific to a current university action that could be modified
to promote campus sustainability. Given that sustainability was an objective and a
marketing stance of the institution, the projects, which ranged from a consignment
store to local food sourcing to resource measurement and efficiency, were aligned
to the publicly stated university goals and were designed to be shared with univer-
sity administration and ultimately, implemented. The latter aspect provided students
with both an incentive and tangible outcome that promoted their longer-term educa-
tional goals. Overall, the assignment process is one that can be replicated and offers
an opportunity to incorporate a campus-based cultural orientation to sustainability
within a course design.
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1 Introduction

To a large extent, the curriculum of introductory economics has maintained the the-
ories espoused by the writers and contributors to economic thought contemporary
to the discipline’s Classical period. John Stuart Mill’s Principles of Political Econ-
omy (1985) provided a summary of the contributions to economic thought by Adam
Smith, David Ricardo, and other significant economic thinkers of the nineteenth
century and became a standard text used in the study of economics into the early
twentieth century. However, of note is the fact that the authors, including Mill, were
relaying behaviors perceived in a society contemporary to their life and questioning
aspects of the observed progress of the time, including poverty, the role of money,
and the potential impact of population growth. Their thoughts were debated discus-
sions and their frameworks were not adopted as immutable facts. Additionally, the
issues discussed were similar to those of preceding Western societies, as evidenced
in the moral philosophical discourses of Plato and Aristotle nearly two millennia
earlier. The evaluation of the human condition within a given social and economic
framework provides the challenge to economists to be both positive evaluators from
the perspective that positive signifies reporting on observable and factual phenom-
ena and normative participants, where normative requires an expression of value
judgment.

Present teaching models of economics have virtually eliminated the normative
aspects of assessment, reducing economics to the mathematical relationships that
are addressed in absolute terms rather than in alignment with cultural attributions
coincident with their development. This in large part is attributable to the work
of Marshall (1920). Alfred Marshall (1842–1924) was one of the most influential
economists of his time. He applied mathematical principles to economic issues, with
the result that economics became established as a scientific discipline. The promotion
of the market model and the inherent efficiency of supply and demand are credited
to him. He promoted the perspective that the intersection of both supply and demand
produces an equilibrium of price and quantity in a competitive market. Therefore,
over the long run, the costs of production and the prices of goods and services tend
towards the lowest point consistent with continued production. Over time, economics
has become an increasingly quantified discipline. Arguably, the corresponding lack
of attention to values and behavior incorporated within economic assessment has
distanced the tangibility of economics to sustainability. This attribution has limited
the understanding of the explanatory potential of economics and the application of
economics as both a cause and a remedy of unsustainable practices.

As Nelson (1995, 139) points out, economics evaluates efficiency with respect to
the “use of resources to maximize production and consumption, not by the moral
desirability of the physical methods and social institutions used to achieve this end.”
The factors that are included in an economic evaluation are limited to the tangible
quantifiable costs, and the costs are overlooked where either a market or a regulatory
oversight has not provided amonetary justification. From this perspective, the impact
of consumption decisions on the environment, economic disparity, or endangerment
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of other species are not an issue. The market mechanism disenfranchises the con-
sumer from the welfare of those impacted by his or her consumption and promotes
the perception that price alone is indicative of the true cost of a good. Nelson (1995,
139) notes, “The possibility that consumption should be reduced because the act of
consumption is not good for the soul, or is not what actually makes people happy,
has no place within the economic value system.” The underlying assumption is that
consumers are driven to want more. As a result, economic modeling assumes that
reduction in consumption in the current period is only addressed through the lens
of an increase in consumption in a later period. That the assumption of insatiable
want may be taught and a learned behavior, reinforced through a market model, is
not even addressed in economics (Knoedler and Underwood 2003).

Beach (1938, 515) proposed, “Perhaps the most important job of the teacher in
social sciences is to develop the students’ power of discernment. The students must
learn that one idea does not contain the whole truth; and when this is learned, the
students’ progress will be more rapid.” The inclusion of sustainability offers students
an alternative perspective on the assumptions of insatiable appetite to consume, profit
maximization, and externalities as market failure. Discussion of sustainability offers
a potential challenge and forces the inclusion of time in cost-benefit assessment
of preferences as well as the moral and ethical issues of consumption solely for
individual gratification. As Knoedler and Underwood (2003) concluded,

The alternative set of economic principles offers a foundation for a Principles course that
provides a richer understanding of the real economy…Whether the instructor of Principles
chooses to build his or her course exclusively around the alternative principles or instead
uses them as counterpoints to introduce a multi-paradigmatic and thoughtful survey of major
issues, we are certain that students will be more engaged in the subject matter while con-
tinuing to increase their capacity for critical thinking. After all, economics is the business
of ordinary life, and it is time that we return to that subject matter in our Principles courses
(714).

This chapter discusses the role of sustainability in teaching economics, highlighting
the significance of the inclusion to the tangibility of introductorymicroeconomics and
macroeconomics. The focus of the discussion centers on a non-traditional elective
course, Economics of Sustainability, and a group life cycle assignment where the
assignment was specific to addressing a sustainability issue or improvement on the
campus of Northeastern University. The discussion provides an understanding of the
rationale for the assignment and raises awareness of the significance of stakeholder
participation and alignment in sustainability implementation (Breen 2010).

2 Inclusion of Sustainability in Economics

Consumption is a driver of trade and is also related to the perception of human needs
and wants relative to the environment. Our cultural orientation toward consumption
implicitly surfaces the perception of the human relationship with the environment
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as either one of symbiosis or dominion (Ehrlich and Goulder 2007; Ehrenfeld 2008;
Maxfield 2011; Sherman 1991).

Our present society builds on the systems established at settlement and it is evident
that the perception of the environment as a resource dominates economic thought.
It is embedded within our discussion of the production possibilities frontier (PPF)
and our economic policy focus, in that we seek to maximize production subject to
resource constraints at any given point in time. In the case of production this conforms
to policy, monetary and fiscal, that seeks to maintain or establish the economy at its

Fig. 1 Production
possibility frontier. Source
Venkatesan (2017)

Fig. 2 Life cycle of a
consumption product. Source
Venkatesan (2016)
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peak in business cycle terms or at its potential relative to the gross domestic product
(GDP) measure.

The underlying and guiding assumption of production and consumption decisions
is premised on the belief that individuals in an economy have insatiable desires to
consume. This assumption is reflected in the PPF when efficiency is defined as
any production combination found on the PPF line. On this line, the economy is
maximizing production relative to resource constraints. Combinations of agricultural
output along this can only be attained by allocating the resources in a way that
maximizes production. To the extent that the allocation of resources at a given point
in time considers intergenerational equity and threshold extraction rates consistent
with the prevention of resource depletion, and enables repopulation for renewable
resources, the trade-off decisions may or may not be consistent with sustainable
resource utilization. Further, to the extent that a society is taught or maintains the
social norm of satiation of needs relative to that of wants, the efficient allocation
of resources may not embody the maximum production related to the resources
available from a long-term perspective.

In Fig. 1, the PPF line labeled Z represents a society for which insatiable wants
have been embedded into the culture and the PPF represents themaximumproduction
possible in economy-given resource availability at a given point in time. This society
must rely on the identification of new resources and technology to enable future
consumption or an outward shift of the PPF over time. On the other hand, the society
depicted as operating on PPF A, while having the ability to attain PPF Z, would be
inconsistent with full resource utilization. Society A, though representing a society
that is guided by the cultural value of intergenerational equity and the satiation of
needs relative to the balance of environmental and social sustainability, would be
inefficient based on prevailing economic theory. The Z economy would consider A
to represent an inefficient use of resources if some resources were left idle.

The PPF line labeled Z represents the maximum production possible in an econ-
omy given resource availability at a given point in time; Z also corresponds to a
society for which insatiable wants have been embedded into the culture.

From a microeconomics perspective, consumption at the maximum production
level, which is depicted as the highest PPF attainable, is consistent with the assump-
tion of insatiable appetites to consume on the part of individual economic agents. On
an aggregate or macro level this then is consistent with GDP maximization. In both
cases an individual’s consumption is based on prices, which by their present market
determination exclude externalities. Prices based solely on consumption value signif-
icantly underprice production and waste stages of the product life cycle, promoting
unsustainable consumption levels relative to resource use.

As depicted in Fig. 2, along a product life cycle, each step of the life cyclemayhave
costs that are not captured in price becausefirmshaveno incentive to include costs that
they do not need to address, their focus is profit maximization (investor returns) and
individuals presently are assumed to be incentivized to maximize consumption sub-
ject to an income constraint—the lower the prices the more of their insatiable desire
to consume that can be fulfilled. Challenging standard assumptions in economics
relative to the sustainability of outcomes presently resulting from the institutional-
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ization of the same assumptions, provides the opportunity to introduce alternative
choices, assumptions and outcomes, prompting student discernment between social
construction of theories of behavior and decision-making exclusive of asymmetric
information. These elements became the foundation of a course offering, Economics
of Sustainability at Northeastern University in Boston, Massachusetts. The course
itself, mimicked the institutions’ stated commitment to sustainability and students
were guided through the curriculum and introduced to a methodology to assess an
aspect of institutional activity specific to its sustainability. The following sections,
provide a description of the course, the issues faced in the sustainability assessment,
the outcome of student reflection of the assignment, and specific to the latter a rec-
ommendation for the inclusion of stakeholder engagement in sustainability studies.

3 Economics of Sustainability

Economics is a social science that both influences and assesses the transformation of
values into tangible societal outcomes, inclusive of social and environmental justice
and economic equity. From this perspective, economics is a nexus in establishing
a cultural norm of sustainability (Castle et al. 1996). Economics of Sustainability
was designed to assist students’ experience with evaluating sustainability and the
impact of prevailing assumptions of market behavior, specifically as these relate to
the perceived value of resources and the broader ecosystem (Costanza and O’Neill
1996; Toman 1994; Rusinko 2010; Wilson 2001).

3.1 Background and Methodology

Economics of Sustainabilitywas offered as an elective without an economics founda-
tion prerequisite. Students enrolled in the course represented a variety of major and
minor concentrations and represented students in all stages of degree completion.
As part of the course offering, students were introduced to the economic concepts
of supply and demand and the implicit assumptions embedded in each: the profit
motivations of producers (supply) and the insatiable wants of consumers (demand).
Included in the discussion were the characteristics that define supply and demand,
such as, preferences and income on the part of the consumer, and resource access
and production capacity on the part of the producer. In addition, students were famil-
iarized with the concepts of marketed demand and consumerism to increase their
conscious awareness that consumption decisions may not reflect need or even wants
but manufactured wants stemming from marketing, advertising, and the media or
cultural values that promote consumption as a leisure activity. Students were then
provided with a framework for conducting a life cycle assessment (Venkatesan 2016)
and were introduced to process mapping. Within the first three weeks of the course
students were assigned to groups to determine a sustainability issue or solution spe-
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Table 1 Northeastern University and Sustainability

Across all dimensions of its mission, Northeastern embraces environmental sustainability as a
core value. This is driven by the fact that Northeastern is a university in tune with the
world—including the world’s greatest global challenges

Northeastern’s commitment to leadership in sustainability is manifest in all areas of operations:
in how we teach our students, in how we drive our research, and in how we operate our campus.
With nearly 200 courses that integrate sustainability, with expected research funding in excess of
$45 million this year, and with a pledge to reduce our carbon footprint by 80% before 2050,
Northeastern’s pursuit of a sustainable future is relentless

Source Northeastern University (2014)

cific to the Northeastern University campus. The alignment to the University was
purposeful given the University’s stated commitment to sustainability (see Table 1),
it was expected that this integration would be a beneficial plan for students, admin-
istrators and other stakeholder groups. Projects included assessment of water usage,
vending machine power saving, establishment of a resale store, food waste, evalu-
ation of current coffee cup use, disposal, and alternatives, and use of hand dryers
relative to paper products. Through the use of elementary life cycle analysis, students
evaluated externalities and the environmental, human, and financial cost impact of
current operations relative to their proposed changes. The evaluation was both qual-
itative and quantitative in nature and involved use of surveys and communication
with external resources (e.g. vendors, consultants, university facilities).

Given that all projects were related to observable university operations, the facil-
ities department of the university was contacted by the course instructor and appro-
priate personnel within the facilities organization were determined by the Vice Pres-
ident of facilities and her staff based on shared student project descriptions. The
expectation in the providing appropriate contact was principally to increase timely
response to student data requests and operational questions. However, the premise
of the implementation of the communication channel was that facilities’ personnel
would be accessible and willing to assist given the alignment of student projects to
the universities stated mission and core values.

Students were expected to assess the quantitative and qualitative life cycle cost of
their project and evaluate the sustainability of recommendations relative to present
operations. Sustainability of the project was assessed largely from evaluating exter-
nalities. The group project entailed three parts: outside class research and qualitative
assessment of the environmental, social and health impact of the proposed project; in
class discussion and presentation of the group’s findings; and recommendation and
a reflection paper, which addressed questions specific to the set learning outcome
objectives (see Appendix 1).

The life cycle assessment included addressing the life cycle impact of the envi-
ronmental, social and health impact from production to consumption to waste. Given
the duration and introductory nature of this assignment, student evaluation of the life
cycle impact was limited to the health impact, water footprint, and carbon footprint.
Students were also provided with an Assessment Table to assist in facilitating their
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qualitative assessment of these factors (see Appendix 2). As in the case of all the
assessments and as stated earlier, given the short duration of the assignment, students
were not expected to quantify the health and environmental costs but instead used
qualitative evaluation based on their research to assess the adverse impact related to
the three areas of assessment: health impact, water footprint, and carbon footprint.

The reflection paper of the assignment provided students with the ability to evalu-
ate their own decision-making pre- and post-assignment specific to their project and
to assess the strengths and weaknesses in the life cycle evaluation process.

3.2 Results

The reflection paper was limited to a length of three to five pages and students
were directed to use APA style to format their documents, including citations and
references. Additionally, grading was dependent, as noted in the assignment rubric
(Appendix 3), on the quality of a student’s response to the questions accompanying
the life cycle project (see above; or Appendix 3).

From the student responses and as these relate to forming a culture of sustain-
ability, the outcome of the assignment increased overall student awareness of exter-
nalities involved in their consumption decisions. However, another consistent theme
throughout the presentations and reflection reporting was the disconnect between the
university’s externally stated commitment to sustainability and its facilities’ oper-
ations data collection and interest in fostering sustainability. This aspect surfaced
an alignment issue (Godschalk and Howes 2012). Employees were not incentivized
to promoting sustainability and to the extent that sustainability projects originated
from the student body, the transient nature of the students limited the traction of their
initiatives. Additionally, data was not disaggregated or accessible making assess-
ment of the cost benefit of a sustainability project challenging. Students used proxies
available from other institutions in many case and relied on inference and conjecture.

There were eight projects involving a total of 38 students. The following is the
reflection of a student who participated in a food waste assessment project.

My group focused on compositing – a method to address the growing issue of food waste –
on campus. Northeastern University proudly advertises its composting efforts in dining halls
and various other on campus eateries.

Our project focused primarily on food waste in the university’s most popular dining hall,
evaluating the sustainability of its disposal. The study included an economic analysis of
composting and followed the life cycle of foodwaste from the dining hall to its final disposal.
When analyzing Northeastern University’s existing food disposal system, we looked at the
holistic impact of food waste, because we believed its pledge of sustainability should not
stop once waste is removed from campus. We believed that understanding the entire process
could help improve current disposal methods and expand on-campus composting education
to help the university reach its sustainability goals.

While trying to find proof of Northeastern University’s commitment to composting and
reducing waste, my group ran into a problem: there was scarce information published by
the university on this subject. It seemed that the dining hall services department was either
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not monitoring this data or the simply keeping it confidential. This urged us to contact
the staff of Northeastern University’s Dining Hall Services. Our questions concerning the
university’s sustainability goals and how they were being met were answered with vague
replies or referrals to other staff members and external organizations. It was evident that
Dining Hall Services did not prioritize its sustainability goals. To them, composting was a
way of meeting a mandatory state-wide regulation. All we got out of that meeting was the
name of one of the food disposal firm that Northeastern University had hired.

Throughout our research we were met with further obstacles similar to this. This opened my
eyes to the lack of transparency institutions like Northeastern University have when it comes
to their operations. It was disappointing to discover that our university was greenwashing.

By providing me with this hand-on investigation into the sustainability practices (or lack
thereof) at my university, I discovered the problems our society and environment face today.
The course made me realize that economics and sustainability need to be fully integrated to
work.

All of the eight project groups reported a similar issue with respect to obtaining
assistance and information from the university. In many cases, students stated that no
reply communicationwasprovided to themafter emailing andcalling their designated
facilities’ contact person.

3.3 Life Cycle Assessment as an Integrated Learning Tool

The life cycle assignment as described, provided students with an ability to evaluate
economic assumptions with respect to the relationship between assumptions and the
prevailing economic framework, as well as the significance of consumption via a
culture of consumerism with respect to economic outcomes. The most significant
component of the exercise was in establishing the relationship between consumption
decisions and sustainable outcomes, essentially introducing to students the respon-
sibility inherent in consumption. From the reflection papers, all students recognized
they had an ability to contribute to sustainable outcomes and all students stated that
they would be more conscious of their consumption choices and their impact on the
sustainability of the planet.

The assignment was designed with an expectation of making the course material
more relevant to student interests by challenging assumptions of behavior to increase
student critical thinking and thereby evolve individual assessment of values. The
outcome of the class promoted the anticipated awareness and from the perspective
of course objectives and assignment learnings outcomes was a success. However,
given the single course focus on sustainability relative to the entirety of a collegiate
degree program, the traction of the awareness of students may be short-lived rather
than habit forming (Redman 2013). From this perspective, it is highly recommended
that collegiate institutions adopt sustainability values within, at minimum, all core
or required course work to ensure that students are at minimum being engaged
in more than one classroom setting. Additionally, university facilities should also
be aligned to sustainable outcomes (Newman 2007; Ralph and Stubbs 2014). This
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attribution promotes alignment to sustainability fromboth active learning and passive
engagement.

4 Concluding Comments and Next Steps

The curriculum exercises shared provide a significant step forward with respect to
the explicit introduction of sustainability through the creation of a dedicated course,
Economics of Sustainability. The results obtained were consistent with expectations;
by increasing student awareness of the interconnectivity between consumption, pro-
duction, growth, and sustainability, students became better informed with respect
to the significance of assessment and alignment of stakeholder groups in fostering
sustainable economic outcomes. However, an unanticipated outcome and learning
experience for the students was specific to the alignment of operations with a stated
goal. The discussion of stakeholder incentives and alignment was not an explicit or
informal aspect of the course objectives and presented an opportunity to discuss the
obstacles and challenges to project implementation. Recommendations for next steps
in this replicable assignment framework would be to integrate stakeholder communi-
cation and evaluation of stakeholder groups and their alignment and incentivization
to a stated university sustainability goal.

Appendix 1: Course Learning Outcomes and Assignment
Prompts

Course Learning Outcomes (LO):

(LO1): Students will be able to state the relationship between culture specific to
(individual) moral values and (societal) ethics and economic outcomes and will
understand the significance of intergenerational social construction as it relates to
existing economic systems and thought.
(LO2): Students will understand the evolution of economic thought and the influence
of economic assumptions on consumption and production behavior, inclusive of
ethics.
(LO3): Students will understand the significance of the attribution of “rational” to
economic agent behavior and the importance of economic literacy in the attainment
of rational behavior.
(LO4): Students will be able to identify externalities and identify the mechanics of
market failure as they relate to sustainability.
(LO5): Students will be able to define sustainability in relation to economic sys-
tems. Students will also be able to discuss the concept of sustainability from the
perspective of conscious consumption and will be able to appreciate how values
fundamentally determine economic outcomes.
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Additionally,

• The course will provide a foundation for further study in economics, as well as,
an understanding of behavioral finance and public policy as they relate to the
discipline of economics.

• The course will provide students with an ability to evaluate the significance of
assumptions of behavior and how these assumptions are self-promoting and may
be augmented to further sustainable outcomes.

Appendix 2: Assessment Table

Students are requested to populate the table below using a scale of 1 (minimal) to
3 (significant) where scoring is based on justifiable evaluation of the impact of the
beverage on the stated category and impact grouping. For example, if the beverage
uses 10 gallons of water in the production of an ounce, you may view this as a 3
for the category production and impact grouping water footprint. The table will be
used in the in-class group discussion and should be attached to the student reflection
essay.

Project name Water footprint Carbon
footprint

Human health
impact

Natural resource
impact

Production

Distribution
detail impacts
specific to the
distribution of
the final good

Consumption
detail impacts
from the point of
consumer
purchase to
disposal

Disposal detail
impacts from the
point of waste
disposal; waste
incineration or
landfill; impact
of packaging
disposal-impact
of recycling
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Appendix 3: Assignment Learning Outcomes—Instructor
Evaluation

The rubric provided below is to be used in evaluating the student reflection essay.
All categories are tied to the stated learning outcomes of the assignment.

Learning outcome Excellent
Score: 4

Good
Score: 3

Average
Score: 2

Poor
Score: 1

Recognize
externalities
incurred in the
production of a
product and relate
these to the price
paid for the product

Question the
sustainability of
consumption
choices through a
life cycle evaluation
that includes
production,
distribution,
consumption and
waste

Explain the
consumer’s role in
promoting a
sustainable
economic outcome

Articulate the
potential for
inconsistency
between incentives
for the producer
relative to the
consumer
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Abstract The University of São Paulo Resolution (USP-Nº 7465-11-01-2018) has
establishedUSP’s Environmental Policy. Its implementation in all campuses has been
achieved through the development of the Environmental Master Plan (EMP), along
with the university community. In 2017, USP Pirassununga and Ribeirão Preto, both
located in São Paulo state, have given rise to the EMP initial ideas by organizing
working groups (WG’s) covering several topics. All the WG’s are protected by the
resolution and are also responsible for: describing the campuses specificities; defin-
ing the general goals; elaborating local indicators and procedures for future moni-
toring; developing governance and management models; monitoring, evaluating and
reviewing the plan. USP Pirassununga campus is 2300 rural-orientated hectares,
offering livestock, veterinary medicine and engineering degrees. On the other hand,
in Ribeirão Preto there are 8 teaching unities that offer healthcare science, law, eco-
nomics and financial science, natural and exact sciences, teaching training and music
production degrees. There are around 200 people involved with the WG’s in Piras-
sununga and in Ribeirão Preto, and full professors, executive technician employees
and students being the principal members. It is expected that the development of the
EMP helps to improve USP sustainability issues.
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1 Introduction

When checking for “Master Plan” definitions, the most common results associated
with the terminology refer to reflections and applications within the Brazilian con-
temporary urban planning and urban politics. Article 182 of the Brazilian Federal
Constitution, 1988, in the chapter named Urban Politics, establishes the requirement
for Brazilian cities over twenty thousand habitants to approve in their chambers the
Master Plan as a basic instrument of policy development and urban expansion. Its
main goals are to organize the full development of the city’s social functions and to
secure the well-being of the habitants (Brasil 1988). A Master Plan is a management
mechanism or even contemporary utopias for the Brazilian urban issue (Ultramari
and Rezende 2008).

The Federal Law 10.257/2001, also known as the City Statute, regulates the Mas-
ter Plans. It has been established as compulsory that the Plan must consider the city’s
territory as a whole, being reviewed at least every ten years and having its guidelines
and priorities considered in the budget guidelines, annual budgets and multiannual
plans of the City Halls. Furthermore, it has also being determined that the executive
and legislative powersmust work alongside to ensure access to information, publicity
and the promotion of public hearings and debates with citizens and representative
associations of the community’s several segments (Brasil 2001). The idea of commu-
nity participation becomes, therefore, a procedural formality in the implementation,
diffusion and inspection of actions and propositions in a Master Plan, receiving the
participatory adjective.

There are several examples of Brazilian governmental efforts towards Master
Plans implementation. Different sources of ministerial funding (Cities, Tourism,
Culture, Science and Technology, Treasure, National Integration and the Environ-
ment) are supported by Funds such as the Environmental National Fund, specific
Programs as the Monumenta, regarding cities with sites protected as historical her-
itage or the Councils such as the Brazilian National Research Council—CNPq, and
finally, support the diffusion of methodologies, capacity building of local teams and
activities to promote debates concerning Participatory Master Plans (Ultramari and
Rezende 2008). Therefore, universities, especially the public ones play an impor-
tant role in the formulation and implementation of public policies on sustainability,
besides forming individuals capable of acting and actives on sustainable practices
(IARU 2014; Mandai and da Rocha Brando 2018). The sustainability on university
campus has overcome several fronts, such as infrastructure, environmental education,
public policies, operational issues (e.g. energetic, hydric and waste, green area and
transport management) promoting the community involvement and the use of less
aggressive technologies (Brinkhurst et al. 2011; Suwartha and Sari 2013; Mandai
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and da Rocha Brando 2018), being the equality and social justice also a constant
concern (Alshuwaikhat and Abubakar 2008).

An initial research on how sustainability has been incorporated in public univer-
sities in different contexts has been established by the analysis of two universities,
University of São Paulo (USP) and University of Copenhagen (Mandai and da Rocha
Brando 2018). Divergencies and convergences have been analyzed considering the
context and particularities of each university, such as the sustainability offices actua-
tion, the biodiversity protection strategies, environmental education, waste manage-
ment, and the sustainability network (Mandai and da Rocha Brando 2018). Addi-
tionally to the universities own initiatives, a slightly significant external pressure has
also been presented that strongly influences its strategies as university (e.g. Mandai
and da Rocha Brando 2018), the countries’ or cities’ regulations. For example, since
1988, when the Federal Constitution was established, the University of São Paulo
(USP) has been developingMaster Plans for its campuses and also for organs, specific
areas and TeachingUnits. In the catalog ofMaster Plans organized by the Superinten-
dence of Physical Space (SPS/USP) are listed thirty-six documents, which vary from
both form and type of content as well as the nomenclatures adopted. The denomi-
nations appear as Physical Master Plan, Participatory Socio-Environmental Master
Plan, Environmental Plan, Expansion Master Plan, Physical Development Master
Plan and Master Physical Plan. As for forms and contents, diversity appears for both
volumes and contents addressed.

On the other hand, the opposite can also occur when universities with living labs
contribute as base to the public management. The laboratories can be considered as
a mean to know the world since the living labs approach allows the redefinition of
experimenting and innovating (Evans and Karvonen 2011). There are two main per-
spectives, firstly considering it as an environment, infrastructure, arena and secondly,
as a methodology for a collaborative experimentation approach (Bergvall-Kåreborn
et al. 2009; Schliwa 2013).

The concept involves the organization of intentional experiments in a real-world
scenario where they are being monitored, which allows the researches to analyze the
results (Voytenko et al. 2016). Moreover, it is still possible to be characterized as
an experimental way to lead, in which the interested parts involved develop and test
new technologies and lifestyle in order to face challenges in climatic changes and
urban sustainability (Evans et al. 2015).

Under this perspective, it is possible to say that the Superintendence of Environ-
mental Affairs (SEA/USP), since its creation in 2012, has been working with the
University’s environmental quality, promoting it as a living lab. USP’s Environmen-
tal Policy was signed on the 11th of January 2018, through the Resolution 7465 (USP
2018), with the objective of conducting and providing legitimacy to sustainability
actions within the University, concerning preservation, conservation and the ratio-
nal use of natural resources. The addressed topics are Green Areas and Ecological
Reserves; Mobility; Emissions of Greenhouse Gases and Pollutants; Environmental
Education; Fauna; Water and Effluents; Sustainable Buildings; Solid Waste; Energy;
Territorial Use and Occupation; and Management.
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One of the Environmental Policy’s tools are the Environmental Master Plans
(EMPs), within the campuses, can be understood as:

governance instrument composed by thematic chapters, which aims at the environmental
sustainability of campuses; with planning of the territory’s use, future planning and com-
pliance with the legislation, that should be elaborated in each USP campus and developed
based on the Environmental Policy and Environmental Master Plan of USP’s documents
(USP 2018).

USP’s Environmental Policy has been also applied through practical projects
called Pilot Projects (PP), that are developed in partnership with City Halls, Unities
and University Laboratories seeking for models that can be replicable.

The proposed work contribution gives rise to campuses environmental manage-
ment tools by the means of both EMPs and PP practical implementation, developed
with the SEA/USP support. Thus, each campus must establish on its documents the
local priorities in agreement with the minimum content described in the USP’s EP.

The main goal of this study is to present the more important actions that had been
taken to implement the EP at USP, considering the University sustainability. There-
fore, the relevance of this study is the several strategies on the EMPs developments
that will be presented, respecting each campus specificities being both located in São
Paulo state, Pirassununga and Ribeirão Preto, respectively.

2 Materials and Methods

USPholds approximately 50 thousand students, 5855 thousandprofessors and13,783
thousand technical and administrative staff in addition to 8 campuses distributed in
de Bauru, Lorena, Piracicaba, Pirassununga, Ribeirão Preto, Santos, São Carlos and
São Paulo, besides Teaching Units, Museums and Research Centers in different
places. The University is financially supported by the São Paulo government and it is
affiliated to the Economic Development, Science, Technology and Innovation State
Secretariat.

USP’s EP development started in September 2014 being composed by eleven
Working Groups (WGs) composed by professors, technical and administrative staff,
and undergraduate and postgraduated students from different USP Unities. With the
EP/USP publication in January 2018 the work on EMPs development has started on
campuses. The first action took place after the implementation of the Environmental
Management Technical Commissions (EMTC).

According to EP/USP, EMTC is composed by representatives of the Environmen-
tal Policy’s eleven thematic areas, SEA/USP, SPS/USP, undergraduate student and
postgraduate student representatives. Its first objective is to elaborate the campus’s
EMP, instrument of application and execution of the Environmental Policy.

The EMTC’s mission is to (USP 2018):



University of São Paulo Environmental Policy: Master Plan … 77

(I) Prepare and monitor the campus’s Environmental Master Plan;
(II) Review theEnvironmentalMaster Plan every eight years, or at shorter intervals,

as long as the need is justified;
(III) Keep updated and available complete information on the Plan’s implementa-

tion and operation;
(IV) Prepare annual activities reports to be submitted to USP’s Superintendence of

Environmental Affairs for evaluation and dissemination;
(V) Assisting on local environmental problems.

In agreement with USP’s Environmental Policy (USP 2018), each thematic area
representative, EMTCmember, should create and coordinate aWG to take part on the
elaboration and evaluation of the chapters that will be part of the EMP. Additionally
to the EP/USP implementation through the EMPs, in 2016 the PPs were started.

2.1 Pirassununga Campus

The Pirassununga USP campus is at 120 miles distance from the capital São Paulo.
It is the largest in contiguous area and also in ecological reserve area, 2300 ha and
37.67% of the total campus area, respectively. It houses undergraduate courses in
Zootechny, Food Engineering, Biosystems Engineering and, Veterinary Medicine.

In 2017, the EMTC was created on Pirassununga campus being composed of
teachers as well as technical and administrative staff and organized by themes pro-
posed in the Environmental Policy, with the purpose of coordinating the Working
Groups (WGs) in order to elaborate and implement the EMP. In August of the
same year the work started being organized in eight WGs, which were: 1—wa-
ters and effluents; 2—waste; 3—sustainable buildings, land use and occupation,
mobility; 4—green areas, ecological reserves and fauna management; 5—adminis-
tration; 6—environmental education; 7—emissions of greenhouse gases and pollu-
tants; 8—energy.

The development of the WGs followed the participatory approach. Therefore,
invitations were sent online to all internal community.

The work first started through surveys and critical analysis on the current situation
of the topics addressed. The WGs held meetings in order to discuss work activities
and schedules, interviews, mappings, infrastructure visits, among others.

During the surveys, it was noticed that important information to conclude the
diagnosis was missing. In response to that, an online questionnaire was created with
specific questions and shared on Google Forms.

Additionally, parallel to the EMP elaboration activities, Pilot Projects are being
implemented and financially supported by SEA, on the themes of fauna, mobility
and effluents.
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2.2 Ribeirão Preto Campus

The campus of Ribeirão Preto is located 313 km away from the capital. Its first build-
ings are from the decade of 1940 on the former Monte Alegre Farm. Currently, the
campus comprises an internal community of over one thousand eight hundred tech-
nical and administrative staff, almost one thousand professors and around fourteen
thousand students. There are 8 Teaching Units (Faculty of Pharmaceutical Sciences,
Law School, Faculty of Economics, Management and Accounting, Faculty of Phys-
ical Education and Sports, Faculty of Nursing, Faculty of Philosophy, Sciences and
Letters, Faculty ofMedicine and Faculty of Dentistry) with 27 undergraduate courses
and a variety of postgraduate programs, among other Units, such as theClinical Hos-
pital, the Blood Center and the Coffee Museum. Out of the 586 ha of its total area,
a large part consists of green areas, and about 29% is regulated as USP Ecological
Reserves, an initiative of SEA/USP.

In 2017, as part of the USP’s Environmental Policy, the EMTC in Ribeirão Preto
was created in the interest of being responsible for the campus’s EMP elaboration,
whichproposes anupdate of the 2007Environmental Plan and the 2008Physical Plan.
The names that compose this commissionwere indicated by theManagementCouncil
through a list organized by SEA/USP consisting of the members from the Working
Groups on campus involved in drafting and elaborating the USP’s Environmental
Policy, thus protecting the memory of this process.

The EMTC’s Meeting of Introduction was held on March 31st, 2017 on Ribeirão
Preto campus, and it was qualified of its members to indicate the Coordinator and
Vice Coordinator. The meetings are held monthly.

SomePilot Projects have been implemented and are in progress on campus, having
received financial support fromSEA/USP and articulating the themes of GreenAreas
and Ecological Reserves; Water and Effluents; and Solid Waste.

3 Results

The results presented are part of the development of EMPs and Pilot Projects. Activ-
ities are still in progress.

1. Pirassununga Campus

The initial adhesion to take part in the WGs after consulting the internal community,
reached the number of 123 participants distributed in different themes and categories,
as presented in Table 1.

The student’s involvement has presented greater when compared to the professors
and technical and administrative staffs, mainly in topics that involve technological
solutions for appropriation, such as Water and Effluents, Emissions of Greenhouse
Gases and Pollutant Gases and Waste, as well as Fauna Management, being the
latter represented mainly by the Zootechny and Veterinary Medicine undergraduate
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Table 1 Participation in the
WGs for the development of
Pirassununga campus’s EMP,
in the following categories:
professor (P), technical and
administrative staff (TAS) and
student (S). Personal source

Working
group

Category Number by
category

Total number
of participants

WE P 4 18

TAS 2

S 12

W P 1 17

TAS 7

S 9

SB, TUO, M P 1 21

TAS 12

S 8

FM, GAER P 5 23

TAS 4

S 14

M P 2 17

TAS 7

S 8

EE P 1 11

TAS 6

S 4

EGPG P 1 10

TAS –

S 9

E P 2 6

TAS –

S 4

WE Water and Effluents,W Waste,SB Sustainable Buildings,TUO
Territory Use and Occupation,M Mobility,FM Fauna Manage-
ment,GAER Green Areas and Ecological Reserves,M Manage-
ment,EE Environmental Education,EGPG Emission of Green-
house and Pollutant Gases,E Energy

courses. On the other hand, concerning the Sustainable Buildings, Territorial Use
and, Occupancy and Mobility topics, the greatest adhesion comes from the technical
and administrative staff, as it involves campus infrastructure issues (Table 1). The
greatest WGs challenge is to maintain the participation of their members, especially
of the students since their permanence is conditioned to the conclusion of the course.

All data acquired, as well as meetings’ memories, referrals and photographic
material are stored and shared on Tidia AE Platform version 4.0, organized by WGs
folders in order to facilitate information access.
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Fig. 1 WGs meetings on Pirassununga campus for the EMP’s development. Personal source

Table 2 Part of the solid waste of Pirassununga campus’s inventory. Personal source

Waste type Quantity generated (tons/year) Destination

Chemical and biological 23.3 Third-party company

Computing 163 Social Project-Recicratesc

Agropastoral 1103 Pet food; composting; crops,
fertilization and pastures

Below are presented the main actions carried out to compose the diagnosis of the
current situation on Pirassununga campus (Fig. 1).

(a) Maps’ Elaboration

In order to better understand the physical space and activities carried out on Pirassu-
nunga campus, maps were elaborated using Google Earth, and correlated to infras-
tructure networks (sanitation, water, data, energy, bicycle routes, road system); use
and occupation of land (land use, gardens/lawns); reserves and legal registers (USP
reserves (Fig. 2), INCRA statement); geographic conditions (slopes, land use apti-
tude) and built areas (building register, cultural interest, meeting places and classes).

(b) Solid Waste Inventory

Initially, the Waste topic was divided into subgroups according to the discrimi-
nation of waste held on campus, which are recyclables; chemical and biological;
agropastoral and; electronics and automotive. The waste inventory was built through
telephone and e-mail contacts as well as face-to-face meetings, in order to obtain
information such as quantity, generating location and waste destination (Table 2).
The complete survey was satisfactory regarding the control and destination of most
of the waste generated on campus, the next steps are the classification of this waste
and the definition of guidelines and targets for reduction, reuse and recycling.

(c) Online questionnaire

An online questionnairewas created usingGoogle Formswith the purpose of answer-
ing questions of points not yet diagnosed in the different topics.
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Fig. 2 Pirassununga campus map, with points that define the limits of the ecological reserves.
Source Google Earth

From all completed questionnaires, the time taken to answer all the questions
was evaluated by selecting some employees and students to answer it. Therefore,
the questionnaire was released on the community USP e-mail on May 4th, 2018 for
3 weeks. The reached audience was very satisfactory (sample of 252 people), which
was equivalent to 10% of the entire Pirassununga campus community, including
professors, administrative staff, and undergraduate and postgraduate students.

3.1 Pilot Projects on Pirassununga Campus

(a) Qualitative survey of small vertebrates’ fauna on Pirassununga Campus

Pirassununga campus is an important refuge spot for forest wildlife animals (Fig. 3),
being occupied by a transition zone between two important Brazilian biomes, the
Cerrado and the Atlantic Forest. In this area there is a large number of wildlife forest
species in a fairly devastated region, showing the importance of the conservation of
its flora as a source of food, nesting and, refuge for the diversity maintenance.

The project aims to, firstly, implement monitoring tools for wild species, raising
information on biodiversity and its areas of greatest occurrence, secondly, carry out
monitoring campaigns to verify the impacts caused by transportation on major roads
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Fig. 3 Wildlife forest species animals identified on Pirassununga campus. Source Rodrigo Pereira

Fig. 4 Project “Let’s go by bike”, Pirassununga campus. Source http://ambiental.puspfc.usp.br/

and streets on campus, as well as in its surroundings and, finally, compare parameters
of species richness, abundance and diversity in the vicinity areas.

(b) “VAMOS DE BIKE” (“Let’s go by bike”), at the Pirassununga campus

Pirassununga campus comprises a 2269 ha extension. Considering the mobility of
its internal community with zero greenhouse gas emission, a bicycle sharing station
called “Let’s go by bike” (Fig. 4) was implemented composed of 30 units. The
bicycles are available to rent on an electronic system, that is also responsible for the
loans’ online management. The sharing station is located at the main entrance of the
campus with direct access to the bike path, which leads to the main departments of
the University. The bicycles are equipped with gears, rear view mirror, basket, front
and rear reflectors, and padlock for safety during use.

Thebicyclesmaintenance is performedweeklyby the responsible team inspection,
as well as from the users’ feedback on the electronic management system.

(c) Pig Waste Farming Biodigestor

Pirassununga campus presents a swine breeding facility in its production area. The
treatment of the effluent originated from pigs is being treated using an anaerobic

http://ambiental.puspfc.usp.br/


University of São Paulo Environmental Policy: Master Plan … 83

Fig. 5 Ribeirão Preto campus map with points that define the limits of ecological reserves.
Source Google Earth

system by a “Canadian” type Biodigestor and, the stored biogas will be used for
electricity generation of the swine farm itself. The treated effluents will be applied
in the formation of pasture fertigation.

2. Ribeirão Preto Campus

TheUSP campus inRibeirãoPreto comprises an extensive area andmaintains a robust
physical and human structure. It also includes ecological reserve areas that represent
significant green areas extension for the city of Ribeirão Preto. These characteristics
imply establishing certain guidelines and principles through the EMP. These prin-
ciples and guidelines were initially implemented in the 2007 Environmental Plan
written by the former Campus Environment Commission and collaborators, a result
of the expertise of Commission members and their discussions. The Plan follows the
Brazilian Environmental Policy and incorporates the objectives and guidelines of the
National Environmental Policy (Law 6938/81) (Fig. 5).

Considering that the EMTC, that was responsible for the campus EMP develop-
ment, aims to update the 2007 Environmental Plan and the 2008 Physical Plan in
order to assist this process, several internal communication strategies and tools have
been implemented, seeking to facilitate the communication between WGs, as well
as external community dissemination.
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Fig. 6 Photographic record of the 4th EMTC Meeting on Ribeirão Preto campus. Personal source

(a) Communication at the EMTC and in the WGs on Campus

At EMTC meetings, minutes are produced and the format of this document, agreed
by the committee, has been adapted to a summary format following the model of the
Pirassununga campus, which contains pertinent information to update the progress
of the activities performed. Thus, the long minutes were replaced by a more direct
and objective text, which punctuates the referrals, those who are responsible for it
and the demands discussed and triggered in the process deadlines. As required by
each meeting, the collegiate secretary, together with the support team composed of
students, interns and trainees, keep constant contacts by both e-mail and telephone,
with those responsible for the WGs for updating and information diffusion on group
developments (Fig. 6).

In order to create theWorking Groups that deal with USP’s Environmental Policy
topics, a poster was drawn up to call for participants. The publicity was made by
e-mail and the printed poster was distributed and displayed in strategic points of the
units on the campus. This work was carried out with the SEA trainee students help
during the second semester of 2017. There are currently 154 participants discussing
the different themes of USP’s Environmental Policy on campus (Table 3).

Simultaneously, there was the creation of a collective platform on USP Moo-
dle (STOA e-disciplines). The platform can be accessed by members of the WGs
enrolled on USP’s Moodle System, where names and e-mails of all members,
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Table 3 Participation on
WGs for the Ribeirão Preto
EMP development in the
following categories
professor (P), technical and
administrative staff (TAS),
external community (EC) and
student (S). Personal source

Working
group

Category Number by
category

Total number
of participants

WE P 2 22

TAS 10

S 6

W P 4 43

TAS 20

EC 1

S 17

SB, TUO, M P 1 8

TAS 2

S 5

FM, GAER P 9 40

TAS 8

EC 2

S 21

M P 5 14

TAS 5

S 4

EE P 2 22

TAS 10

S 10

EGPG P 2 5

TAS 0

S 3

E P 1 8

TAS 4

S 3

WE Water and Effluents,W Waste,SB Sustainable Buildings,TUO
Territory Use and Occupation,M Mobility,FM Fauna Manage-
ment,GAER Green Areas and Ecological Reserves,M Manage-
ment,EE Environmental Education,EGPG Emission of Green-
house and Pollutant Gases,E Energy
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environmental policy documents, general campus blueprint and materials indicated
by each coordinator can be found. In addition, there is room for discussion forums.
Tabs for each area were created for sharing relevant documents so that both EMTC
and WG members could have access to this information. The Moodle tool is still in
the familiarization process, but it has shown an excellent alternative for information
sharing, updates, and dialogues among the WGs.

(b) Creation of the “Ambiental em Foco” (Environment in Focus) website and
“Mantendo os GTs conectados” (Keeping the WGs connected) informative
newsletters

Through a curricular internship under the theme Environmental Communication and
Dissemination, students from the Biological Sciences course of the Department of
Biology developed an open proposal to inform, interact and reflect on themes related
to the environment, with emphasis on sustainability, management and environmental
education, on the website “Environment in Focus” since August 2017.

Trying to bring campus’s students closer to environmental activities, environmen-
tal management information (internal and external), actions, proposals and events
related to the environment and sustainability are intercalated with the History and
Environmental Memory of the Campus, highlighting those who participated and
participate in the construction and insertion of the environmental theme at USP in
Ribeirão Preto.

The newsletters provide information on the referrals and WGs work and can be
accessed by all interested parts on the webpage. Using the interviews carried out by
the “Environment in Focus” interns with the coordinators of the WGs, synopsizes
were made on the activities carried out by the respective WG and the working plan.
The focus is on updating the discussions in each WG (Fig. 7).

3.2 Pilot Projects on Ribeirão Preto Campus

(a) In vivo genetic diversity data bank

Brazil is responsible for a great biodiversity patrimony and, in order to protect all
this patrimony, the USP Forest Genetic Bank of Ribeirão Preto was created, that
contains a genetic collection of species of the region capable of providing seeds
and seedlings with high genetic variability. Ribeirão Preto USP campus covers soil
typical of seasonal semideciduous forest areas occupied in a diversified manner and
intensely subjected to environmental impacts inherent to its location and occupation
history. For the implementation of this Genetic Bank, 45 native species of the Pardo
River and Mogi-Guaçu were selected, whose seeds were collected from 75 parent
trees per species, resulting in a unique genetic diversity in Brazil. Subsequently, these
seeds were planted, giving rise to the Genetic Bank in situ, which can also be called
in vivo.
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Fig. 7 Website and informative newsletters pages “Environment in Focus” and “Keeping the WGs
connected” (n.2—07.11.2017), respectively. Personal source

Currently, the process of restoration and revitalization of the area has been ini-
tiated by means of a project, in partnership and collaboration with Ribeirão Preto
campus Administrative Hall and the Biology Department of the Faculty of Philoso-
phy, Sciences and Letters. The management proposal of the in vivo genetic diversity
bank of the seasonal semideciduous mesophyll forest involves academic-scientific
activities and university extension in the sense of encouraging scientific and didactic
activities with the internal and external university community (Figs. 8 and 9).

(b) Digital Radiography in the Faculty of Dentistry

The proposed project seeks to implement at the Dentistry Faculty of Ribeirão Preto,
São Paulo and Bauru the routine of digital radiography due to a joint initiative with
SEA/USP, after technical visits followed by professors of the area, technical and
administrative staff, and advisory services of the SEA. It aims to reduce the dose
of radiation exposure of patients, professors, technical and administrative staff and
undergraduate and postgraduate students avoiding the use of radiographic films and
radiographic chemical processing. It has the potential to serve as a model for other
institutions, as well as the proposal of public policy for the area.

3. Advances and Challenges

The PA/USP implementation has been the main action towards a Sustainable Cam-
pus. The eleven topics addressed have the sustainability in focus from financial man-
agement resources, habitation quality and mobility to energetic efficiency, hydric
resources conservation, waste management and, fauna and flora conservation issues,
considering each campuses own need. The environmental education is a transversal
cross way in all topics.
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Fig. 8 Areas of reforestation and of the in vivo bank of genetic diversity. Fonte Google Earth
adapted

Fig. 9 Technical visit at the Faculty of Dentistry of Ribeirão Preto. Personal source
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The way the work has been carried out in both CTGA and WGs has contributed
to the implementation of participative actions in the university community. There-
fore, the main challenges presented in this study are (i) attract people with technical
expertise on the topics discussed due to the workload; (ii) maintain the participants
motivation in WGs since it is a volunteering work; (iii) rise visibility to management
and governance strategies bearing in mind the internal and external University com-
munication means; (iv) execute the EMPs and PP considering the current economic
scenario.

4 Conclusion

The University of São Paulo (USP) has many campuses, distributed in the State of
São Paulo (São Paulo capital, Ribeirão Preto, Piracicaba, SãoCarlos, Santos, Pirassu-
nunga, Bauru and Lorena) as well as teaching units, museums and research centers in
other locations. The University has developed several actions aiming environmental
sustainability on its campuses, thus the Superintendence of Environmental Affairs
(SEA/USP) has developed and supported institutional strategies. USP’s Environmen-
tal Policy (EP) have leaded the Environmental Master Plans (EMPs) as tools for the
environmental management of the campuses on the light of local priorities.

USP’s EP in a coordinated way has come to organize and orientate the envi-
ronmental sustainability issues at University of São Paulo. The EMP is an important
EP/USP tool in order to implement the addressed topics, such as green areas and eco-
logical reserves, mobility; greenhouse emission and pollutant gases; environmental
education; fauna; water and effluents; sustainable buildings; solidwaste; energy; land
uses and occupation; and, management, considering each campus specificity.

The Pilot Projects (PP) comprise the actions, in order to enable practical experi-
ences to be replicated in different places and unities at USP.

The initial EMP work in both campuses Pirassununga and Ribeirão Preto started
in the second semester of 2017 with the WGs on different topics. Initially, 200 par-
ticipants applied in both campuses. The main activities were related to the current
diagnosis of both campuses by means of meetings, interviews, online surveys, min-
utes, map development, among other strategies. The results are leading the goals and
guidelines to be accomplished by EP/USP.

The practical experimentation of sustainable actions through the PP approached
on Pirassununga campus the following topics: fauna, mobility and waste treatment.
On the other hand, inRibeirão Preto the PP addressedwere green areas and ecological
reserves as well as the management of radioactive waste.

Among other sustainable actions undertaken on USP campuses the examples pre-
sented in this study can be applied to the all universities, considering their unique
regional situation. Additionally, the actions have allowed the development of envi-
ronmental planning tools on campuses in agreement with the applicable legislation.
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Mind the Gap! Developing the Campus
as a Living Lab for Student Experiential
Learning in Sustainability

Tela Favaloro, Tamara Ball and Ronnie D. Lipschutz

Abstract This chapter develops a new approach to experiential learning for sustain-
ability and will be of interest to those seeking a baseline for the distinct conceptual-
izations of experiential learning and their impacts on matriculating (or matriculated)
students in the longer term. College campuses are communities unto themselves and,
as with communities everywhere, confront the challenges of becoming sustainable.
Students attend college to learn and become knowledgeable in their chosen fields,
but, perhaps with the exception of research labs, rarely have the opportunity to apply
their skills to authentic or “real world” problems—experience that would allow them
to become adept at both technical and cognitive process skills needed after gradu-
ation. This is especially true for projects focused on sustainability, which require
multidisciplinary perspectives and interactions and thus are difficult to launch and
complete. We suggest that the college campus is an ideal “living lab” that not only
allows students to encounter and think about complex and wicked issues, but also to
define actionable opportunities and address really-existing problems through collab-
orative projects that materially contribute to the sustainability of a real-world system.
Pedagogy supporting “experiential learning” can play a critical role in teaching sus-
tainability concepts and practices and thus in bolstering the Campus as a Living Lab
agenda. However, we find competing or ambiguous definitions of experiential learn-
ing in the literature and no complete framework for its application in sustainability
praxis. This chapter reports on research into sustainability pedagogy and assessment
of the educational opportunities in experiential learning at the University of Califor-
nia, Santa Cruz, based on campus efforts to become a more integrated sustainable
system. Accordingly, we first unpack terminology applied to “experiential learning
in sustainability” from multidisciplinary and multi-departmental perspectives. This
review of selected literature combined with data accumulated from students and pro-
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gram facilitators compares and contrasts both the historical significance and current
practices of experiential learning to provide a more explicit framework for its imple-
mentation in sustainability as part of a coordinated network of distinct living lab
entities. We then employ this framework to discuss a “critical gap” in college cur-
riculum that was exposed during our investigation into the efficacy of these projects
and programs at UC-Santa Cruz that may be inhibiting student preparation and their
ability to contribute to the campus achieving sustainability benchmarks. Finally we
propose that this lacuna can be mended by working towards a strategic integration
of key experiential learning activities earlier in an undergraduate’s career.

Keywords Experiential learning · Sustainability · Living lab · Interdisciplinary ·
Higher education · Problem-based learning · Project-based learning · Hands on

1 Introduction

There is broad agreement that society and civilization must become more sustain-
able if they are to navigate the global challenge of environmental scarcity. Higher
education has been deeply involved in this effort, and the past two decades have wit-
nessed programs at most colleges and universities devised to design and implement
“sustainable solutions” to common campus sustainability issues, such as food waste,
transportation, water use, housing and energy. In many ways, college campuses are
communities unto themselves, and not unlike small cities, they confront similar chal-
lenges to becoming sustainable. As Lipschutz, De Wit and Lehman (2017: 4) have
put it:

University campuses can be conceptualized as “living labs”… or even as “living systems,”
near-biological entities with organically-connected elements… rather thanmere agglomera-
tions of pieces and fragments. Moreover, university campuses resemble cities in microcosm,
in design, landscape and infrastructural terms, and both are types of spatial institutions that
operate according to similar bureaucratic and decision making principles.

Students attend college to learn and become proficient in their chosen fields,
equippedwith the knowledge and skill needed for success in the post-graduate world.
However, perhaps with the exception of lab work, students rarely have the oppor-
tunity to apply their skills to authentic or “real-world” problems that would enable
them to challenge their intellect while become adept at both technical and process
skills needed after graduation. Indeed, some argue that higher education fails to take
account of the changing shape and composition of the workforce, for which col-
lege graduates are proving ill-prepared. There are fewer long-term jobs available—a
lifelong career with amajor corporation is no longer the norm—and industry is reluc-
tant to invest the time and money required to train new employees only to see them
move before such investment has paid off. Moreover, some employers complain that
the new graduates they hire are proficient in the work they do so long as they are
not called upon to operate in a wider, problem-based context (Fischer 2013; HART
2015).



Mind the Gap! Developing the Campus as a Living Lab … 93

These matters suggest that students and graduates need more than simple, dis-
ciplinary education; they should also be prepared to go beyond their specialization
and attain holistic and system-level understanding in order to effectively tackle the
challenges of becoming sustainable. This is where “experiential learning for sus-
tainability” can play a critical role: teaching students how to think about complex
and wicked environmental, ecological and social challenges, and providing them
with opportunities to address these really-existing problems and projects. Indeed,
the microcosm that is the college campus is an ideal “living lab” at which students
can engage in experiential learning while contributing to the sustainability of a real-
world system.

This chapter examines efforts at the University of California, Santa Cruz (UCSC)
to formalize “campus as a living lab” (CLL) through the principles and practices of
“experiential learning” (EL). It represents an important interdisciplinary contribution
to the literature on sustainability education, experiential learning and the campus as
a living lab. In particular, it fills a gap within this literature in terms of identifying the
skill sets students need to acquire in order to successfully design, develop and deploy
sustainability-focused projects and initiatives and offers a schema of progressive
steps that can carry students and sustainability efforts from the classroom through
the campus and into the real world.

As elsewhere, the arrival of the Student Sustainability movement at UCSC in
the early 2000s gave rise to a number of initiatives and programs to pursue campus
sustainability objectives in energy, food, water, waste reduction and other areas.
Environment, sustainability, agroecology and environmental justice are the foci of
a wide range of research and teaching at UCSC housed within various departments
and colleges. Stemming from this commitment are a myriad of experiential learning
opportunities across the campus and community where learning in these areas takes
place outside of the formal classroom setting. However, a community of practice
articulated around project outcomes and continuity is absent. More to the point, at
least at UCSC, there seems to be no common theoretical or organizational ground
among the many experiential learning programs on campus, only limited social or
ideological learning that carries over from one cadre of students to the next, and
almost no effort to cultivate an appropriate mindset for coming to grips with the
complex problems and issues addressed by sustainability projects.

The dispersed and fragmented nature of these programs at UCSC is probably
not unusual on college and university campuses, given the difficulties of developing
truly interdisciplinary research and teaching alongside disincentives to faculty who
receive little credit for working across disciplinary lines. We have found that the
literature on experiential learning and living labs reflects a similar fragmentation,
inasmuch as it is defined and pursued differently at different campuses and by the
entities within them. The result is that a great deal of time, energy and money are
spent, and often wasted, due to duplication of efforts and the absence of common
metrics reflecting student work and effort.

What we have not found, at UCSC or elsewhere, is a framework for praxis that
combines interdisciplinary and curated experiential learning allowing students to
work seamlessly with campus units or other entities. Such a framework would offer
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scaffolded, phased and iterative learning opportunities that build on a learner’s previ-
ous experience and accumulated knowledge by adding levels of conceptual ambiguity
and challenge. In this way, students may be positioned to tackle complex and wicked
problemswithin their campus community. A systematic framework embedding these
approaches is needed to support the “Campus as a Living Lab” for sustainability,
allowing students to apply what they have learned to develop the hands-on, technical
and process skills that will serve them and society.

In this chapter, we present experiential learning as an approach that provides
the knowledge and skills to broaden learners’ capacities, in order to operational-
ize Campus as a Living Lab. It begins with a brief review of the literature on EL
and CLL, providing context for our research and conclusions before unpacking the
pedagogical praxis of “experiential learning in sustainability” and its implications
from a multidisciplinary and multi-departmental perspective. Findings compare and
contrast both the historical significance and current practices of EL to formulate
an explicit framework for its implementation in sustainability curriculum as part of
coordinated network of distinct living lab entities. Through analysis of web-based
information, surveys of students and faculty/staff facilitators as well as follow-up
interviews, we identify the forms, content and requirements of EL programs directed
toward teaching students the skills and mentalities needed to not only set them up
for success in the professional world, but also contribute to the sustainability of their
community while at university. Finally, we apply this framework to examine projects
and programs at UCSC over the 2017–2018 academic year. Preliminary feedback
and assessments have exposed a critical gap in the curriculum that inhibits student
preparation and their ability to materially contribute to the campus achieving sus-
tainability benchmarks; one that can be mended by the strategic integration of key
EL activities earlier in an undergraduate’s career.

2 Our Research Methodology

With the above discussion in mind, we directed our research toward better under-
standing the many and different sustainability-linked opportunities for experiential
learning available at UCSC, with an eye toward applying EL to create a functioning
Campus as a Living Lab. By elucidating common challenges faced among programs
and identifying the EL skills needed that affect project efficacy, we could develop
approaches for streamlining student preparation, accessibility to and continuity of
projects at UCSC.Ourmethods and corresponding objectives are summarized below:

Phase 1: Conduct a literature review that catalogues approaches to and analyses of
EL and its application to CLL and sustainability → provide an understanding of
the historical context and diverse usage of these constructs and establish a common
definition (see Sects. 4 and 5);
Phase 2: Identify, characterize and assemble an inventory of significant actors across
UCSC campus offering self-described student engagement in EL practices and CLL
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objectives → depict the “Campus as a Living Lab” network at UCSC and clarify
roles and relationships among the various entities (see Sect. 6);
Phase 3: Survey program facilitators and student participants within different depart-
ments, programs, and colleges to assess experiences with EL in sustainability →
understand student engagement and organize program-specific expectations, skills-
needed and resources and, especially, where they might be acquired (summaries of
which appear in this chapter in addition to Sect. 7);
Phase 4: Conduct a series of in-depth, open-ended, interviews with a subset of
respondents→ acquiremore finely-grained information about program design, goals
and function (ongoing).

The details of our methodology and specific results of our research may be found
at https://slab.sites.ucsc.edu/. Here, we provide results to date.

3 Background: Campus as a Living Lab for Learning
in Sustainability

For the purposes of this chapter, we conceptualize and apply “sustainability” not
in terms of the Brundtland Commission’s (1987) well-known definition focused on
humancapacities to dealwith limits to resources and reductions in pollution andwaste
but, rather, as a process of addressing and ameliorating the wicked and ill-structured
problems challenging the future of human society and nature. Consequently, we find
the technological and economic fixes proposed by the Commission and its many suc-
cessors to be inadequate in meeting the many and diverse challenges to sustainability
(Lipschutz 2012). Recognizing that there is no shortage of technologies and policies
that appear appropriate to “solving” the sustainability problems we face, why have
we not been successful in deploying and implementing them?

Sustainability studies and sustainability science students want to know more than
“what are we to do?” not only in order to avoid future disasters but also to ensure that
the future is more just and equitable than the present. To these ends, technological
fixes are not enough. What good are electric or autonomous vehicles if roads and
highways only becomemore crowded?How useful is a solar lantern to rural residents
in the Global South if replacement parts are costly and difficult to obtain? Why do
we look to technological “fixes” to save us rather than change the social structures
and practices that cause the problems in the first place?

Part of the problem, we argue, is the common reductionist approach to problem
analysis and problem solving: the assumption (and hope) that, by understanding
causes and effects, and addressing separable elements of a particular problem, it
will be possible to aggregate and scale up solutions. This mode of analysis and
praxis ignores the system character of most, if not all, sustainability challenges.
The problems we seek to address are complex and wicked, precisely because they
not solely rely on technical solutions, they are also political, economic and soci-
ological—which highlights the need to integrate the social sciences with the hard

https://slab.sites.ucsc.edu/
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sciences into problem-analyzing and problem-solving pedagogies. These problems
are political in the sense that the institutional arrangements that create them are often
a consequence of policies and decisions shaped by political and economic interests.
They are economic in the sense that feasibility depends on costs borne differentially
by different parties. They are sociological in that the social arrangements in which
some people are affected, and not others, are shaped by race, class and gender.

Many proposals and projects directed at sustainability problems realize only lim-
ited success in achieving their goals and objectives and fail to escape the realm of
abstraction. This may be largely a result of an obsession with technology by itself,
due to ignorance of political, economic, historical and sociological factors involved.
Moreover, our reflection on student projects and perusal of the many and various sus-
tainability programs offered by American institutions of higher education suggest
that they often disregard the historical and social contexts in which environmental
and ecological challenges have arisen, and rarely get out of the classroom. Thus,
for example, the absence of healthy food in poor, minority neighborhoods cannot
be remedied by simply building urban gardens, since the available vacant space on
which this might be possible are often owned by absentee landlords who benefit
financially from the business losses accrued by leaving the land fallow and unbuilt.
All of the food-growing technology, education and urban gardens will not eliminate
these particular social “facts.”

What are we to do? We find the concept of the campus as a “living lab” for
sustainability to be helpful here, since it departs from the usual fragmentation as well
as conventional classroom theorizing or “hermetically sealed science laboratory”
(König and Evans 2013: 5) in which apparatuses, procedures and variables can all be
carefully-described and controlled. Living labs are sites atwhichEL takes place not in
a controlled and managed environment with specified goals and methods but, rather,
in social contexts of complex, dynamic institutions whose problems and challenges
cannot be treated in isolation.

According to Evans and his colleagues (2015), living labs possess three “core
characteristics…: they comprise a geographically or institutionally bounded space,
they conduct intentional experiments that make social and/or material alterations
[to the space], and they incorporate an explicit element of iterative learning.” The
authors (2015: 2) see living labs as offering students the opportunity to “get their
hands dirty” with really-existing problems that go beyond the classroom:

Living labs have the potential to strategically frame coproduction processes in two ways.
First, consulting users and stakeholders allows complementary sets of projects to be strate-
gically planned that offer holistic solutions to sustainability challenges. Second, by empha-
sizing the iterative process of experimenting and learning from year to year they provide a
more coherent basis for action over time. Both of these elements are valuable in a university
setting, joining up the institutional response to sustainability challenges and engaging stu-
dents in focused and applied projects that clearly contribute to a longer term, bigger picture
of sustainability.

Systematic operationalization of the living lab idea is not necessarily easy.
Beringer and Adomßent (2008) observe that the focus of “greening the campus”
(i.e. resource conservation and efficiency improvements) tends to be on operational
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transformation and while these efforts may coincide with an influx of seemingly
related curricular innovations, the two do not necessarily intermesh:

A systematic linking of academic—research and teaching—with facilities management and
operations remains the exception. Furthermore, approaches which recognize the systemic
nature of organizational change and which leverage campus sustainability via institutional
drivers are as yet sporadic, and uncommon.

In other words, the living lab is a real-world institution—a campus, a city, even
a company—that cannot be created out of whole, imaginary cloth or stripped of
the social complexities that are so critical to functioning. Living labs are “messy,
multivariate open systems, raising the question ofwhether they are really laboratories
in any meaningful sense at all, or merely trade upon the scientific credentials of the
term” (id.). As König and Evans (p. 2) argue, “The purpose of living laboratories is
not only to allow novel things to be tried that would not be possible in conventional
urban settings, but to also carefully monitor their social and physical impacts in
order to provide a robust knowledge base for learning”—which implies a need for
long-term active experimentation and reflective observation, too. These two practices
invoke “experiential learning.”

4 Experiential Learning for Sustainability in Theory
and Practice

Many college and university projects and programs—not only those focused on
sustainability on campus—describe themselves as offering “experiential learning”
activities, often for college credit. EL in higher education is a growth business; a
Google search with the terms “experiential learning” and “university” returns close
to five million hits. Although the term was coined around the turn of the 20th century
by John Dewey and subsequently developed by educators such as Paolo Freire, EL
did not really begin to take off as an operational concept until around 1980.

A common definition of experiential learning is “learning by doing,” that is,
putting the student subject in a situation in which knowledge and skill must be
learned and applied to address a task or solve a problem, providing a “concrete
experience.” As Moon et al. (2004: 165) describe it:

In EL, the student manages their own learning, rather than being told what to do and when to
do it. The relationship between student and instructor is different, with the instructor passing
much of the responsibility on to the student. The context for learning is different—learning
may not take place in the classroom, and there may be no textbooks or academic texts to
study. Finally, the curriculum itself may not be clearly identified—the student may have
to identify the knowledge they require and then acquire it themselves, reflecting on their
learning as they go along.

Unpacking this platitude means theorizing about iterative cycles of action-
observation, critical reflection, complex analysis, abstract conceptualization and
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deliberate experimentation (McLeod 2017) or what Cultural Historical Activity the-
orists have described as “mediated action” (Engeström 1993; Wells 1999; Daniels
2015). It is posited that through this cycle the learner gets not only to “appropri-
ate” (Wood et al. 1976; Engeström 2014) conceptual knowledge and skill through
applications to situational use-cases but can also come to understand how particular
“wicked” or “ill-structured” problems are organized and constructed, and to recog-
nize the various material, socio-cultural, and historical factors—some manageable
and some not—that give rise to a particular problem.

To redress ambiguities in prior attempts to demarcate and define educational
approaches as rooted in experiential learning, we must first recognize that this term
commonly takes on more subtle meanings and is liberally applied across contexts
(see Table 2 in Sect. 5 for detailed definitions). For example, the day-to-day life
experiences of older learners who have been active in particular fields of endeavor
have often been denoted as experiential (see, e.g. Freire) with the implication that
they could be repackaged to qualify for institutional credits. Schools of business and
management frame experiential learning using the lens of entrepreneurship: a pro-
cess through which students learn the ropes and pitfalls associated with perceiving
and capitalizing on opportunities for innovation, launching startups and growing new
businesses. Others have equated ELwith definitions of “service learning” as an arena
in which students can earn course credit while meeting societal needs through civic
engagement. Experiential learning is also often discussed in relation to recreational
or “after-school” activities including (but not limited to) activities sponsored by stu-
dent clubs, teams, competitions, or offered as workshops or performances. These
examples represent how society recognizes and promotes the value of “experience”
or “experiential learning” occurring outside of a formal education or classroom set-
ting, which may help to explain why internships have become an almost necessary
complement to accredited education for those pursuing gainful employment. They
promise students the skill and experience to survive in the “real world” and generate
the “social capital” they will need after they graduate, not only in terms of whom
they know but also how to apply what they have learned. In many ways, experiential
learning is designed to formalize this process.

To be sure, not everyone is enamored with experiential learning. Perrenet et al.
(2000: 349) report that “findings from research on misconceptions suggest that
problem-based learning may not always lead to constructing the ‘right’ knowledge.”
Kijinski (2018) argues that it offers college credit for “real-life” experience “often
at the expense of important academic work”:

The most valuable thing we can teach students is the ability to think through, with patient
focus, demanding intellectual challenges. Solving a difficult linear algebra problem, working
to understand an intricate passage from Descartes, figuring out how, exactly, the findings
of evolutionary morphology explain the current human stride—all these are examples of
the sort of learning that we should be proud to provide our students. And not one of them
features “real-life” engagement.

What these critiques suggest is that EL without a solid classroom-based theoretical
and analytical framework that examineswhy (as opposed towhat) is of limited value,
since it decontextualizes the broader social framework in which action is undertaken.
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Broadly speaking, experiential learning has its roots in “problem-based learn-
ing (PrBL),” which originated in medical education and the effort to provide medical
students with exposure to the complex and ill-structured (i.e., “wicked”) health prob-
lems. Clinical cases in medicine did do not lend themselves to simple or straightfor-
ward solutions and often require social contextualization and sensitivity to circum-
stances that learners would encounter as practitioners. As Kilroy (2004: 211) has put
it:

…for effective acquisition of knowledge, learners need to be stimulated to restructure infor-
mation they already know within a realistic context, to gain new knowledge, and to then
elaborate on the new information they have learned, for example by teaching it to peers or
by discussing the material in a group setting (see also Wells 1999; Fortenberry 2011).

And, continues Kilroy (id.),

participants are encouraged to use self-directed learning skills (placing emphasis on a per-
son’s ability to seek out and assimilate relevant information to tackle a problem at hand)
to analyse a given clinical scenario, formulate and prioritise key learning objectives within
that scenario, and then collect whatever additional information they think will be needed to
address those objectives. Crucially, all this takes place within a group setting, so that each
individual member of the group contributes to the learning process at every stage.

Schools ofmedicine have recognized the need to confront studentswith the ambiguity
involved in recognizing, describing, charting and implementing solution pathways
for ill-defined problems before being released into the professional world. While
dialogue and critical reflection have been acknowledged as important to the teach-
ing that moves groups of students between problem-posing and problem-solving in
medicine, more work is needed to understand how problem-solvers can be fully sup-
ported in navigating this transition. If we could more fully articulate these aspects of
problem-based pedagogy (and sequencing), we could inform applications to other
real-world challenges where students are pressed to go beyond conceptualization and
analysis to intervention.

Much of the recent literature on experiential learning content begins with Kolb’s
(2015) cycle of four learning modes, which equally emphasizes interpersonal and
action skills in addition to the more traditional informational and cognitive learning
skills, as explained below (Fig. 1).

1. Concrete Experience: a new experience, situation or problem is encountered,
or a prior one is recalled and reinterpreted; e.g., a first exposure to food waste on
campus;

2. Reflective Observation: analysis of the new experience, situation or problem
and identification of any inconsistencies between experience and understanding,
e.g., what are the reasons so much food is wasted;

3. AbstractConceptualization: reflectiongives rise to a new idea, or amodification
of an existing abstract concept, e.g., food waste can be reduced by eliminating
trays;

4. Active Experimentation: application to the real world around to see what hap-
pens, e.g., diners take less food and food waste is reduced.
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Fig. 1 David Kolb’s experiential learning cycle and some associated skills (Adapted fromMcLeod
2017)

Table 1 Problem-based learning principles along three dimensions

Content dimension Cognitive dimension Collaborative dimension

Interdisciplinary Problem-based Participant-directed

Exemplary Contextualized Team-organized

Theory-practice relation Action-oriented Dialogic

Critical Experience-based Democratic

Adapted from Krogh Hansen et al. (2014: 9)

Ideally, following this cycle would lead to multiple iterative rounds of experi-
ence, reflection, conceptualization and experimentation; in this case, other means of
reducing food waste. Note that these learning modes require more than technical or
discipline-specific knowledge but a holistic understanding of the problem at hand,
the ability to frame the project, assess its feasibility, collect, organize and analyze
data, and assess and understand its impacts (see, e.g., Wells 1999).

Whereas the Kolb cycle describes a reflection-action cycle akin to the scientific
method, Krogh Hansen et al. (2014) are more concerned with what might be thought
of as the metacognitive features of EL. Krogh Hansen and her colleagues describe
problem-based learning analytically in terms of three elements and their features:
content, cognition and collaboration (Table 1). Together, these two frameworks, the
Experiential Learning Cycle and the Learning Principles, begin to build a picture of
what EL actually entails in practice.
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Fig. 2 The continuum between problem- and project-based learning (Brundiers and Wiek 2013:
1727)

While it is useful to recognize the multiple constituent “modalities” that can be
attributed to the larger gestalt of experiential learning, it is also useful to consider
how they relate along a continuum of increasing complexity and ambiguity. We are
not the first to recognize the pedagogical implications of how different modalities of
experiential learning relate together. Brundiers and Wiek (2013: 1727) distinguish
between “problem-based” and “project-based” learning along a continuum of con-
structivist [and] experiential learning approaches (Fig. 2) that focus on “doing” rather
than just “thinking.”

In our view, experiential learning for sustainability is broader than what is
described in this “learning spectrum”; there is a sequence of activities that take place
between learning to engage in abstract conceptualization of a “problem” within a
logical framework, and actually devising and deploying solutions to a particular prob-
lem. Experiential learning, we believe, should rely on a directed spectrumof learning,
activities and practices that nonlinearly traverse Kolb’s cycle of four learning modes.

5 The Experiential Learning Spectrum: Building
on Experience Toward Holistic Practice in Sustainability

The remainder of this chapter addresses our findings and conclusions based on both
literature and research. We see the implementation of experiential learning not as an
isolated practice but, rather, as a succession of activities that strategically build in
complexity and ambiguity, through which a student learns to understand and analyze
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Fig. 3 The experiential learning spectrum. The red arrow shows the direction of increasing ambi-
guity and complexity that ultimately leads the learner through real-world practice

complex and wicked problems. Figure 3 illustrates this more extensive spectrum as a
sequence of learning experiences, each of which builds on its predecessor: it begins
with hands on activities and inquiry to develop discrete tools and skills that ultimately
support “real-world” experience characterized by more open-ended and ill-defined
challenges, either as intern or project entrepreneur. This framework encompasses the
requisite learning outcomes to support student efficacy in sustainability or any other
entrepreneurial or complex endeavor with real-world implications.

The learning modalities selected for inclusion into the ovoid are rich with nuance
that espouse variation in meaning among practitioners and over time. Thus, their
definitions, presented in Table 2, are a carefully considered compilation of the diverse
definitions, descriptions and usages found in the literature and utilized by assorted
programs across departments and universities. Note that we exclude “classroom
learning” from the EL ovoid as it is not considered “experiential,” even though it
makes important contributions to learning.

But what are the actual implications of EL for educational practice within sus-
tainability? How can we bring the “real world” to bear on problems and issues that
seem so simple in the classroom, moving learners from abstract contextualization to
practical and applied conditions in which most challenges and problems arise? Here
we offer a set of explicit criteria to frame EL in sustainability with an emphasis on
the underlying principles of authentic design. Experiential learning in sustainability:
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Table 2 Unpacking experiential learning: definitions and subthemes

Concept Definition

Experiential learning A modality that confronts learners with open-ended
investigations, problem-solving and/or design challenges
while emphasizing student responsibility for the management
of their own learning and outcomes. Instruction takes the form
of mentorship and facilitation, prioritizing phases of
self-directed learning, critical analysis, doing and reflection
with self-efficacy as a typical learning outcome, in addition to
applied and process skills

Aspects of EL

Inquiry-based learning An approach designed to mimic the scientific method. It
involves processes of observing and exploring the
natural/material world, asking questions, making discoveries,
and testing those discoveries in the search for new
understanding

Activities feature strong scaffolding and facilitation to ensure
that students gain understanding of pre-selected content
knowledge or practice discrete process skills

Hands-on learning Employs physical and tactile activities, such as tool handling,
to engage students in the learning process through application
and integration of foundational concepts and practical skills to
resolve challenges or conduct investigations (see Rolston and
Cox 2015)

Project-based learning (PBL) Utilizes case-specific understanding with multifaceted projects
as a central organizing strategy for students’ learning, in which
goals, constraints, and the basic form of a solution is known
and determined by the instructor or client. The students applies
process and technical skills in response to open-ended
questions, resulting in a tangible product or outcome

Problem-based learning
(PrBL)

Approach in which complex and compelling problems serve as
the catalyst for learning. Students are introduced to a problem
and work to try to identify the nature of the problem and the
resources they will need to solve the problem. In teams, they
work to develop viable solutions to the problem that they
communicate in an authentic way

Entrepreneurially-minded
learning (EML)

EML builds upon problem-based learning by emphasizing
student-identified opportunities to create value in the
real-world for an engaged client, stakeholder, or customer
base. Attention is given to outcome-oriented thinking rather
than simple causal explanation

Internships Interning puts the student into the world of work in a
professional setting, providing the experiential basis for
authentic engagement within a field or profession. Students
work independently to practice and demonstrate their
developing skills and competencies under the supervision of a
manager or administrator
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1. confronts the student with the kinds of complex and open-ended “real-world”
conditions and circumstances that are not amenable to the types of constrained
or linear problem-solving typical of the college classroom;

2. is motivated by specific, actionable, and situated goals and objectives that make a
social contribution to broader well-being (that is, it is not simply geared towards
intellectual growth or self-improvement);

3. integrates informed, critical knowledge with the application of specialized skills
to a problem or project;

4. requires self-directed learning, agency and initiative;
5. relies on mentors to guide students while still allowing students to make their

own way and their own mistakes, utilizing scaffolding as a tool to move diffi-
cult and ambiguous concepts into the student’s “zone of proximal development”
(Vygotsky 1978);

6. involves hands-on and immersive problem-solving in order to achieve goals and
objectives, yet allows for critical reflection and analysis of what worked andwhat
failed.

6 Campus as Living Lab as a Context for Experiential
Learning

Considering the “real-world” implications for Campus as a Living Lab, we see that
successful implementation of CLL praxis and the Experiential Learning framework
are inexorably linked, that the practices illustrated in the numbered criteria offered
above are necessary to support authentic and holistic design that materially con-
tributes to the “sustainability of that system.” Depending on the particular CLL
program, students tackle open-ended projects that are subject to realistic constraints
where the solution, methods, or techniques needed may not be readily apparent.
Adding to the complexity is the inherent multidisciplinary nature of empathic design;
learners must be able to articulate the constraints that govern sustainable solutions
and furthermore understand their impacts in social, economic, environmental and
technical contexts. This top-down perspective is new for many learners; allowing
room for failure is a necessary part of the iterative design process.

Successful contributions may require learners to independently traverse the
entirety of the EL Spectrum depicted in Fig. 3, building on prior knowledge and skill
(both technical and process) as problems and associated goals becomemore ambigu-
ous. However, with perhaps the exception of hands-on learning, project-, problem-
and entrepreneurially-minded learning are effective teachingmodels specifically due
to the extensive scaffolding that allows learners to navigate these complex domains
by reducing cognitive load (Hmelo-Silver et al. 2007; Kolmos et al. 2004). Build-
ing a program to provide phased learning experiences that strategically add levels of
conceptual ambiguity increases ownership and ultimately positions learners to tackle
complex and wicked problems. However, compared to didactic classroom methods,
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such a program requires significant buy-in on the part of faculty, mentors, admin-
istrators, and students alike, necessitating increased coordination, a relatively high
faculty/mentor-to-student ratio, and expense.

In terms of logistics, common pedagogical and institutional difficulties charac-
teristic of EL courses, such as learner preparation and assessment, project sourcing,
and availability of space, equipment and resources (Kolmos et al. 2004), must be
confronted on a broader scale as a CLL program is truly operating at the campus
level, across or outside of disciplines and departments. For example, engineering stu-
dents may have access to and be trained in the use of electronic equipment for trou-
bleshooting a faulty environmental sensor, however, should that equipment (or even
understanding of that equipment) be made available to the whole multidisciplinary
team comprised of students from other departments and disciplines? Alternatively,
consider 3D printers—should these be made available and accessible? Are learners
equally prepared to use this equipment? Accessibility to workspace for brainstorm-
ing, project prototyping, testing, and/or discussion—all necessary phases of abstract
conceptualization, active experimentation, critical reflection, and, of course, con-
crete experience—would have to be made desegregated and flexible to accommo-
date disparate team schedules. This is an often overlooked facet of successful project
implementation.

The investment made by those involved goes beyond extra time and resources
expended on this difficult program structure, made more so by the cross-disciplinary
and cross-sectoral nature of campus sustainability. Learners enter these programs
with varying levels of preparation, such that certain foundational and process skills
must first be taught in order to provide a framework or toolbox from which these
skills can then be applied and move the project forward. This is especially true for
multidisciplinary teams, where a uniform level of preparatory skill among learners
may not be assumed, and interpersonal communication and ability to resolve conflict
are tested. Customary predictive learningmodels characteristic of earlier coursework
do not ipso facto prepare students for practice, with the necessary systems thinking
encompassing cultural, societal and technical objectives. As a result, differences
between program implementation, CLL or otherwise, dramatically affect the overall
student experience, namely, the nature of projects and degree of learner autonomy
and support.

How can learning in sustainability be better organized and leveraged more effec-
tively to provide progressive outcomes, where new challenges build successively on
earlier learning? Many universities that subscribe to the CLL paradigm recognize
that, at minimum, it is a network of living lab entities spread across campus; in fact,
many university websites now display maps depicting sustainability features of their
campuses. However, CLL must be more than a collection of sustainable projects.
It is a framework in which distributed systems of problem-based and project-based
teaching, research, and day-to-day operations must be actively centralized and coor-
dinated, where disparate expectations between diverse stakeholders are negotiated
and managed, and where all members (representing different disciplines) of student
teams are given the support to not only learn professional practice but materially
contribute to the sustainability objective.
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Fig. 4 An example campus as a living lab network at UCSC. Note that size of each node is
proportional to the number of connections within the network diagram

We have identified three primary entities that constitute a CLL network, defined
in more detail below. While collaboration and cooperation with the living labs them-
selves (usually run by non-academic facilities or staff) are clearly important to the
model, they are one of three equally necessary players. Incubators, which may be
courses, makerspaces or something else entirely, provide student-teams training and
project workspace for prototyping solutions that will ultimately be deployed in one
or many of the campus Living Labs. On the other hand, Coordinators bring these
interested parties together, serving almost as a marketplace that brokers projects,
teams, individual learners, clients, faculty, and staff. Note that an individual program
may assume more than one role; refer to Fig. 4 for an example of one such network.

• The Living Lab is a testing ground within a campus’s natural, social, and built
environment in which problem-based teaching, research and applied work com-
bine to iteratively deploy and test actionable solutions in a real-world system that
improve the sustainability of that system.
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• The Incubators are on-campus programs offering formalized training and support
to student teams for sustainability-related learning, training and relevant activities,
projects, and collaborations that cross the traditional boundaries of disciplines,
sectors, and/or geographies; support may be in the form of courses, mentorship,
space, facilities, makerspaces, equipment, etc. used during the project prototyping
phase for potential deployment in the living labs.

• The Coordinators are information brokers and agents who identify, communicate
and facilitate collaboration among faculty, staff, external stakeholders, and students
to help solve sustainability challenges on campus and within the local community,
bringing interested parties together. These actors help to integrate and coordinate
problem-based teaching, research, and applied work within the living labs.

When working together synchronously, these three actors, comprised of on-
campus programs, courses, research labs, grounds and building services, dining halls,
etc., have the potential to form a “community of practice” (Wenger 1999; Wenger
and Snyder 2000); a holistic and cooperative network of living labs and supporting
entities needed to coordinate and streamline efforts, provide for project continuity,
and ultimately engender innovation and efficacy.

While we were not able to find literature on campus websites articulating these
three roles in the context of CLL, we did find evidence that they are highly applicable.
For example, some universities have identified their respective sustainability offices
as Living Lab Coordinators whom: “foster applied academic integration around the
university” (Yale); “connect faculty, staff, and students” and “coordinate these initia-
tives while providing a platform for the community to access the completed research”
(Manitoba); “facilitate and support living lab projects that target independent study
classes, practicum placements, thesis and capstone projects” (Alberta); and “build
bridges between operations and teaching and research” (UCSC). None of these pro-
vide more in the way of operational details.

Our findings suggest the need for rigorous centralized organization to drive the
agenda for a more sustainable campus as a whole. To the best of our knowledge, no
university identifies a multidisciplinary incubator space that supports project devel-
opment and training in conjunction with the living labs, but most simply mention
instances ofwhere project andproblem-based teachingmaybe found (i.e. internships,
capstone and thesis projects, independent study classes, practicum, etc.). Living labs
are “messy, multivariate open systems” and in order for them to emerge as a func-
tional “communities of practice” that can support collective learning in a shared
domain they must develop a shared repertoire of resources, practices or conventions
and allow members to build relationships—all of which requires time and sustained
interaction.
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Fig. 5 The distribution of sustainability-related EL programs at UCSC as identified by survey
results. Each blue ovoid is sized with respect to the number of programs per “type” or “modality.”
Note the relatively few learning opportunities available within the “gap” of the spectrum

7 Perspectives at UCSC: Mind the Gap! In Experiential
Learning

Thus far, we have framed EL as a theoretical construct and proposed a more struc-
tured framework for organizing a progression of pedagogical approaches designed to
support experiential learning in sustainability and create a robust community of prac-
tice. These modalities are characterized by specific learning outcomes that together
provide the foundation for learner efficacy not only within CLL but also in the post-
graduate world. In this section, we use these findings to revisit earlier analyses on
the organizing characteristics and orchestration of the CLL community of practice
at UCSC.

Much of the motivation for this work was to better represent multidisciplinary and
cross-departmental perspectives on CLL projects and programs, from both student-
participants and facilitators of such programs. However, we have found most “expe-
riential learning” programs and projects across departments self-identify as “hands-
on” or “internship” opportunities, as shown in Fig. 5, and thus do not address the
necessary continuum of education and practice that positions learners to materially
contribute to campus sustainability. In particular, the gap between research and prac-
tice, and between inquiry and professional praxis, denies students the full set of tools
that they need to holistically engage in EL, especially with respect to non-technical
factors.
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Fig. 6 Skills needed for learner success before entering an experiential learning or CLL program
at UCSC according to survey respondents (up to date results can be found at https://slab.sites.ucsc.
edu/

More generally, we found broad agreement among respondents that indicates
students are not prepared for the rigors of learning for sustainability, nor do they fully
comprehend the necessary components of professional practice in their respective
fields that are fundamental to project success in CLL. Figure 6 illustrates the results
of our survey question prompting both facilitators and students to reflect on skills
needed before entering an EL opportunity. In fact, we found across the board that
many of the skills needed to better prepare learners for these experiences are learning
outcomes associatedwithin the “gap” of the EL spectrum: facilitators identified skills
indicative of the professional mindset such as the ability to work independently,
while learners look to build a foundation of discrete process tools—we postulate that
students seek these initially to be able to tackle complex notions more efficiently.
What these results show is that important aspects of the EL spectrum or even Kolb’s
four learning modes are not formally represented in the curriculum.

Both participants and facilitators specifically identified time management as a
missing but necessary skill for engaging with CLL or, for that matter, other EL
programs. Again, this is a topic not explicitly taught to students; they must learn
it through practice, which, ironically, takes more time if done independently. Many
students do not have free time at their disposal, seeing that unpaid or not-for-credit

https://slab.sites.ucsc.edu/
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internships are often given last priority within students’ schedules. Even when EL
opportunities provide course credit, working-for-a-grade inherently informs the per-
ception of what ‘work’ is; expectations are described by the number of units and
thus are viewed as consequential for the individual, rather than the team or project
as a whole. One solution to these dilemmas is to offer opportunities as paid work,
recognizing that this could facilitate professionalism and allow students in financial
need to take part in CLL programs and projects. In the absence of adequate funding
to make this option feasible, low-income and minority students in financial hard-
ship, who often have to work twenty hours a week to pay for their education, are
excluded. This contributes further to both the perception and reality that “sustain-
ability” is only for the well-off. Financial support for diversity in sustainability thus
becomes essential to success and growth.

It is worth noting that significant initiative is needed on the part of the student to
even enter these programs, as many require direct contact with a program adminis-
trator to be considered and again to determine a project, both of which take time,
patience and persistence. There is little to no coordination between programs across
disciplines, and, in many cases, coordination is absent even within departments. As
a result, it is generally left up to the student to propose a project topic rather than
further previous gains made. Finally, program standards and expectations are not
made clear. Much of the project information posted on the websites is out-of-date,
and very few mention time investment or skills needed.

What became evident from the surveys is that not one of the assessed programs
provides a pathway through a complete learning sequence from classroom to the real
world, indicating the need for the student to direct their own learning andpractice. The
skill attributes listed by the program facilitators and students alike are all important
ones, but they do not currently cohere into a well-defined curriculum that adequately
prepares learners for sustainability praxis. While the above results may not apply
to all aspects of every program, it does suggest that CLL learning is more often a
result of good intentions and ad hoc tactics, as opposed to a systematic approach
that begins with “hands-on” skills or tools and builds upon these to culminate in an
applied and innovative project. Even those departments and disciplines that focus on
doing, for example, engineering, tend to abstract their work away from real-world
contexts and needs.

EL necessarily takes place within an institutional framework, whether that be a
university, a non-profit, a public office or a commercial setting, each of which has
its own culture, structure and power relations. In addition to the hands-on, problem-
oriented aspect, which provides the setting for acquiring needed skills, a critical
element of EL is observation of organizational and social dynamics with metacog-
nitive reflection on how they foster or obstruct the work experience. Context also
matters a great deal. Any EL, whether skills-based or focused on navigating complex
problems, takes place in a sociological context framed by collaboration, institution
and field or discipline, all of which have an impact on the organization and conduct
of the work and projects. To the extent that EL involves group activities, students
must learn how towork as a team, to allocate responsibilities, to manage andmeasure
progress or achievements, and to value and understand the need for diverse back-
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grounds and contributions (i.e., project management). Such considerations highlight
the need for theoretical analysis and reflection both before and after EL: what should
the student be sensitive to and watch for beforehand, and how did the experience
comport with expectations afterwards?

8 Conclusions: What Are We to Do to Fill the Gap?

From our review, research and analysis (to date) we draw three primary conclusions.
First, learner preparation, both before entry and during participation in any CLL
activity, is critical to facilitate real-world impact. The vast majority of students,
whether in STEM, social sciences or arts and humanities, have not had an opportunity
to consider complex and wicked problems or how they might be approached in
a systematic and productive fashion or, for that matter, something as obvious as
time management. EL opportunities allow students to learn these skills and help to
transition the student toward a professional mindset, however, our results indicate
that student success in CLL projects is predicated on exposure beforehand. In fact,
both learners and CLL facilitators recognize that not only do students need to be
better exposed to EL, it should happen earlier in the curriculum. Some universities
have the capacity to fill this gap, but most are not even aware it exists. Students learn
about “problem-solving contexts” and are then expected to work on projects without
acquiring the necessary tools that drive self-efficacy. We have suggested, therefore,
that any EL and CLL activities include instruction and application of the skills that
appear in Fig. 6.

Second, we have found that the literature on “experiential learning” within “cam-
pus as a living lab” rarely addresses what we have called “the gap,” that curricular
space in which complex skills, both professional and hand-on, can be imparted and
made accessible to learners. We have sought to fill this “gap” with a developmen-
tal schema, which treats experiential learning for sustainability not as an activity
bounded by specific problems and projects but, rather, as a spectrum or ladder that
begins with inquiry and ends with practice (Fig. 3). This suggests the need for a
curriculum-based approach to EL, which offers the complete set of activities and
practices to interested and committed students.

Finally, we cannot emphasize enough the necessity for reliable and continuing
institutional support of interdisciplinary Living Lab networks; themes emergent from
this study include the need for: funding for classes, instructors, and coordinators;
provision of equipped workspaces; financial support to enable participation of low-
income and minority students; and opportunities to design, develop, manage and
deploy projects in the pursuit of sustainability. We cannot ask for professionalism
from students in courses or internships if we in return do not offer a professional
program in which to work. To be sure, we recognize that these three steps will require
resources; in light of the pressing crisis of sustainability, however, we must not be
penny wise and pound foolish. The very future of Earth may depend on “minding
the gap.”
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Abstract Higher education student sustainability projects should really deviate from
a business-as-usual scenario. They need to question the ecological modernization
thought. They should highlight the need for a dramatic paradigm shift specifically
towards sufficiency and equity. They ought to make explicit what is required to
make such a change. The course science and sustainability at KU Leuven makes
natural science students experience the challenges of setting up transdisciplinary
sustainability research that can truly make a difference. Making the campus more
sustainable then requires dramatic shifts in trivial routines. One team chose to help
reduce the carbon footprint of the university staff and students by setting up some
basic conditions for nudging towards a vegan food choice. This paper describes the
sustainability framework the students started from and the experience and insight
they gained tackling the specific issue. It is relevant to anyone interested in using
on-campus project work to provide students with basic insight in how sustainability
might really be attained and what minimal transdisciplinary methods are needed.
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1 Introduction

To develop a sustainable university campus, requires the university to adopt a cul-
ture of sustainability (Kagan 2010). There are important structural hurdles to such a
sustainability shift, as exemplified for scientific research by Dedeurwaerdere (2013).
In relation to a university community or campus becoming sustainable, however, the
concept of culture takes on its full-blown meaning and encompasses a lot more than
changing structures and practical routines. It involves making changes in the subcon-
scious world of individual thinking. It is the true meaning of ‘human consciousness
awakening to notice current precarious times’ (McKenzie 2017).

Although human existence always had to dealwith uncertainty, in our times aware-
ness of this fact and anxiousness to deal with it or control it, seems heightened. This
fact may be interpreted as a result of exacerbated exact scientific routines. Although
the scientific fields are moving fast into the direction of systems thinking (Capra and
Luisi 2014), in society, and also within the university campus as a societal commu-
nity, this paradigm shift needs more time to find solid ground. It cannot be denied that
our society is also changing dramatically in human perceptual experience, and this at
an ever increasing speed, due to population explosion and technological innovation
(Frase 2016). Evolving hand-in-hand, population explosion and technological inno-
vation have dramatic, yet for many people also those academically educated, covert,
consequences at the ecological (Steffen et al. 2015), socio-economical (EEA 2015),
socio-political (Dryzek 2013; Blühdorn 2007) and socio-cultural (Kagan 2010, 2011)
level. Based on these insights however a new ‘enlightment’ period might start for
humanity. It remains a question whether this might be lead by, merely supported by,
or rather hindered by the academic community and the academic education it fosters.

UN policy is advocating for several decades to preserve earth resources for all
people and also future generations, bymeans of sustainable development (UN 1987).
It took on, an in those days provocative perspective, directed at ecological as well as
socio-economical dimensions in the challenges of human society. A sustainability
concept based on this perspective has however lead to a concept of education for
sustainable development (ESD), also adopted at university, that continues to prevail
at large today and that mostly neglects to educate on the equally, and within
the current situation maybe more important, socio-political and socio-cultural
dimensions.

This approach risks to reduce education for sustainability at the highest level,
to symbolic education, to be understood as a placebo or substitute treatment, com-
parable to the situation of symbolic eco-politics as discussed by Blühdorn (2007).
Currently, many sustainability-related university courses make students knowledge-
able in ecological data interpretation and/or systems thinking towards technological
innovation possibilities. At best, this can be understood in some aspects as education
about sustainability. At worst, it may result in side-tracking the new generation of
highly educated people, to make them believe this approach will bring about the
needed change, instead of pushing them to explore different roads.
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Meanwhile, in academic literature diverse authors give well-argued attention
to anthropological (van Eijck and Roth 2007), politico-cultural (McKenzie 2017);
Kagan 2011; Blühdorn 2007; Van Poeck and Vandenabeele 2012; Van Poeck et al.
2016; Andersson 2018; Van Poeck and Östman 2017), but also psychological (Jones
2015) and unifying (Capra and Luisi 2014) dimensions as a basis in education for
sustainability.

These diverse considerations of conceptual content in education for sustainabil-
ity, leave the question of what didactical setup to use still untouched. Literature is
available on this issue, for a plethora of diverse contexts such as level of educa-
tion, discipline-specific or whole-school approach. Developing course material and
an appropriate setup specifically for higher education would definitely benefit from
the integration of a strong pedagogical perspective (as in Ceulemans et al. 2013), to
allow for academic level learning.

To our knowledge, so far no attempt has been made to link the aim of a change
towards a culture of sustainability, to contents of sustainability problems, as well as
to a didactical approach. In this paper this link is however accommodated. In setting
up a new master level university course, it was systematically considered what
contents, at what time, and best supported in what kind of teaching formats,
needs to be taught in higher education to be teaching for sustainability, and to truly
develop education for sustainability.

2 A Pragmatic Framework for Education for Sustainability

Diverse priority perspectives on sustainability or education for sustainability (Ef S)
exist, that might be used as frameworks underlying specific projects of education.
E.g. often Ef S is derived from environmental education and a strong preference
to uphold this link is apparent (Kopnina 2012). Also links to citizenship education
frameworks have beenmade (UNESCO2016, SDG4.7). Prominent examples of Ef S
are strongly inspired by socio-economical competence development paradigms. This
has instigated typical pedagogical competence development frameworks (Wiek et al.
2011) and teacher competence frameworks (Sleurs 2008; Rauch and Steiner 2013;
UNESCO 2009). On the other hand, domain-specific frameworks e.g. chemistry
education (Burmeister et al. 2012) and urban planning education (Jabareen 2012)
have been used, as well as links to other broad concepts such as critical thinking
(Wals and Jickling 2002). Unfortunately, Ef S seems ultimately needing to integrate
all of the above.

Obviously, it is impossible to consciously deal with all these issues when setting
up a stand-alone introductory 6 credit course. Keeping in mind didactical principles,
cognitive overload-risks of the students need to be kept at bay by having a strong
and recognizable structure, and a limited set of concepts. It is also necessary to
design a course that builds new knowledge and attitudes within the constructional
friction area of pre-existing knowledge of the students. To make the complexity of
sustainability manageable, a pragmatic scheme was compiled as framework of the
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Table 1 The delineation of four subdomains within working in sustainability

Bloom’s—cognitive learning domains Sustainability work level

Knowledge Following up on sustainability

Insight Sustainability thinking

Application Sustainability change

Creation Educate for sustainability

To make the complexity of sustainability manageable, in the design of a course for EfS, four
subdomains are delineated within our conception of (working in) sustainability, in line with a
simplified version of Bloom’s revised taxonomy of cognitive learning domains

course. It differentiates between 4 different domains of sustainability knowledge that
one might teach about (Table 1). From there on it was derived what steps could be
taken to reach at least the lowest level where Ef S could be accommodated as well,
which was considered to be in level 2.

As listed in Table 1, four subdomains are delineated within our conception of
(working in) sustainability, in line with a simplified version of Bloom’s revised
taxonomy of cognitive learning domains. The two higher domains that were left out,
analyzing and evaluating, are integrated in each phase as such, to allow for in-depth
construction of meaning. The scheme proposes that onemight teach directed towards
(1) students knowing the sustainability concept, (2) students thinking (or, in education
about sustainability: knowing how to think) systematically in sustainability issues,
(3) students engaging (or, in education about sustainability: knowing how to engage)
effectively in mediating change for sustainability and (4) students teaching (or, in
education about sustainability: knowing how to teach) for sustainability themselves.
A more detailed clarification of what students are aimed to achieve in each level, is
described in Table 2.

In its conception this framework is supposed to help us fit education for sustain-
ability in Critical Theory (Mayo 2007). The ambition of positive societal change
through Ef S is in our view to be reached by open-ended teaching. Nevertheless
expert-lead teaching is necessary to start sufficiently in-line with student expecta-
tions, and in this way stay within the pedagogical constructive friction domain of
the students. Ultimately however, a lot is invested in emancipatory educational goals
or subjectification (Biesta 2012). Subjectification is about the ways in which educa-
tion contributes to the formation of certain ‘qualities’ of the person (…) about the
person as individual. Here we can locate more ‘traditional’ or modern educational
aims such as autonomy and criticality, but also more postmodern understandings of
subjectivity, such as in terms of responsibility or uniqueness. The framework should
be helpful regardless of the education level one is aiming at. Also e.g. young chil-
drenmight be brought to consciously support sustainability change within delineated
cases they can understand rather fully, and which they are introduced to by stories
and small natural science, social and philosophical experiments.
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Table 2 Detailed clarification of content, issues and competences to be addressed at each sustain-
ability work level

Sustainability work level Clarification of issues to be addressed

1. Following up on sustainability In general: Getting to know the idea of sustainability
Specifically e.g.:
• Finding sustainability information, computing and
communicating clearly

• Being aware of specific sustainability data
• Studying the terms, jargon, theoretical dimensions of
sustainability

• Analyzing sustainability data
• Visualizing sustainability progress, trends
• Getting to know current world order trends, (political)
structures, sustainability organisations, conferences and
agreements

• Identifying conflicting sustainability phenomena

2. Sustainability thinking In general: Using visualization techniques and contexts in
transdisciplinary analysis of problems or issues to
transform sustainability knowledge to insight and design a
possible approach or action plan
Specifically e.g.:
• Learn to structure wicked problems and use systems
thinking integrating, socio-cultural, socio-economic and
ecological factors

• Link a systems map to specific human actions, systems
and persons

• Translate a systems map to a case that can be analysed
• Determine and characterize stakeholders
• Capture needs and arguments of stakeholders
• Identify value statements
• Recognize the impact of value statements
• Experience the impact of personal limitations (time
constraints—pragmatic selection of work, value
judgements)

3. Sustainability change In general: to learn to facilitate or mediate change, attempt
to implement a plan of action
Specifically e.g.:
• To get to know man as being human (inclinations,
talents, limitations) via e.g. applied psychology,
anthropology and cultural sciences

• Deal with value statements
• Deal with human limitations (in communication skills,
open-mindedness, world view, value pattern…)

• Considering integrating diversity thinking, compromise
searching, promoting collaboration, non-judgement,
non-violence

• Safeguarding personal as well as team resilience
• Investing in cultural education

(continued)
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Table 2 (continued)

Sustainability work level Clarification of issues to be addressed

4. Educate for sustainability In general: Support or stimulate activism for sustainability
among others, based on insight in global organization,
experience in the previous work levels, and insight in the
characteristics and arguments in favor of education for
sustainability
Specifically e.g.:
• Stimulate threshold experiences in sustainability action
among others

• Effectuate experiences of success in sustainability action
• Inspire others in sustainability thinking
• Support sustainability creation efforts of others

When teaching directed towards the level indicated in the left column, the focuswill be on supporting
student actions as indicated in the right column

3 Putting Students in Pole Position to Facilitate
Sustainability Change

The course that adopted this framework was set up in September 2016 and ran till
early May 2017. It was adapted in September 2017 to push the new student cohort
more effectively to sustainability work levels 2 or 3 by its end in May 2018. The
base level was covered rather simply by providing reading material and a multiple
choice exam in November (as described by Ceulemans and Severijns 2019). After
this first phase, students could choose to work in team on one of several proposed
projects related to energy and sustainability.

The specific project work was started late November after several assignments
were worked through, specifically on weak and strong sustainability (Pelenc et al.
2015) and systems thinking (Meadows et al. 1972), and during the actual project, on
transdisciplinarity and stakeholder mapping (Mitchell et al. 1997), to get acquainted
with the use of specific tools that allow to get some grip on sustainability problems.
Based on our division of sustainability coursework in four levels and the allocation of
issues to be addressed at each level, a further distribution of specific ‘tools’ collected
from all kinds of (practice) literature could be specified (Table 3) to better structure
the student coaching process.

Specifically the tools to tackle level 2 were provided for by means of workshops.
Far more investment could have beenmade (Pohl and Hirsch 2007) but was judged to
be beyond the scope (workload) of the course, considering students were to actually
try and experience something by themselves. Because of our own natural science
background and the late profound framework conceptualization, unfortunately no
immediate general approaches to allow for targeted level 3 learning within this year’s
course were available to us.
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Table 3 Distribution along four levels of sustainability work, of specific tools to teach for sustain-
ability, whenever possible

Sustainability work level Concepts, methodologies and tools to be familiarized with

1. Following up on sustainability Issue in Focus: how can knowledge on sustainability be
acquired?
e.g. study more or less discipline-bound sustainability
concepts, data, evolutions and models: Studying mega
trends, planetary boundaries, sustainability doughnut,
social data, ecological data, SDGs, concepts of philosophy,
ethics, economics, … as well as disciplinary sustainability
approaches (design to facilitate recycling, green chemistry,
energy efficiency, system dynamics, environmental
politics, psychology of sustainability…)

2. Sustainability thinking Issue in Focus: how might insight in sustainability be
attained? e.g. Handling projects or cases where cognitive
progress is effectuated because inquiry is demanded,
interdisciplinary methods/tools are used, a system’s map is
generated and discussed, stakeholder mapping is
performed, stakeholders are interviewed, a perspectives’
interpretation and integration is attempted, a sustainability
analysis from ethico-philosophical perspective concludes
the exercise

3. Sustainability change Issue in Focus: How can sustainability be implemented?
E.g. engage in a specific sustainability implementation
issue and try to manage change within a community of
stakeholders, use the competencies as described by Wiek
et al. (2011), develop coaching capacities to support
stakeholders that want to make steps towards change, learn
to create openness to change, learn to communicate
non-violently (Rosenberg 2003), support stakeholders in
formulating emotions and priorities, learn to support
compromising, support people in acknowledging their
choice windows and power, support people in recognizing
cultural personal and possible alternative values, support
people in their sustainability actions

4. Educate for sustainability Issue in Focus: Instigate sustainability activism. E.g.
engage in teaching for sustainability at diverse levels,
support and help develop latent individual action potential
for sustainability, attempt to embody activism for
sustainability, engage in interdisciplinary life-long learning
for sustainability, integrate anthropology-, psychology-,
spirituality-, ethics-, pedagogy-, cultural sciences’
discussions
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4 Setting up a Carbon Footprint Project at KU Leuven
Campus

Within the general outline, an on-campus ‘Carbon footprint and reducing energy
consumption’ project was conceived (November 2017–May 2018), in an attempt
to have at least one team work at level 3. The team was provided with some basic
literature (Fitzpatrick et al. 2015; Notter et al. 2013) and the task to perform each
individually the carbon footprint test on two websites http://voetafdruktest.wnf.nl
and https://www.carbonfootprint.com/calculator.aspx. After comparing the results
and trying to explain a possibly large difference found, they should find ways to
reduce energy consumption in their own life, totaling about 20% of their energy
consumption to reduce their carbon footprint. They were urged to draw conclusions
about the possibility for reducing a person’s carbon footprint in our (Western) society
and find ways how our society could reduce its energy consumption. They were
instigated to consider what would be the impact on the organization and behavior of
our society if these possibilities would be implemented.

This assignment was carefully weighed and worded by the core didactical team. It
was designed to be personal, confrontational and necessarily ambitious to be relevant
to true sustainability. From thereon it also aimed at making the students think at the
broader scale, how to make others make similar changes and how to be an effective
activist.

The team was however invited to renegotiate its specific project goal towards an
approach they were really interested in, which was an option for all teams. Within
the clear goal of energy consumption reduction at the individual level, they decided
to target energy use reduction of the individual student at KU Leuven. Such a goal
leaves little room for fake news, debatable data or discussion about the ideal approach:
energy use reduction is energy use reduction, and it needs a habit change. Hence, the
carbon footprint team had to invest considerably less time and effort than other teams
in collecting specific data to understand advantages or disadvantages of specific sus-
tainable energy approaches. The team specifically targeted changing student food
choice from meat to vegan consumption, as a way to reduce the carbon foot-
print, based on personally collected literature (Wynes and Nicholas 2017), including
related comments (Stern andWolske 2017; Macdiarmid et al. 2016; Fara 2015). This
specific goal fitted perfectly within the original assignment design, yet was clearly
owned by the students making them especially motivated.

5 Implementing a Vegan Food Choice to Mediate
Sustainability Change

The first author of this paper was involved as project leader of the team. Looking
back on the process they lived, the scaffold that was partly set out (items 1–8, 11 and
15 below) and partly developed along the way, provided a workable structure for the
students. The scaffolding entailed 15 steps: (1) Proposed assignment, (2) Guided dis-
cussion, interpretation, renegotiation of the assignment, (3) Discussing argumenta-

http://voetafdruktest.wnf.nl
https://www.carbonfootprint.com/calculator.aspx
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tion and literature for renegotiated topic, (4) Implementation steps—open discussion,
(5) Stakeholder mapping—guided discussion (6) Independent work, (7) Question-
ing of progress—guided discussion, (8) Intermediate presentation and questioning
of sustainability interpretation, (9) Stakeholder interview preparation—guided dis-
cussion, (10) Stakeholder interview, (11) Draft final report on template provided,
(12) Sustainability discussion, (13) Poster draft visualizing the team’s sustainability
discussion, (14) Poster feedback, (15) Poster presentation and Final report.

Interventions along the way were necessary as all student teams clearly struggled
to focus on sustainability, the overall picture, instead of on scientific data collec-
tion or specific literature. The workshop to introduce systems thinking, based on
the ‘limits to growth model’, was valuable but insufficient to allow the students to
apply it with reasonable effectiveness to their own project. It did provide them in
all cases with some handles to better understand the problem they were trying to
tackle. The three hour workshop to understand (the need for) transdisciplinarity and
develop a stakeholder map around the team’s specific goal, really took on a pivotal
role (November 2017). It helped the teams at moving forward towards active dis-
cussion, gaining access to perspectives they usually are not confronted with. The
‘venn diagram’ in the student poster (below) is the stakeholder map drawn by the
carbon footprint team. It helped them gain insight and clarify their interpretation of
the politics involved in their problem, as became evident in the discussion.

Reflecting on this map, and trying to link it to systems thinking about changing
food habits (see student poster, system’s map), the team became rather doubtful that
their goal could be achieved within one academic year. The stakeholder with power,
the student restaurant services, was believed to be uncooperative to offer vegan
food choice for sustainability reasons. This feeling was based on diverse empirical
findings. They therefore decided (December 2017) to focus on other stakeholders
to try to make their case stronger before to possibly approach the student restaurant
services. This strategic decision side-tracked the team for several weeks and got them
to invest a lot of time in what proved to be ultimately unproductive work.

At a later stage (end February 2018), looking back on the little progress they had
made despite quite a lot of work investment, the students changed the strategy when
they realized that a positive perspective on themajor stakeholder of their goal seemed
to be equally warranted as their original negative interpretation. They came to see
the stakeholder was already well on its way of investing in sustainable food choices.

Despite ample preparation, thinking aboutwhat issues to raise andhow to allow the
manager to think and discuss in specific termswhat the student team could contribute,
the actual discussion with the CEO was a disappointment. The students were unable
to really connect with the CEO and did not receive any kind of invitation to contribute
in a project towards vegan menu offers. Coincidentally, the week before in a public
relations event of the student restaurant services, a limited number of students (about
200—where KU Leuven can be estimated to have about 43,000 students in and
around Leuven) had voted for a vegan menu to be introduced. It turned out this was
the majority of the votes casted, so a vegan menu was introduced and this without
any intervention of the student team. They would have liked to support it further
with a specific advertising campaign to really change some students’ food choice,
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but they were insufficiently informed despite their request. With a new exam round
coming up they had to write up their report. The poster the team compiled at the end
of their project to discuss their sustainability learning process is provided below.

Student poster
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6 Discussion

It needs to be acknowledged that the student project discussed here, emerged by coin-
cidence, mainly because of the presence of one highly motivated, well-networked
and activist-minded student. Even if this was the case, also the student guidance was
labor intensive and only possible because the project leader could and was willing to
invest considerable personal time. The way the course is guided is overall in conflict
with most current educational principles, directed at efficient mass education. At the
same time however, it is the conviction of the authors that exactly this personal and
time consuming setup is what is needed for Ef S. This means that to guide more
students, a large community of project leaders needs to be educated and in con-
stant debate with each other. This guarantees the deepest insights and most optimal
methodologies for Ef S. It is however also the intention to develop in the near future,
short information and instruction videos, to (slightly) better accommodate the time
needed for personal discussion sessions with students.

Within these limitations, the on-campus carbon footprint project is regarded as a
reasonable success in our effort to deliver Ef S. The newly developed framework
allowed to define different levels in sustainability work and hence focus on the
appropriate teaching goals, and provide a limited number of lines of thought and
appropriate tools. This allowed the students to quickly get actively involved. The
framework is specifically developed to be unbound to any discipline but to be
possibly linked to any discipline.

Our assumption is that if sustainability appears as a scientific paradigm it is pri-
marily associated with a social paradigm that induces a thought of international
politics and policies (Valdir and Arlindo 2015). However, serious misconceptions
prevail in this area. An attempt was made to tackle these with the project setup.
The Sustainability Agenda challenges the current status quo, our routine behavior
whether at individual, national or global level. Yet, despite knowledge of the full
concept of sustainability, most people involved, have a tendency to limit their active
approach to adhering to technical changes and aiming at ecological care. Examples
thereof are biking instead of driving the car, isolating houses better and reducing
the heating temperature, sorting and reducing waste production. In the same vein
‘sustainability’ solutions are expected to come from natural scientists, mathemati-
cians and engineers, while the human sciences, apart from the economists, don’t get
involved. Sustainability courses focus on carbon emissions calculations and ecolog-
ical design principles. This fits within the current socio-economic Western culture,
and is directed at our own descendants to help them keep living in the current rou-
tines. The idea of sufficiency and equity is never pushed forward to show its true
consequences. So overall, the question needs to be raised: where is the dimension of
global social care? Where is it acknowledged that some people currently are already
living the disasters of unsustainability and that we need to take immediate action?
It is obvious that the Western interpretation of ecological responsible behavior
is inadequate to drive the transformation that is needed for true sustainability.
As discussed at length in Kagan (2010), sustainability is a problem of the Western
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culture.Moreover, in this culture based on capitalist class and property relations, four
distinct political futures are already latently present (Frase 2016). This socio-political
dimension is where the value-laden component of sustainability is really found, not
in the mourning for limited economic loss. The current political order can by no
means be sustained for a considerable longer time. So political order is changing,
leading to opposing nationalist versus global socialist radicalism. Awareness of this
phenomenon and possible consequences should be brought to the foreground if we
want people to possibly make a true choice for sustainability.

In our opinion, educational projects that want to integrate this dimension need to
push students into value debates, either among themselves and/or with external
stakeholders. It makes them confront culture. On-campus projects are ideally suited
to provide such situations. In the carbon footprint project, the students found cul-
tural difference within their own organization. They felt side-tracked, overruled and
blocked-out as so many people in the South or any other awkward predicament feel
on a daily basis. The students were pushed out of their comfort zone, because of the
new way of working as well as because of the experiences and unexpected results.
They experienced the rigidity of some invisible system, a system we generally all
believe in to make things ‘right’. Maybe they lost their innocence regarding this soci-
etal system, the idea that it rewards in agreement with personal merit and investment.
They were put in a wicked situation and had to muddle through. Contrary to their
expectations, there was nothing predictable or fair in the outcome. So the project
was unsettling. This is the emotion we would like tap into further in our next rounds
of education for sustainability. We believe it opens a perspective on empathy for
those falling outside the current system, which could bring a discussion of the global
social dimension into reach.

The advantages of the current on-campus project is in our experience:

• It is up-close andpersonal, it allowed the students no escape bywayof non-decision
or lack of action, indirectly they had to face conflicting values and perceptions

• It provided local people insight in their situation, the campus community gained
specific scenario’s for change, this understanding increases motivation,

• It brought university campus people together to work cooperatively, this changes
the campus culture from within.

In the end there was too little time to discuss all the experiences gained, and
to make students capture the characteristics of life and sustainability, although a
specific investment was made, by discussing with them personally the sustainabil-
ity conclusion of the project. This kept them away from limiting themselves to an
ecological-technological line of thought, without considering e.g. capitalist rules,
political decisions or green wash window dressing. It seems advisable to invest even
more in this last phase, to explicitly show students the need to be politically active for
sustainability. From an emergent scenario as the one they experienced, they might
misconstrue that action and no action are equal. Yet theory of emergence in chem-
istry (Talanquer 2015) clearly shows that emergence does have hindsight complex
explanations. Such an idea shows that the consciousness of individual humans
might not be sufficient to guide the future in an optimal direction, but a global
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cultural effort definitely stands more chance. It is important to discuss openly
what we already know about humanity’s talents and flaws, to educate all on our
historical mistakes, to pinpoint the hidden values that drive current culture, and to
allow conscious effective choices for change.

7 Conclusion

Human consciousness has been awakened to notice that our society is facing
diverse crises. Although university campus culture is infected by it as well, university
projects hardly challenge students to deviate from a business-as-usual scenario.More
reflection among course developers is needed to link the ambition of effective cultural
change with the contents of sustainability projects and a suitable didactical approach.
The model that was developed allowed specifically one team of university students
to setup a sustainability project on-campus that can truly make a difference.
This project could deliver Ef S, because it:

(1) Allowed students to be at least actively involved in broad sustainability
thinking (so not just in the ecological-technological area) and, engage in an
attempt of sustainability implementation. In this way the project allowed stu-
dents to experience characteristics of working for sustainability: handling com-
plexity, working transdisciplinarily, dealing with diversity, integrating human
limitations, experiencing system failures or emergent properties.

(2) Had some unsettling character. This created a window to (dramatically) alter
the student’s world view. Directing towards considering global social conse-
quences, incorporating thinking about sufficiency and basic needs, and insti-
gating to question culturally inspired routines, are very relevant in this area but
could not be sufficiently provided.

(3) Tried to actively tackle known misconceptions within the sustainability sci-
ences or the sustainability education field, to support also from this side a pos-
sible change of world view. It specifically highlighted the need for change in
individual routine and values. In this way it counteracted techno-fix ideas and
dominant ecological considerations.

Based on these experiences, it is the intention to instigate further discussion at our
university and make Ef S course developers move towards educating on the interac-
tion of technological innovationwith social structures, human values and economics.
There needs to be a focus on undeniable and fundamental characteristics of ‘life’,
‘humanity’, ‘society’ and ‘nature’ specifically including coincidence, uncertainty,
dependence, emergence, temporary balance, eradication, collapse or death. Discus-
sions of human consciousness, power and responsibility, but also humanvulnerability
and psychological needs are systematically ignored in current dominantWestern cul-
ture but need to be taken on in Ef S. Persisting in the current human course of action
with the awareness we have gained, is definitely to us not an option. In these circum-
stances it has been a comfort to learn that within the complexity of global society,
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there is no such thing as a strong diamond-like grid structure to be transformed all
at once. The workings in societal wholes, the rhythm of time, our own established,
yet at the same time coincidental, hierarchies and networks, where we all take on
our roles with a passion for life, can cause sufficient collision energy for emerging
change (Levine 2015).
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The Brazilian Educational System:
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to Distance Teaching
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Abstract According to statistics published by governmental agencies, 58 million
students are currently enrolled in formal education courses available in the Brazilian
educational system as a whole. A time series covering the years 2005–2015 reveals a
descending number of enrollments in basic traditional school courses and an ascend-
ing amount of students attending distance-teaching courses. Distance Teaching has
been hailed as an environmentally friendlier alternative to full-time campus activi-
ties, in papers with valid statistical data. However, the authors of this work performed
the environmental accounting and compared the use of natural resources needed to
implement and operate two similar courses, one under traditional classroom condi-
tions, and its distance-teaching version, using the EmergyAccountingmethod, which
allows for different types of energy to be accounted together by using solar energy
Joules as a common unit. The results show that implementing and operating the
distance-teaching version required 110% more investment in natural resources than
the traditional version. This result motivated the analysis, presented in this paper, of
the required investment in resources supporting the entire Brazilian educational sys-
tem, combined with scenarios resulting from a hypothetical full shift from traditional
in-class to distance teaching.
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1 Introduction: The Brazilian Education System,
and the Paper Limitations

The relevance of the analysis carried out in this work lies on the fact that distance
teaching, as a tool for social inclusion, has shown constant growth as a valid alter-
native to achieve formal education, and this results from the convenience it brings
for both the students and the public and the private institutions that offer courses
in this mode. On one hand, as distance-learning activities are mostly carried out by
teachers, tutors, and students in places other than in school campi, a massive adhe-
sion to the distance-teaching mode would imply less campus use. Campi would be
relegated to periodic or sporadic classroom activities, thus minimizing the impacts
caused, among other factors, by the intensive use of electricity to feed computers to
support educational activities. On the other hand, the increasing adhesion to distance
teaching simply results in dislocating resource use from school the school environ-
ment, rather than mitigating it, as the impacts will show elsewhere. Hence, the use
of a method capable of analyzing the use of environmental resources to support sys-
tems, including in-class or distance teaching education systems, can provide a wider,
extra-financial/profit-seeking/managerial panorama of the pros and cons of adopting
either mode, thus allowing for comparisons. Emergy evaluation of educational sys-
tems have been carried out by a number of authors. Meillaud et al. (2005) evaluated
energy savings from solar panels on the façade of a building at the Swiss Federal
Institute of Technology, in Lausanne, by using the emergy accounting method; High
School and undergraduate students’ contributed flows of information into the sys-
tem. Campbell and Lu (2014) calculated the emergy basis for the formal education
system of the United States, from 1870 to 2011, and concluded that, for every unit
of emergy invested in the system, a tenfold return was obtained in benefits by the
society, from the emergy of teaching and learning. Almeida et al. (2013) used the
emergy method to evaluate the Engineering programme at Universidade Paulista.
The results were compared to those obtained for the Pharmacy and Business pro-
grammes, and a holistic system view and its relationship with the environment was
provided. Subsystems were evaluated to assist in decision making on establishing
targets towards campus greening as well as on introducing Sustainable Development
concepts into curricula. As far as distance teaching is concerned, Roy et al. (2008)
state that distant-learning courses consume 87% less energy, and CO2 emissions
are 85% lower in comparison with full-time campus-based courses, by implying in
reduction in energy consumption from student travel and housing, besides saving
in campus use. Oliveira et al. (2017) used emergy synthesis to analyze the use of
resources required to implement and operate a distance learning course of Technical
Management, and compared the results with those obtained for the implementation
and operation of an in-class version of the same course. The results showed that
the emergy support required to operate the distance learning course with 43 stu-
dents is 110% higher than the emergy required to operate the in-class course with
34 students. Simulations with higher numbers of students showed that the emergy
investment lines of both modes cross at about the 300-students mark, the point from
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which the distance learning mode becomes more advantageous, in terms of resource
use, than in-class learning. This notion implies that, at least from the resource use
perspective, and under the emergy accounting, distance teaching is not an immediate
solution to minimize resource use, unless a given minimum number of attending
students is met.

From the approximately 5 million people currently subscribed to an online course
in Brazil, one and a half million are attaining basic school, college or post-graduation
levels via distance learning (ABED 2015). The remaining three and a half million are
either receiving corporative training or upgrading skills in an informal area of inter-
est in free courses. The number of students attending basic education in traditional
schools, on the other hand, has been experimenting a continual decrease process,
from about 56 million in 2005 to about 49 million in 2015 (INEP—Basic Education
Synopses, 2005–2015). In the meantime, a growing body of literature on campus
greening actions reflect the ongoing discussion among academicians who dedicate
their efforts to the general awareness of sustainability by the integration of the topic
into university curricula, along with sustainability-oriented management of campus
operations. However, with the slow shift from old-standard educational systems into
new technology-based approaches, a new concern arises and becomes a topic for
discussion, and that is the implicit cost, in terms of natural resources, behind this
shift process, and its impact on the environment. This work integrates a wider study
of the implicit environmental cost behind the Brazilian educational system as awhole
and evolves from one of the leading research questions: what would be the resulting
impact of a hypothetical full shift to distance teaching on the use of natural resources?
To answer that question, simulations were made based upon the results from previ-
ously performed environmental accounting of the natural resources supporting the
national educational system in both modes. The limitations of this study, therefore,
are in the accuracy of the numbers provided by official statistical agencies and the
parameters used to establish a pattern for the accounting of the resources required by
every school or DTC unit. The environmental accounting performed accounts for the
energy and resources, from rawmaterial state to finished goods and services entering
the system. Results show the expected decrease in the use of buildings and in the
energy required by the physical facilities to operate. However, the vehicle required
for the students’ access to the virtual learning environment, and the energy to feed
it, have more embodied energy than the vehicle and energy required to transport
traditional school students.

2 Methodology: Emergy Accounting and the Calculation
Phases

In this work, traditional schools and distance teaching activities in the nation were
treated as two distinct energy systems. The relevant energy contributions for the
systems functionality were included in an inventory. The data used herein is based
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on official government statistical publications for year 2015, and this study was
developed in the second semester of 2017. The sum of the different forms of energy
composing a system is obtainable with the use of Emergy Accounting. Emergy is the
available energy of one kind, previously used up directly and indirectly to produce
a service or good (Odum 1996). Emergy accounting enables for the analysis of the
quantitative/qualitative contributions from the environment and from the economy to
a production system, from a donor’s perspective. Thus, by using joules of solar energy
as a common unit, different forms of energy can be accounted for and compared.
Emergy per unit time is calculated as per Eq. (1):

Emergy (energy,material or information flow) × UEV (1)

where UEV is the Unit Emergy Value calculated based on the emergy required to
produce one unit (Joule, gram, cubicmeter, or dollar) of a given resource. TheUEVof
a resource or product derives from all the resources and energy flows that were used to
produce it. Previous works featuring the emergy accounting of educational systems
(see Oliveira et al. 2017; Almeida et al. 2013; Oliveira and Almeida 2015; Meillaud
et al. 2005) analyzed single educational units or institutions; their inventories included
items such aswater, paper, andplasticmaterial consumption, all ofwhich contributing
less than 5% of the total system emergy. Such low rates may be deemed irrelevant
to emergy accounting. This work integrates a larger research work in progress that
features the emergy accounting of the Brazilian educational system as a whole,
and those items have been removed from the inventory. The relevant energy forms
entering the system were organized in sections referred to as phases, as described
below.

3 Phase 1: Infrastructure of Traditional Schools
and Distance Teaching Centers

In this phase, concrete, iron and computers are the relevant emergy contributors.
The physical dimensions and numbers of computers vary from school to school.
To overcome these limitations and obtain an overall estimate for the dimensions
and number of computers, the Ministry of Education and Culture (MEC) guidance
stated in the document entitled Parecer CNE/CEB nº8/2010 (see references) was
used. This document sets the norms for the application of item IX of article 4 of
Law No. 9.394/96, on the minimum quality patterns for public basic education. The
description of a functional primary school, as per the document, is adopted herein
for every school unit, public or private, that composes the total of working units
in a given year, as reported by the Inep—Instituto Nacional de Estudos e Pesquisas
Educacionais Anísio Teixeira (National Institute ofEducational Studies andResearch
Anísio Teixeira) Statistical Synopses. Institutions offering distance-learning courses
offer physical facilities for person-to-person support, called distance-teaching centers
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(DTCs), where stand-by tutors and computers are available for teacher, staff, and
students use. The DTCs maintained by public schools follow specifications ruled by
the MEC. The estimated dimensions, personnel and equipment inventory available
in a DTC are based on the work of Oliveira et al. (2017). The emergy contribution
from constructions and manufactured stock resources is the number of their lifespan
years divided by the timeframe set for the analysis. Stock resources are those that
persist in time, i.e. they were part of the system before the initial position and remain
in the system after the final position. The considered lifespan for buildings in this
work is twenty-five years; personal computers lifespan is five years (Receita Federal
do Brasil 2005); the timeframe set for this investigation is one school year.

4 Phase 2: Systems Operation

Electricity consumption is an estimate based on the use of computers and lamps in
schools and DTCs. The use of workbooks is based the number of students multiplied
by the number of disciplines integrating the curricula for a given year. Lifespan of
books is twenty years.

5 Phase 3: Access to Information

The amount of energy required for the students to access the educational environment,
be it physical or virtual, makes a relevant contribution to the emergy of an educational
system. Said access requires a vehicle, and the energy to feed it. Estimates for diesel
and electricity consumption are based upon the work of Oliveira et al. (2017), which
compares the energy required for the students of both modes to find themselves in
the environment where the interaction with teachers, materials and other students
takes place. According to the figures published by INEP, 14% of the students, in
average, use public transportation. Because of the lack of data on the use of other
transportation modalities, all students have been considered to use 16-seat vans to
commute to school. Hence, the accounting considers the amount of steel used to
build the buses and an estimate on the total use of diesel. In a similar fashion, it
was considered here that the distance teaching mode students’ access into the virtual
learning environment is achieved by means of personal desktop computers, one unit
per student. Other types of device used to access internet services were disregarded.
Estimates for electricity consumption by the computers were also calculated.
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6 Phase 4: Information Flows Within the System

Intellectualwork performed by teachers and students in the teaching-learning process
is measured by the metabolic energy dispended during work hours. The quality of
the energy dispended by the teachers and students is multiplied by the corresponding
UEV. The UEV’s for a Joule of human work is the result of the national emergy
budget for given year divided by the number of inhabitants in a given education
and experience level (Odum 1996), i.e. preschool, basic school, college, and post-
graduation levels. Information from books and tutors is also accounted for. The
accounting of the information flows integrate the total emergy of a system. However,
when analyzed separately, it can be seen as a cost-effectiveness indicator, when
one considers the interaction between teachers and students in the teaching-learning
process as the end purpose of the investment made in infrastructure and operation of
educational systems.

Quantitative student-related data for this work comes from reports published by
official entities. The numbers relate to accredited formal education courses. The
final results of the surveys for the year 2015 were selected for this study. Traditional
school census results are published yearly by the Inep—InstitutoNacional deEstudos
e Pesquisas Educacionais Anísio Teixeira (National Institute of Educational Stud-
ies and Research Anísio Teixeira). An issue containing official numbers for higher
education in distance teaching mode is also published yearly. The survey on basic
school courses in distance teaching mode used herein were published the Associação
Brasileira de Ensino a Distância—ABED (Brazilian Association of Distance Teach-
ing) reports. The work of teachers and tutors is calculated from the amount of work
hours. Among the limitations of this study is the inaccuracy of the numbers published
by ABED, which relies on questionnaires sent to, but not answered by all distance
learning schools. The numbers published and used in this work are, therefore, a low
estimate of the actual scenario.

7 The Hypothetical Full Switch from In-class to Distance
Teaching

As the main goal of this work, simulations of resource use in case of a full switch
from traditional to distance teaching schools were built, in order to identify the items
most likely to cause impact. Moreover, this study aims to analyze the often-neglected
environmental cost behind the shift to new trends in general, specificallywhen involv-
ing use of technological novelty resources by using the emergy accounting method,
rather than monetary cost. Therefore, comparisons between each one of the phases
are provided in separate accounting tables for both modes which favors immediate
comparisons and provides information on both positive and negative impacts caused.
To obtain the simulated results, the emergy-per-student rate for every itemwas calcu-
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lated and then multiplied by the total number of students (DTC students + physical
school students). A discussion follows each scenario.

8 Results and Discussion

Data published for the year 2015 was the basis for the emergy accounting of the
traditional in-class and distance-teaching formal education systems of Brazil. Table 1
shows the basic numbers in a comparative form.

To base the estimates for infrastructural material inputs, a dimensional and infras-
tructural standard for the over 180,000 operating traditional-teaching institutionswas
adopted, based on the directions from the Parecer CNE/CEB nº8/2010. The assump-

Table 1 Number of enrollments and operating institutions/DTCs in Brazil in 2015. Sources INEP
statistical synopses 2015 and ABED distance teaching 2015 yearbook. a. Emergy accounting of
the inputs required to build and establish the physical facilities of schools in operation in 2015.
The UEVs comply with the 15.83 × 1025 sej/year baseline. See appendix for UEV references. b.
Emergy accounting of the inputs required to build and establish the physical facilities of distance
teaching centers in operation in 2015. The UEVs comply with the 15.83 × 1025 sej/year baseline.
See appendix for UEV references

Mode Enrollments Number of institutions/DTCs in operation

In-class 56,022,196 186,441

Distance teaching 1,456,348 4,915

a. Building construction—traditional system

Item no Description Unit Qty. 2015 UEV
(seJ/unit)

Emergy
(seJ/yr)

seJ/student

1 Concrete g 2.39 × 1013 2.59 × 109 6.19 × 1022 1.11 × 1015

2 Steel g 7.40 × 1011 6.93 × 109 5.13 × 1021 9.16 × 1013

3 Computer g 2.31 × 1010 8.90 × 1010 2.05 × 1021 3.67 × 1013

Subtotal 6.91 × 1022 1.23 × 1015

b. Building construction—distance teaching system

Item
no

Description Unit Qty. 2015 UEV
(seJ/unit)

Emergy
(seJ/yr)

seJ/student Emergy
with
migration

1 Concrete g 7.57 ×
1010

2.59 ×
109

1.96 ×
1020

1.35 ×
1014

7.73 ×
1021

2 Steel g 2.39 ×
109

6.93 ×
109

1.65 ×
1019

1.14 ×
1013

6.53 ×
1020

3 Computer g 4.48 ×
108

8.90 ×
1010

3.99 ×
1019

2.74 ×
1013

1.57 ×
1021

Subtotal 2.52 ×
1020

1.73 ×
1014

9.96 ×
1021
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Fig. 1 Energy systems language diagram displaying the positioning of the flows entering the sys-
tem. Legend: (R) = renewable resources; (N) = non-renewable resources; (F) = feedback from
economy; Y (output) is the sum of all flows

tions about the distribution of concrete and steel in interior walls were based upon a
two wall-per-room linked to the next room random design, since no official layout
for the physical school facilities was provided in the document. The addition of one
wall to a number of rooms, nevertheless, does not significantly affect the final emergy
figure.

The elaboration of the energy systems language diagram is the first step taken
when performing emergy accounting. The diagram provides a general graphic view
of the energy flows entering the system, the process of producing a good or service,
and the outputs. In this simplified version of the diagram (Fig. 1), only the basic
materials and human energy are represented. Money flows from government and
private investment have been disregarded, as the aim herein is to analyze the use
of natural resources. The general concept of an energy systems language diagram
used in emergy accounting, using proper symbols elaborated by Odum (1996) is
represented below.

The larger rectangle represents the investigation timeframe; circles indicate the
sources and the arrows represent the flows of energy from the sources and the alloca-
tionof resources into the system.Renewable sources, i.e. natural renewable resources,
are placed on the left side of the diagram; non-renewable resources flow in from the
upper-left side of the diagram; resources from the economy, i.e. goods and services
that are bought/paid for, are placed on the upper-right, and far right side of the dia-
gram. The smaller rectangle represents the good or service production system under
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Fig. 2 Energy systems language diagram for the Brazilian educational system. Source this work

analysis, as it receives flows of energy both from outside the system and from stocks
within the system.

Figure 2 is the energy diagram for the Brazilian educational system. The medium-
sized rectangle on theupper half of the systemdiagramdisplays the inputs required for
implementation and operation of the system. The stock symbols represent resources
that persist through time. The smaller rectangle represents the system operation,
whereas the large arrow, which is the symbol for interaction, represents the full
education cycle bymeans of interaction with teachers, staff, infrastructure, materials,
books, and classmates, while providing the job market with skilled laborers and the
society with dropouts.

The following step is the construction of the accounting table, based upon the
inventory. The set of Table 1a and b include previous calculations of the total emergy
of both modes for the year 2015, with a column added, with the functional unit
selected for this work, the sej-per-student-per-year (sej/st/yr). One further additional
column was added to the distance teaching tables—emergy with migration—con-
taining the emergy that results from the hypothetical full migration of students from
the traditional to the distance-teaching mode.

Table 1a and b refer to the Building Implementation phase. As a standard set for
this study, it features the most relevant emergy contributors, i.e. higher than 5% per
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institution unit, their UEVs and total emergy. Every set of tables comprehends all
levels of learning, from kindergarten to post graduation.

In both cases, the largest emergy contribution for the implementation phase comes
from concrete. The huge difference in concrete totals between both tables is due not
only to the number of distance teaching student being considerably smaller, but
also for the fact that the physical dimensions of a Distance Teaching Center (DTC)
corresponds to a fraction of those of a traditional school. In case of a hypothetic full
migration to the distance-teaching mode, a viable assumption as for the increase in
number of DTCs is that it could result from multiplying the current average number
of 300 students per DTC by the sum of students from both modes. The estimate
presented here, however, results from applying the sej-per-student approach based
on the current actual numbers. No significant re-dimensioning of distance teaching
centers would be necessary, in case of massive migration, as (1) DTCs are physical
support facilities equipped to be used by students only in case of necessity, and (2) the
total carriage capacity of a DTC is subjective, and schedule-flexibility is one major
DTC feature, even in cases where students are obliged to attend activities locally. In
these terms, the migration would cause a switch from commuting to large physical
school infrastructures, with total emergy of 6.91 × 1022 sej/year, to occasionally
attending activities at reduced DTC structures, with an estimated emergy investment
of 9.96 × 1021 sej/year. This means only 15% of the material used to build and
implement the currently operating institutions would be required. In the Table 2a and
b are the calculation results for the energy forms required to operate the infrastructure.

Table 2 a. Emergy accounting of the inputs required by physical schools to operate in 2015. The
UEVs complywith the 15.83× 1025 sej/year baseline. See appendix for UEV references. b. Emergy
accounting of the inputs required by distance teaching centers to operate in 2015. The UEVs comply
with the 15.83 × 1025 sej/year baseline. See appendix for UEV references

a. Building usage—traditional system

Item no Description Unit Qty. 2015 UEV
(seJ/unit)

Emergy
(seJ/yr)

seJ/student

4 Electricity J 1.43 × 1016 2.77 × 105 3.96 × 1021 7.07 × 1013

5 Workbooks J 6.01 × 1013 2.24 × 107 1.35 × 1021 2.40 × 1013

Subtotal 5.31 × 1021 9.47 × 1013

b. Building usage—distance teaching system

Item
no

Description Unit Qty. 2015 UEV
(seJ/unit)

Emergy
(seJ/yr)

seJ/student Emergy
with
migration

4 Electricity J 8.27 ×
1013

2.77 ×
105

2.29 ×
1019

1.57 ×
1013

9.05 ×
1020

5 Workbooks J 1.61 ×
1012

2.24 ×
107

3.60 ×
1019

2.47 ×
1013

1.42 ×
1021

Subtotal 5.89 ×
1019

4.05 ×
1013

2.33 ×
1021
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Table 3 a. Emergy accounting of the inputs required by physical school students to access the
learning environment. The UEVs comply with the 15.83× 1025 sej/year baseline. See appendix for
UEV references. b. Emergy accounting of the inputs required by DT students to access the virtual
learning environment. The UEVs comply with the 15.83 × 1025 sej/year baseline. See appendix
for UEV references

a. Access to information—traditional system

Item no Description Unit Qty. 2015 UEV
(seJ/unit)

Emergy
(seJ/yr)

seJ/student

6 Vehiclea g 1.02 × 1012 4.15 × 109 4.23 × 1021 2.91 × 1015

7 Diesel J 1.12 × 1017 1.13 × 105 1.27 × 1022 2.26 × 1014

Subtotal 1.69 × 1022 3.13 × 1015

b. Access to information—distance teaching system

Item
no

Description Unit Qty. 2015 UEV
(seJ/unit)

Emergy
(seJ/yr)

seJ/student Emergy
with
migration

6 Computerb g 1.66 ×
1010

8.90 ×
1010

1.47 ×
1021

1.01 ×
1015

5.82 ×
1022

7 Electricity J 3.19 ×
1014

2.77 ×
105

8.84 ×
1019

6.07 ×
1013

3.49 ×
1021

Subtotal 1.56 ×
1021

1.07 ×
1015

6.17 ×
1022

aConsidering 16-seat vans
bConsidering one desktop computer per student

The resulting emergy required to operate the DTCs, in case of migration, is less
than 50% of the emergy currently required to operate the actual physical schools
throughout the nation. As in Table 1a and b, only the most significant emergy inputs
were considered.. Electricity is featured due to the amount used and its high UEV,
resulting in high emergy contribution to the system. Item 5, workbooks, refers to
eight units used per student per school year. The considered lifespan for a book was
20 years. The contribution considered, therefore, corresponds to one-twentieth part
of its total emergy.

The emergy required for the students to access the learning environment, where
their interactionwith teachers, materials, infrastructure and classmates occurs, is also
calculated. Results are as shown in the Table 3a and b.

The emergy required for the access of one and a half million distance teaching
students into the learning environment via computer is virtually the same as the total
emergy required for the access of eight million students—14% from the total—into
physical school facilities by using public transportation. It is worth noting that in the
case of a full migration, the emergy required to access the virtual learning environ-
ment would be forty times higher. This results from considering one computer per
student, whereas it is feasible to consider one van for every 16 students. The UEV
per gram of computer is higher than the UEV per gram of a van. The emergy of all
the electricity used to feed all the computers, however, is lower than the emergy of
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the diesel used by the school buses. These calculations were based upon the work
of Oliveira et al. (2017), which considers a 30-km daily itinerary for the access into
physical facilities and 2-h/day access into the VLE by DTC students.

Table 4a and b show the flow of information within the system, which results
from the interactive work among teachers, students and materials during class time.
It can be sensed as a measure of cost-benefit, as all the necessary inputs previously
accounted for constitute the infrastructure implemented and operated with the flows
of information as an end-purpose

The calculations for information flows are made upon the metabolic energy
required to build or maintain the information carriers. The teacher-to-student infor-
mation rate at 1% refers to students’ capacity to absorb written information, as rec-
ommended by Odum (1999), albeit Campbell and Lu (2014) do consider 10% as a
reasonable rate. The results show that the sej/student emergy rate for the information
flows was higher for the distance-teaching students than for the traditional systems
students, in function of the absence of teachers with a high-school level working in
distance-teaching, and the higher volume of teacher work in higher education. With
the full migration scenario, the total flow of information would increase by 160%.

9 Conclusions

1. The analysis unveils an interesting panorama about the use of the natural
resources required to implement and operate the national educational system.
The current local discussions about sustainability in universities may benefit
from the notion that, apart from the immediate actions towards greening existing
campi, the implicit cost of implementing these educational systems can, by using
robust methods, be analyzed and taken into consideration when implementing a
new unit, regardless of its operation mode—in-class, or distance teaching.

2. The calculation procedures taken herein can be adapted and used to analyze any
education system. The results are highly influenced by the basic configuration of
the infrastructures for both in-class and distance learning courses.

3. In conclusion, the results put the common-sense perception of the distance-
teaching mode as an overall cleaner and immediate alternative to traditional
“brick-and-mortar” schools into perspective, by considering the environmen-
tal cost behind the students’ access to formative information and interaction,
as shown on Table 3a and b. A contextualized analysis including a compari-
son between the CO2equiv emissions from mechanical student transportation and
electricity production to feed the distance teaching system is encouraged.
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Table 4 a Emergy accounting of the emergy flows in the traditional school system. The UEVs
comply with the 15.83 × 1025 sej/year baseline. See appendix for UEV references. Information
refers to the emergy required to maintain the teaching staff. Item 8 refers to information from
teachers with high school formation; item 9 refers to teachers with college formation; item 9 refers
to post-graduated teachers; item 13 refers to basic school students’ previous information load; item
14 refers to college students’ previous information load; item 15 refers to post-graduation program
students previous information load. b Emergy accounting of the emergy flows in the distance
teaching system. The UEVs comply with the 15.83× 1025 sej/year baseline. See appendix for UEV
references. Information refers to the emergy required to maintain the teaching staff. Item 9 refers
to teachers with college formation; item 9 refers to post-graduated teachers; item 13 refers to basic
school students’ previous information load; item 14 refers to college students’ previous information
load; item 15 refers to post-graduation program students previous information load

a. Information flows—traditional system

Item
no

Description Unit Qty. 2015 UEV
(seJ/unit)

Emergy
(seJ/yr)

seJ/student

8 Info. teacher
(1) →
student (1%)

J 4.38 × 1012 4.44 × 107 1.95 × 1020 3.47 × 1012

9 Info. teacher
(2) →
student (1%)

J 4.41 × 1012 1.34 × 108 5.91 × 1020 1.05 × 1013

11 Info. teacher
(3) →
student (1%)

J 5.15 × 1011 2.87 × 109 1.48 × 1021 2.64 × 1013

12 Info. books
→ students
(10%)

J 6.98 × 1011 2. × 107 1.56 × 1019 2. × 1011

13 Info. from
students (1)
(10%)

J 1.92 × 1015 1.57 × 107 3.01 × 1022 5.38 × 1014

14 Info. from
students (2)
(10%)

J 2.67 × 1014 4.44 × 107 1.19 × 1022 2.12 × 1014

15 Info. from
students (3)
(10%)

J 7.44 × 1012 1.34 × 108 9.97 × 1020 1.78 × 1013

Subtotal 4.53 × 1022 8.08 × 1014

b. Information flows—distance teaching system

Item
no

Description Unit Qty. 2015 UEV
(seJ/unit)

Emergy
(seJ/yr)

seJ/student Emergy
with
migration

9 Info.
teacher
(2) →
student
(1%)

J 7.00 ×
109

1.34 ×
108

9.38 ×
1017

6.44 ×
1011

3.70 ×
1019

(continued)
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Table 4 (continued)

b. Information flows—distance teaching system

11 Info.
teacher
(3) →
student
(1%)

J 5.16 ×
109

2.87 ×
109

1.48 ×
1019

1.02 ×
1013

5.84 ×
1020

12 Info.
books →
student
(10%)

J 2.22 ×
108

2.24 ×
107

4.97 ×
1015

3.41 ×
109

1.96 ×
1017

13 Info. from
students
(1) (10%)

J 4.60 ×
1012

1.57 ×
107

7.22 ×
1019

4.96 ×
1013

2.85 ×
1021

14 Info. from
students
(2) (10%)

J 4.88 ×
1013

4.44 ×
107

2.17 ×
1021

1.49 ×
1015

8.55 ×
1022

15 Info. from
students
(3) (10%)

J 5.13 ×
1012

1.34 ×
108

6.88 ×
1020

4.72 ×
1014

2.71 ×
1022

Subtotal 2.94 ×
1021

2.02 ×
1015

1.16 ×
1023
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Abstract Increasingly, higher education institutions (HEIs) are seeking to assess
and report on their sustainability performance. One of themorewidely known assess-
ment tools is STARS (Sustainability Tracking, Assessment and Rating System).
Developed in 2007, STARS has been criticised because of its pressuring character-
istic i.e. it has been designed to support external performance reporting. The LiFE
(Learning in Future Environments) index is a non-committal assessment tool that
allows HEIs to monitor their progress in supporting and embedding sustainability
without the need to reveal their performance externally. LiFE has been adopted by
members of the Environmental Association ofUniversities andColleges (EAUC) and
Australasian Campuses Towards Sustainability (ACTS). This paper presents findings
from a study of James Cook University’s experiences with LiFE since 2013. Scores
suggest JCU has had an inconsistent response to sustainability over the last five years.
The paper describes and discusses some of the factors that have influenced JCU’s
scores and highlights some of the factors that emerged to support or interfere with
the University’s sustainability aspirations. The paper will be of interest to any HEI
using or considering using the LiFE index or anyone who is interested or involved
with embedding sustainability in HEIs.
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1 Introduction: The Role of Higher Education
in Supporting Sustainable Development

It is generally accepted that all HEIs, including universities, have an import role
in encouraging and supporting sustainable development (Lukman and Glavic 2007;
Stephens et al. 2008; Hoover and Harder 2015; Vladimirova and Le Blanc 2016;
Sepasi et al. 2017). Most obviously, HEIs have important roles in educating students
for sustainability and in carrying out sustainability research. However, HEIs are
microcosms of wider society (Macgregor 2015) so they also have responsibilities in
other areas of civic life e.g. land and building management (campus facilities and
operations), encouraging a culture of sustainability within their institutions, and in
broader society by the manner in which they engage with external stakeholders.

HEIs have been responding to sustainability since the 1990s. International dec-
larations acknowledging sustainability, such as the Talloires Declaration (1990),
the Kyoto Declaration on Sustainable Development (1993), the University Charter
for Sustainable Development (1994), and the Bonn Declaration (2009) appear well
supported by many HEIs across the world. For example, the Talloires Declaration
has more than 500 signatories across 59 countries (ULSF 2018). While the level of
commitment to sustainability from HEIs at least in principle seems strong, the core
business of most HEIs in Australia is in attracting students, most of who are young
adults, to courses (students’ fees provide the bulk of income). Many potential young
students are inclined to environmental values (Galbraith 2009; Hewlett et al. 2009) so
it is in the interest of HEIs to present a clean and green image to prospective students
and other external stakeholders. This situation creates potential for ‘greenwashing’
where a HEI portrays support for sustainability when in reality commitment is lit-
tle more than an opportunity to gain or generate media publicity (Gridsted 2011).
Other authors emphasise the importance of transformation i.e. ‘walking the talk’
(e.g. Hoover and Harder 2015). Just because a university has signed an international
declaration does not mean it is actively pursuing it, as Sepasi et al. (2017) notes,
“HEIs should be the subject of change and not merely agents of change”. Legget
(2009) also notes, “what gets measured, gets done and if you are not measuring it,
you are not managing it”. It follows, HEIs must be able to demonstrate how and in
what ways they are transforming towards sustainable development.

The GRI is now the world’s most widely used sustainability reporting framework,
however, being broad the GRI does not fully consider the unique roles HEIs have.
This led some to develop frameworks better suited to HEIs, some of which are
discussed in literature (e.g. Lozano 2006; Fonseca et al. 2011; Ceulemans et al.
2015; Berzosa et al. 2017; Sepasi et al. 2017). Huber and Bassen (2018) reviewed
the more popular frameworks but their review did not consider the LiFE (Learning
in Future Environments) index. In fact, LiFE has received very little attention in
literature. Macgregor (2015) provided a short overview on how LiFE was introduced
to JCU and a brief reference to its use at Plymouth University emerges in a paper by
Wyness and Sterling (2015), but apart from these there is nothing in literature about
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how LiFE supports HEIs transform towards sustainable development. The main aim
of this paper therefore is to fill this gap by presenting what may be described as a
“descriptive case study” (Yin 2012) of the use of the LiFE index by JCU.

There are limitations in presenting a single case study; for example, there is noway
of knowing how similar or different JCU is to other HEIs (Hodkinson and Hodkinson
2001), nor is it possible to demonstrate objectivity in assessment e.g. during scoring
for benchmarking. Despite these limitations, the paper provides useful insights about
the application and effectiveness of LiFE, which should be of value to any HEI with
an interest in sustainability assessment and reporting.

The paper begins with a short chronology of sustainability assessment and report-
ing at HEIs before describing the architecture of LiFE. Then, by describing the ways
in which JCU has and is benchmarking its sustainability performance, the paper adds
to the discourse and extends knowledge about how and in what ways sustainability
assessments at HEIs are carried out. Finally, the paper demonstrates how JCU has
and is performing in its transformation towards sustainable development, through
its teaching and research, its campus greening initiatives, and through its various
engagements with stakeholders.

2 Sustainability Assessment: The Learning in Future
Environments (LiFE) Index

With support from the United Nations Environment Programme (UNEP) the United
States-based non-profit organisation Coalition for Environmentally Responsible
Economies (CEREs) began development of the Global Reporting Initiative (GRI)
in 1997. Triple-bottom-line accounting, i.e. social, environmental and economic,
forms the basis of assessment and reporting in the GRI. The GRI is broadly applica-
ble but emerged mainly to support commercial organisations and so is not best suited
for use at HEIs. Five assessment frameworks that have been developed for HEIs are
notable.

AISHE (Assessment Instrument for Sustainability in Higher Education): AISHE
was originally developed in the Netherlands in 2001. Based on five modules (oper-
ations, education, research, society and identity) AISHE is intended to be both an
assessment instrument as well as a strategy and policy instrument. Unlike STARS
(see below), which requires extensive quantitative data, AISHE is based on qual-
itative information. According to the Environmental Association for Universities
and Colleges (EAUC), AISHE 2 has been applied hundreds of times in at least 11
countries (EAUC 2018).

CSAF (Campus Sustainability Assessment Framework): Cole (2003) developed
CSAFwith CanadianHEIs inmind. There are ten sections within this framework: the
‘ecosystem’ sub-system considers air, water, land, energy andmaterials; the ‘people’
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sub-system considers community, governance, knowledge, health and wellbeing,
and economy and wealth. With more than 170 indicators CSAF is very broad and
comprehensive (Fonseca et al. 2011).

GASU (Graphical Assessment of Sustainability in Universities): Lozano (2006)
developed the GASU framework by modifying the GRI guidelines. By creating
graphical outputs (spider charts) the intention is to make it easier to check an institu-
tion’s progress over time and benchmark it against other institutions (Lozano 2006).
There are four domains within GASU: economic, environmental, social and educa-
tional. The four domains contain a total of 126 indicators making it another compre-
hensive framework.

STARS (Sustainability Tracking, Assessment and Rating System): STARS was
originally developed in 2007 by the Association for the Advancement of Sustain-
ability in Higher Education (AASHE). There are four categories within STARS
(academics, engagement, operations and administration) containing approx. 70 indi-
cators (AASHE 2017). More than 800 HEIs worldwide are using STARS and out
of these 420 have earned either Bronze, Silver, Gold or Platinum status (AASHE
2018). STARS is currently the most widely used of all HEI sustainability reporting
frameworks.

LiFE (Learning in Future Environments): LIFE was developed in the UK and
launched by Australasian Campuses Towards Sustainability (ACTS) in 2013 after
a period of collaboration with sustainability professionals from UK (e.g. member
institutions of the EAUC) and Australian and New Zealand HEIs. The intention
was to ensure LiFE met the needs of contemporary HEIs in benchmarking and
embedding sustainability across all campus areas (ACTS 2017). LiFE contains four
‘priority areas’ (Fig. 1) to track and report sustainability performance: leadership
and governance; partnerships and engagement; facilities and operations; learning,
teaching and research. Within each priority area are a number of frameworks (16 in
all) e.g. leadership and governance contains two: ‘leadership’ and ‘human capital’. It
is important to note that while the number of frameworks in each priority varies this
bares no relation to the importance of the priority area, just the scope of the activity
contained within it (ACTS 2014).

3 James Cook University’s Approach to Sustainability
Assessment for LiFE

JCUwas one of the collaborating universities involved in parts of LiFE’s development
and it was one of the first institutions to adopt the index. Formal endorsement was
made by JCU’s Sustainability Advisory Committee (SAC) in 2013. At the time of
endorsement sustainability governance at JCUwas in its early stages and therewas no
other suitable system in place to benchmark sustainability performance. LiFE index
benchmarking reviews at JCU are conducted over a three-month period (September
to November) on a bi-annual basis. Reviews are conducted under the management
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Fig. 1 Architecture of the Learning in Future Environments (LiFE) index

of the Environment Manager with the assistance of the Sustainability Officer and
others. To date, three reviews have been carried out (2013, 2015, 2017).

As noted above, assessment takes place across 16 frameworks and performance
is assessed against eight activity areas (Table 1).

The 2013 review was done using spreadsheets to collate and review the data.
This proved to be cumbersome and time-consuming. Consequently, JCU introduced
ecoPortal in 2015. This web-based software significantly reduced the time taken to
undertake reviews and it made benchmarking simpler. EcoPortal is available globally
(see: https://www.ecoportal.com/) and it supports many organisations, not just HEIs,
to manage their sustainability monitoring and reporting.

The methods used by JCU to monitor and assess performance in the 16 prior-
ity areas vary considerably depending upon the nature of the area. It is beyond the
scope of this paper to review all methods involved; suffice to say that assessment
involves both qualitative and quantitative methods. For example, leadership perfor-
mance is considered qualitatively and in fact the majority of frameworks are inclined
to qualitative assessment. However, there are a few within facilities and operations
that are assessed using quantitative measures e.g. energy consumption performance.
Assessment typically involves four processes: (1) desktop review with input from
JCU’s Sustainability Advisory Committee (SAC) and members of JCU’s Sustain-
ability Action Group (SAG); (2) some targeted consultations with specific colleges
or directorships; (3) examination of internal documentary information e.g. strategic
statements and performance reports; and (4), consultations with informed personnel

https://www.ecoportal.com/
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Table 1 LiFE activity areas—definitions

Activity area Definition

Policy and strategy Relevant strategies and/or policies are well developed and aligned
with broader university strategic directions

Action planning Action Plans, which incorporate objectives and associated targets,
drive cycles of activity across the university

Stakeholder engagement Key stakeholders (including staff, students, other) review activity
associated with Policy and Strategy and Action Planning and shape
its development

Measurement Policies, strategies and actions are routinely monitored and
evaluated as part of existing university practice

Communications All relevant information is in the public domain. There is a planned
approach to communicating the strategies, its associated activities
and their implications, with stakeholders

Training and support Commitments and/or targets are linked to named individuals or
teams. Staff and students have appropriate sustainability skills and
knowledge, or opportunities to develop them through access to
specialist support

Implementation There is evidence of relevant staff and student-led activity across
the institution

Links to the curriculum Each Framework links to and, where appropriate, is embedded into
formal and informal curriculum activity

e.g. Associate Deans of Learning and Teaching, Course Coordinators, Directors of
business units or similar.

Once a review has been carried out, performance must be translated into numeric
scores for benchmarking purposes. Within ecoPortal scores are as follows: 0 = no
activity; 1 = minimal activity; 2 = moderate activity; 3 = substantial activity; 4
= considerable activity. Reporting scores is usually carried out with the aid of a
traffic light system i.e.: 0 and 1 (red)—little or no progress in the area, activities
are insufficient; 2 (yellow)—some progress in the area, but actions may be isolated,
incomplete or ad hoc and there is room for improvement; 3 and 4 (green)—currently
undertaking best practice or may indicate JCU has taken a coordinated approach or
has strong policies, procedures and/or practices in place.

4 James Cook University’s Performance (2013, 2015, 2017)

Tables 2, 3, 4 and 5 display the benchmark scores recorded for the years 2013, 2015
and 2017 for each framework across the eight activity areas.

JCU’s highlights for leadership and governance in 2013 were demonstrated
through the Strategic Intent, the University Plan, by signing the Talloires Decla-
ration and by establishing the SAC and SAG committees. In 2013 the SAC and
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Table 2 LiFE benchmark
scores—leadership and
governance

A B C D E F G H I

Leadership

2013 3 3 2 2 2 2 2 2 2.25

2015 2 1 2 2 2 1 2 1 1.62

2017 3 2 3 1 2 2 2 1 2

Human capital

2013 2 2 2 2 1 2 3 2 2

2015 1 1 1 1 1 2 3 2 1.25

2017 1 1 1 0 0 1 2 0 0.75

A = Policy and strategy; B = Action Planning; C = Stakeholder
engagement; D=Measurement; E= Communication; F= Train-
ing and support; G = Implementation; H = Links to curriculum;
I =Mean score for priority area

SAG held a number of workshops to develop a sustainability plan, including a set
of 17 high level guiding principles against LiFE index priority areas. The plan and
the guiding principles were endorsed by the University’s senior management for
implementation in early 2014; however, a major change process affecting the entire
university led senior management to abandon the plan and principles. This explains
the significant drop in scoring across the leadership and governance frameworks and
some other frameworks within the LiFE benchmarking for 2015.

JCU’sTropEcoProgramwas established in 2010 and it continues to be JCU’smost
prominent sustainability initiative partly because it is supported by a full-time Envi-
ronment Manager. TropEco leads many sustainability initiatives including: energy
and water consumption, sustainable transport, carbon management, recycling and
waste, biodiversity and environment, Green Colleges, the TropEco Interns Program,
the Sustainable Office Accreditation Program, the TropEco News, food sustainability
(e.g. community gardens) and the annual TropEco Awards.

In 2012 JCU established the Sustainability Program, which is also supported by
a full-time Sustainability Officer. As part of this the Action for Sustainability grants
program was established and projects were initiated allowing staff and students to
apply for grants of up to $30,000 for on-campus sustainability projects.

In 2016 JCU adjusted its Triennium Planning process to include sustainability
priorities and in August 2016 JCU became the first signatory to the University Com-
mitment to the Sustainable Development Goals (SDSN 2018) and began a planning
process to respond to the Goals. It is also notable that in 2018 the SAGwas re-named
the Sustainable Development Working Group (SDWG).

While some positive scores and trends are evident in leadership and governance
there are areas requiring attention. The positions of Environment Manager and Sus-
tainability Officer remain to this day but there has been little other investment in
building human capital and there are still no strategies or action plans for this, hence
the low scores for that priority area. The Human Resources directorate has only
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Table 3 LiFE benchmark
scores—facilities and
operations

A B C D E F G H I

Biodiversity

2013 2 2 2 2 2 2 2 2 2

2015 2 2 2 2 2 2 3 2 2.12

2017 3 3 3 3 3 3 3 3 3

Energy

2013 2 3 2 3 2 2 3 2 2.37

2015 3 3 3 3 2 3 3 2 2.75

2017 2 2 1 3 1 2 2 1 1.75

Resource efficiency and waste

2013 2 2 2 2 2 2 2 0 1.75

2015 3 1 2 3 2 2 3 0 2

2017 4 4 3 4 3 3 3 1 3.12

Sustainable construction and renovation

2013 N/A N/A N/A N/A N/A N/A N/A N/A

2015 3 1 2 2 2 2 2 2 2

2017 3 3 2 1 1 1 2 1 1.75

Sustainable ICT

2013 N/A N/A N/A N/A N/A N/A N/A N/A

2015 2 1 0 1 0 0 1 0 0.62

2017 2 0 0 2 0 0 2 0 0.75

Transport

2013 0 2 2 2 2 2 3 0 1.62

2015 1 1 1 2 2 2 3 1 1.62

2017 1 1 1 2 2 2 2 2 1.62

Water

2013 0 0 0 2 2 0 2 0 0.75

2015 3 2 3 3 2 0 2 0 1.87

2017 2 1 1 3 2 0 2 1 1.5

A = Policy and strategy; B = Action Planning; C = Stakeholder
engagement; D=Measurement; E= Communication; F= Train-
ing and support; G = Implementation; H = Links to curriculum;
I =Mean score for priority area; N /A = not assessed
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Table 4 LiFE benchmark
scores—learning, teaching
and research

A B C D E F G H I

Learn. and teach.

2013 2 2 2 2 2 2 3 N/R 2.14

2015 0 0 1 1 0 2 2 N/R 0.86

2017 3 1 2 1 1 3 3 N/R 2

Research

2013 2 2 2 2 2 2 3 2 2.12

2015 0 0 1 1 2 2 2 2 1.25

2017 1 1 1 3 3 3 4 3 2.37

Student engagement

2013 0 2 2 2 2 3 3 0 1.75

2015 1 1 1 1 2 2 3 2 1.62

2017 2 2 2 2 2 3 3 0 2

A = Policy and strategy; B = Action Planning; C = Stakeholder
engagement; D=Measurement; E= Communication; F= Train-
ing and support; G = Implementation; H = Links to curriculum;
I =Mean score for priority area; N /R = not relevant

Table 5 LiFE benchmark
scores—partnerships and
engagement

A B C D E F G H I

Staff engagement

2013 0 2 2 2 2 2 2 0 1.5

2015 1 1 1 1 1 2 2 0 1.12

2017 3 3 3 3 2 2 3 0 2.37

Community and public engagement

2013 2 2 2 2 2 2 3 2 2.12

2015 1 1 1 1 1 2 3 1 1.37

2017 1 1 2 1 2 2 3 3 1.87

Business and industry interface

2013 2 2 2 2 2 2 3 2 2.12

2015 1 1 1 0 1 1 1 2 1

2017 0 0 0 1 1 0 2 2 0.75

Procurement and supplier engagement

2013 2 2 0 0 0 N/R N/R N/R 0.8

2015 2 2 2 2 2 N/R N/R N/R 2

2017 2 2 2 2 2 N/R N/R N/R 2

A = Policy and strategy; B = Action Planning; C = Stakeholder
engagement; D=Measurement; E= Communication; F= Train-
ing and support; G = Implementation; H = Links to curriculum;
I =Mean score for priority area; N /R = not relevant
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recently become engaged and there is no formal sustainability induction process for
staff or students, however the TropEco team has developed an induction video. Fund-
ing for the Action for Sustainability grants program was radically cut in 2015, e.g.
from $155,000 in 2013 to $24,000 in 2015, and discontinued thereafter. As a conse-
quence there are currently almost no staff or student flagship sustainability projects
underway at JCU.

TropEco’s annual award scheme acknowledges the hard work of staff and/or
students in the four priority areas of LiFE however much of the effort of staff and
students is not well acknowledged, a point that was emphasised strongly in a recent
staff sustainability survey. The overall trend for leadership and governance can be
summarised as; it started well in 2013 but since then the trend has been down.
However, the recent upper management response and effort going into supporting
the SDGs appears encouraging.

JCU is blessed with campuses in ecologically impressive locations. The Cairns
campus is adjacent to the Wet Tropics World Heritage area and the Townsville cam-
pus is nestled in natural bushland on the slopes of Mt Stuart. Both campuses retain
significant biodiversity. In 2016 the Townsville Campus Natural AssetsManagement
Plan (NAMP) and associated action plan was developed and implemented contribut-
ing significantly to the increase in the biodiversity framework. In 2017 the Townsville
Campus Master Plan (TCMP) was released. This plan is broad and comprehensive
and includes many features supporting biodiversity e.g. dry-tropical plantings, green
corridors, eco reserves, courtyards and arboretums. As a result of the NAMP and
TCMP all activity area scores for biodiversity rose in 2017. A Cairns Campus Mas-
ter Plan (CCMP) and NAMP process is also now underway.

The reticulated Campus District Cooling (CDC) systems installed at the
Townsville and Cairns campuses may be regarded as ‘state of the art’ in terms of
energy efficiency. It is thought that the CDC in Townsville effectively reduces carbon
emissions by 25% over conventional cooling systems, saving JCU over $2 million
per annum (Macgregor 2015). Good energy and water measurement activities with
smart meters are also in place, especially in Townsville. However, JCU does not
have a carbon inventory and management plan yet. An Energy and Water Manage-
ment Plan (EWMP) was developed in 2015, resulting in improvements for these two
frameworks in 2015, however a lack of updates to the plan andminimal recent efforts
in these led to a decrease in scores in 2017. The University is also falling behind
other universities on renewable energy implementation.

Much of the effort in waste management during 2012–2015 had been of an ad
hoc nature, mostly led by TropEco projects. Two examples are the Second Life pro-
gram, where used furniture is made available to staff and students for reuse within
the University, and the bio-regen systems, units that turn food waste from kitchens
and refectories into bio fertiliser for use on campus gardens or sold to staff and stu-
dents. Over the last two years a more holistic approach to waste management has
been undertaken. The development of a comprehensive Waste Reduction Manage-
ment Plan (WRMP) and action plan and the high-profile War on Waste program
created improvements across the resource efficiency and waste framework. There
is also evidence of on-ground activities and engagement with key stakeholders e.g.
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waste collection contractors and cleaning contractors. Contracts with collection con-
tractors are designed to ensure effective monitoring of performance and continual
improvement. Short to long-term targets are now identified in the WRMP.

In terms of built capital, the TCMP and Space Rationalisation program provide
direction on sustainable construction, resulting in improvements in 2017 benchmark-
ing. JCU received a LEED Gold building rating for the newly constructed Science
Place building on the Townsville campus. The CCMP will embed similar principles
and the university has indicated a commitment to the LEED building rating system
for future developments.

Some procurement strategies are in place in relation to energy efficiency and
disposal, however the Information and Computer Technology (ICT) department has
been relatively disengaged in regard to sustainability and this is reflected in the ICT
benchmarking. Some ad hoc activities are in place in regard to printing strategies
and energy saving on electronic devices but there is no indication of any strategy or
action planning for sustainable ICT.

Both the Townsville and Cairns campuses are located on the edge of cities so
most staff and students travel to campus by car. TropEco has made efforts to encour-
age more sustainable commuting. Some examples are notable; in 2012 and 2013
a collaborative arrangement between JCU and the local public bus company made
it possible to issue a limited number of cheap student bus passes. The JCU Green
Bike Fleet was also established in 2013. Under this scheme students may purchase
a second-hand bicycle very cheaply and can return it to the fleet when they com-
plete their studies for a small refund. JCU also provides mechanic supported bicycle
workshops at Townsville and Cairns campuses where bike servicing is provided to
students free of charge. Lastly, the mobile phone app GreenRide.com.au is an online
carpooling program for staff and students but unfortunately the app has not been suc-
cessful in gaining broad support from staff and students. The TCMP provides some
direction for transport development but a dedicated transport strategy is required to
coordinate, focus, resource and drive future activities, which JCU currently does not
have.

Historically water conservation has not been a priority for JCU, however in recent
years risingwater costs andwater restrictions on the Townsville campus due to an on-
going drought meant that water efficiency initiatives took greater importance. This
resulted in water efficiency measures being included in the 2015 EWMP and there
has been good progress with installing smart metering at the Townsville campus,
resulting is significant water savings through identification of leaks and wastage.
However, failure to update the EWMP in 2017 meant a drop in scoring for some
activities that year.

JCU offers many undergraduate and postgraduate sustainability-related courses.
For example, majors within science-related courses include: Corporate Environmen-
tal Management, Biodiversity Assessment, Coastal and Marine Management, Land
and Water Management, Marine Biology, Environmental Earth Science, Environ-
mental Management, Zoology and Ecology, Tropical Biology and Conservation.
Encouraging as these are, financial pressures have led to cuts in course offerings, one
of which was the Bachelor of Sustainability (introduced in 2012 and then discontin-
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ued in 2015). Ideally, sustainability should be incorporated or at least considered in
all courses (Boyle 2004; Thomas 2004) but there is no requirement for this at JCU. A
sustainability question was introduced to annual Course Performance Reports (these
are required for all courses) in 2012 but this was subsequently dropped in 2014. There
has been no overarching policy, strategy or action planning guiding the embedding
of sustainability into the curriculum and thus these activity areas have historically
scored poorly in benchmarking. However, the recent embedding of the SDGs in
the University Plan 2018–2022, the Academic Plan 2018–2022, the Integrated Aca-
demic Program (IAP) for international students, and the commitment in the SDG
Implementation Plan to systematically embed sustainability in the curriculum (all of
which have been endorsed by senior management) has led to improvements in the
2017 benchmarking.

JCU has quite a few research institutes and centres that are concerned with aspects
of sustainability. Examples would include: the ARC Centre of Excellence for Coral
Reef Studies, the Cairns Institute, the Centre for Tropical Biodiversity and Climate
Change, the Centre for Tropical Environmental and Sustainability Sciences (TESS),
the Centre for Tropical Water and Aquatic Ecosystem Research and the Centre for
Research and Innovation in Sustainable Education. TESS alone has approx. 90 affil-
iated staff, adjuncts and higher degree (research) students. There is also good evi-
dence of communications activities from many of the research centres e.g. TESS
holds bi-weekly seminars that are open (free) to the public. One research project
that is receiving the highest level of commitment from JCU’s senior management
is State of the Tropics (SotT). Initiated in 2011, this project is analysing a range
of environmental, social and economic indicators to determine if life in the tropi-
cal regions of the world is improving (JCU 2018a). The project considers systems
regarded as essential to progress and sustainability: the ecosystem (e.g. atmosphere,
land, oceans, biodiversity), the human system (society, poverty, health, education,
work), the economy (economic output, international trade, science and technology),
and governance (security, gender equality, infrastructure, communications technol-
ogy). Findings are being reported every three years i.e. 2013, 2017 and 2020. JCU is
a major contributor to the SotT project and it represents a major undertaking of the
University but it is also an exemplar of effective collaborative research, involving 11
universities and research institutions from across the tropical world. As encouraging
as all the research activity at JCU is there is no formal planning or a strategy for
conducting sustainably related research at JCU.

Ahighlight of student engagementwould be the establishment of the permaculture
and community gardens at the Townsville and Cairns campuses. The Cairns com-
munity garden was officially opened in 2016 and is attracting an increasing number
of students, staff and some members of the public in food production. This garden is
also used in small ways to support student learning in formal subjects. The TropEco
intern program provides another good opportunity for student engagement. TropEco
provides a list of projects for students to undertake or students can bring their own
projects to the internship and TropEco staff will help students through supervision,
resourcing andmentorship. A recent refresh of the intern programhas seen four levels
of certification available. While good student communication activities are evident
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from TropEco and the International Office other student focused areas, such as the
Student Association, are currently lacking in their engagement on sustainability.

The SAC and SAG (now Sustainable Development Working Group) committees
and TropEco have provided good opportunities for engagement of staff across all
three benchmarking years. Since 2017 the Sustainable Office Accreditation Program
(SOAP) has also engaged a large number of staff (10 departments and over 500 staff)
to improve their office practices. Designed to empower staff to take responsibility for
their sustainability practices in the workplace, SOAP is an incentive based, voluntary
program that celebrates staff efforts, giving teams a bronze, silver, gold or platinum
status (JCU 2018b). The TropEcoAction Plan has staff engagement as a high priority
and there is good communication through TropEco News Updates. TropEco Awards
also recognises staff (and students) for their sustainability efforts. Overall, it can be
said that benchmark scores for staff engagement are generally quite good but there
is a need to improve human resources processes and engagement on sustainability.

A project that demonstrated positive community and public engagement in 2013
was the Trop Futures North Queensland Schools Network. The project was estab-
lished to build a regional network of school educators with a passion for sustain-
ability. Meetings between members took place and an online sharing network was
established to support members. As part of this the University offered grants ($3,000)
to schools to assist them with their sustainability efforts. However, funding for this
project was discontinued in 2015 and consequently the group is no longer function-
ing. In contrast, a fairly successful and on-going partnership arrangement has been
with the Townsville and Cairns local councils. JCU and Cairns Regional Council
(CRC) collaborate in the annual Eco-fiesta event. JCU’s contribution between 2013
and 2015 was the Sustainability Symposium and Fair. The symposium had different
themes each year e.g. in 2013 it was food security, in 2014 it was consumerism and
sustainability. Eco-fiesta provides an opportunity for local companies and others to
display sustainability-related products, services and demonstrations. The symposium
was discontinued in 2016 but JCU is still actively engaged in Eco-fiesta. The rather
‘hot and cold’ history of JCU’s public engagement demonstrates one of the risks
of not having a university-wide community engagement strategy for sustainability;
without this engagements have been ad hoc and consequently they have fallen victim
to funding cuts. On a positive note, JCU is in the process of finalising an external
engagement plan for implementation in 2018 as part of the SDG action planning. It is
also notable that there are some good curriculum links to community engagement; for
example, many degrees have Work Integrated Learning (WIL) requirements, which
often implies students being placed in local companies or organisations to carry out
project-type work/study.

Engagement at the business and industry interface has also been ad hoc with
most occurring in 2013 mainly through TropEco and some research centres. Again
though, JCU has no policy or strategy for engaging business and industry on sustain-
ability initiatives, as reflected by declining scores in 2015 and 2017. As mentioned
above, an external engagement strategy is currently being developed around the SDG
Implementation Plan but it is not clear how this will be resourced.
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Finally, prior to 2014 there was little formal procurement policy or process and no
procurement office at JCU. In 2014 a Procurement Office was established and a set of
procurement policies and processes were developed. A member on the SAG liaised
with the office around sustainable procurement processes, which contributed to an
increase in 2015 benchmarking. From 2015 to 2017 there was minimal additional
activity regarding sustainable procurement however all previous procurement policy
and processes remain in place. It is notable that JCU complies with Queensland sus-
tainable procurement policy, which provides a good framework around sustainable
procurement but there is certainly scope for improvements.

5 JCU’s Experiences in Using LiFE

There is much that can be said about working with LiFE that is positive. First, LiFE
has been designed by staff from HEIs to be used by themselves and other HEIs. The
system is therefore tailored for HEIs and is fit for purpose. LiFE is comprehensive
and holistic and because the eight activity areas apply across all priority areas and
frameworks it encourages consistency in monitoring and benchmarking. Macgregor
(2015) notes that if HEIs are to support sustainability effectively then efforts need to
be made top-down (upper management) and bottom-up (staff and students). LiFE’s
activity areas consider both which assists in policy development, strategic planning
and in engaging and communicating with internal stakeholders, especially upper
management. The outputs (graphs, tables etc.) are very effective and the system
allows for a narrative to be placed around outputs to help explain performance and
trends. LiFE can be customised for user preferences and there is flexibility to allow
a HEI to prioritise areas and activities.

JCU has observed some positive changes in many of the benchmarked areas but
it has also demonstrated where the University has failed to progress or even tracked
backwards, all of which are important to acknowledge. Like all decision support
systems, what is obtained from them is proportional to what is put in and on that note
LiFE is quite demanding and labour intensive. To be most effective LiFE requires
significant resourcing—especially in terms of time. Ideally JCU would have a fully
dedicated staff member to LiFE but JCU is not in position to fund such a position.
Rather, JCU has two staff that are able to apportion blocks of time to monitoring and
inputting data to LiFE but these staff have other duties and responsibilities. Financial
and human resourcing will continue to be one of the major barriers for HEIs (Leal
Filho 2000; Lopatta and Jaeschke 2014).

LiFE can be rather complicated to use, which may discourage some. However,
LiFE integrates well with ecoPortal and this additional software helped JCU in over-
coming LiFE’s complexity. JCU has also tried to be as holistic as possible, meaning
it has sought to benchmark across all LiFE frameworks and activity areas. However,
it is not necessary to take such an all-encompassing approach; LiFE is very flexible
and users can identify frameworks and activities that are most important to them,
which may make it less complex and resource demanding.
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In JCU’s case the majority of inputs to LiFE are based on qualitative data and the
scoring is based on the perceived value that plans, programs and initiatives etc. have.
There is potential for subjectivity to creep into scoring and benchmarks. Consulting
with prominent and responsible staff during scoring is essential to minimise subjec-
tivity. JCU has also taken an adaptive management approach, i.e. learning by doing
(Berks 2009), trying and testing to see what works most effectively. It is clear that
eachHEI using LiFEwill need to try and test processes to seewhichwork effectively;
however, one area that may require further development within LiFE is in providing
advice and suggestions about what data should be collected and how data may be
translated into scores suitable for benchmarking. This will be important if LiFE is
to become an effective system for comparing HEIs’ sustainability performance. On
that note, currently there is no external audit system available in Australia or New
Zealand (although this is available in the UK). Developing an external audit process
for HEIs that want to demonstrate their sustainability performance to external stake-
holders, and to compare their institution with others, seems like an obvious next step
for LiFE in Australasia.

Like any monitoring and performance reporting system, some stakeholders may
feel exposed or threatened by a ‘test-like’ evaluation (Wyness and Sterling 2015)
e.g. low scores may potentially generate defensiveness or even antagonism towards
LiFE. During engagement with staff JCU has gone to considerable length to stress
that LiFE is not about assigning blame or even identifying under-performance. An
important point to stress to internal stakeholders is that LiFE is essentially a decision
support system to encourage and support sustainable development.

Similar to what was observed previously by Wyness and Sterling (2015) the real
benefits of LiFE for JCU are three-fold: it raises awareness of the importance of
sustainability within the University i.e. staff and students, it encourages staff and
students to consider how they might imagine and support sustainable development
within the University, and it helps staff see how they may already be supporting
sustainability. A fourth very important benefit can be added; it makes it easier to
identify areas of success allowing celebration ofwins via internal and external awards
such as TropEco Awards (JCU) or Green Gown Awards (international).

6 Concluding Remarks

This paper reviewed JCU’s benchmark scores for the 16 frameworks of the LiFE
index over three periods (2013, 2015, 2017). There have been some notable changes
in scores for specific frameworks over the time period but overall there has been little
change in mean scores since benchmarking began. The overall pattern revealed by
the data suggests JCU started fairly positively in 2013, it went backwards in 2015
in many framework action areas, but then things improved slightly so that by 2017
scores were more or less the same as they were in 2013. What drove down bench-
mark scores in 2015? The answer is essentially twofold. First, JCU underwent a
university-wide management restructure in 2014/15 which inevitably captured and
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demanded the attention of many staff, especially senior staff. This restructure was at
least partly motivated by the fact that the University was experiencing a significant
decline in income derived from undergraduate course enrolments—the second issue.
Like most Australian universities undergraduate income forms the bulk of JCU’s
funding and this reduction forced senior management to make quite drastic financial
cuts across the university. The cuts impacted directly on sustainability projects and
initiatives e.g. the Sustainability Action grants program was sacrificed. These two
issues demonstrate an important lesson for all organisations trying to support sus-
tainability; as Cavagnaro and Curiel (2012) forcibly point out, sustainability cannot
be achieved by initiatives that “do not affect an organisation’s core activities [e.g.
greening parts of an organisation’s operations]…an organisation’s main impact is
a consequence of their day-to-day operations”. Failure to build sustainability into
every facet of the institution leaves sustainable development exposed and at risk
when core business, which in the case of HEIs is providing undergraduate courses,
takes precedence in decision-making.

Since benchmarking began JCU has become more sophisticated in the manner it
collects relevant data and generates scores. The adoption of ecoPortal has assisted
enormously in this process and for JCU ecoPortal has become essential to stream-
lining LiFE benchmarking and reporting. We would therefore advise any HEI con-
sidering adopting LiFE to seriously consider also using ecoPortal.

As noted above, there are at least three areas where further research and develop-
ment may add value to LiFE: dealing with areas of potential subjectivity, identifying
what review processes work most effectively, exploring how best to collect data and
translate these into scores for benchmarking. Identifying and providing guidelines
and recommendations on all these would enhance LiFE’s usability and may encour-
age wider adoption. Another area worthy of investigation, perhaps more for LiFE’s
developers, is in developing and providing an external audit system for Australasian
HEIs. Perhaps this could function in a similar way to STARS.

Finally, until this paper very little had been published about the use of LiFE
in HEIs. The case study presented here provides a basis for future case studies
or similar research of LiFE’s use and application. In due course, as use of LiFE
hopefully becomes more widely adopted, examined and reported, opportunities for
comparative studies may emerge which should make it possible for researchers to
demonstrate (or not) the broader applicability of LiFE. As for JCU, the good news is
the University remains committed to transforming towards sustainability in principle
and practice and part of that commitment is on-going use of LiFE to track and report
on the University’s sustainability performance.
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How Green Can You Go? Initiatives
of Dark Green Universities
in the Philippines

Jocelyn C. Cuaresma

Abstract Anumber of Philippine universities have called themselves green schools.
Others have gone beyond being green and consider themselves dark green cam-
puses. Sustainability initiatives in campuses called dark green school (DGS) have
been around since the 1970s. A DGS is considered both as a status and a process
of certification or accreditation. As a status, a certified DGS means that the school
has met certain standards of quality set by the accrediting agency. As a certification
process, it signifies the school’s commitment to continuously enhance and sustain
one’s accomplishments. This paper used the case study method to showcase the poli-
cies and practices of selected dark green universities in the Philippines that have met
the standards of quality of a DGS. Using a mixed-methods approach of analysis of
documents, ocular visits and interviews, this paper examines the strategies and initia-
tives of four universities that are accredited- and/or self-assessed DGS and how they
operationalized the DGS as a whole-school approach. Data gathered illustrate that
beyond the integration of the elements of sustainable development, climate change
and disaster management into the university vision andmission, curriculum, research
and extension services, the selected universities have adopted campus policies and
programs on solid waste management, energy, water and paper conservation, water
conservation and treatment, anti-pollution and clean transport. More than this, the
schools studied have transformed the academic campus into green living spaces,
providing the academic community with green gardens, parks, forests, and native
tree production. The practices of four case universities towards not only a green-,
but a dark green school, show that achieving environmental sustainability requires
a whole-school approach where students, faculty, administration, and the rest of the
academic community cooperate towards achieving sustainability at the university
and community levels.
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1 Introduction

Sustainable development (SD) as a collective goal should today be accepted as valid
(Morelli 2011:19). SD is globally understood to mean the kind of development that
satisfactorily meets the needs of the present generation and have ensured an environ-
ment capable ofmeeting aswell the needs of the future generation (Brundtland 1987).
Hargreaves (2008:69) points to sustainable development as a product of two con-
cepts—development and environmental sustainability. In developing countries such
as the Philippines, the achievement of sustainable development is more difficult to
pursue amidst the simultaneous need to address multi-faceted and competing objec-
tives and priorities of development that include poverty alleviation and environment
conservation, and strengthening of institutions and governance.

The Sustainable Development Goals (SDGs) set by the United Nations in 2015
targeted to be achieved by 2030 can be broadly categorized into three: social, eco-
nomic and environmental sustainability goals. This paper argues that of the three,
environmental sustainability is key and should inform the achievement of the social
and economic goals. Any conflict in concepts or policies should be decided in favor
of environmental sustainability. This point is not tackled here, but suffice it to say that
a clean, healthy environment is the foundation of a vibrant socioeconomic system
(Morelli 2011:21–22). Unfortunately, the perception remains that in the Philippine
context, sustainable development and environmental mainstreaming are not satisfac-
torily understood (Antonio et al. 2012:68), notwithstanding the fact that the Philip-
pines subscribed to SD as early as 1987. Government departments that are primarily
mandated in addressing environmental and climate change issues are eclipsed by the
changing priorities of the Office of the Executive under every new administration and
tend to take a discreet position in their advocacy vis-à-vis high-profile departments
(Ibid).

Although government policies have assigned the main roles in addressing climate
change, environmental issues and sustainable development to national government
departments and agencies, no department, agency or entity has the monopoly of
effort. Universities are not prevented from voluntary and continuous engagement in
things that matter. In the assessment of Leal Filho et al. (2018), global and national
policy agenda on climate change have increasingly directed the way universities
frame their governance agenda. In the Philippines, universities over the last 20 years
have taken up the challenge of contributing towards SD, enhancing the curricula
with concerns about the environment, climate change, disaster risks, and transform-
ing taught theories and principles into practice within the university and beyond
(Cuaresma 2017). A number of universities have declared their commitment to the
pursuit of a green school, if not a dark green school (DGS). The pursuit of the DGS
is very much informed by the global framework on sustainable development and
various government laws on the environment, sustainable use of natural resources,
environmental education and related policies that affect the way we all live.
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1.1 Research Question and Significance of the Study

The pursuit of a dark green school (DGS) is a thoughtful endeavor. It requires
resources, planning for the long-term, and commitment to a sustainable quality of
life for all generations. As a form of accreditation, the DGS closely adheres to the
general understanding of accreditation (Ching 2013:64, 67; Conchada and Tiongco
2015). Ching (2013:63) argues that accreditation is both a status and a process. As
a status, a DGS certification means the school has met certain standards of quality
set by the accrediting agency. As a process, it signifies commitment to continuously
enhance and sustain one’s accomplishments.

Taken as an accreditation scheme, theDGS is a test of commitment to the pursuit of
SD, particularly the practice of environmental sustainability. Philippine universities
have SD principles into their vision and mission statements and have strived to
integrate these in their degree programs and capacity building activities (Cuaresma
2017). But less is known about how they have transformed the university campus into
a sustainable campus conducive to teaching and learning. What have the universities
done to practice in campus what they preach? Desk research and literature review
reveal the paucity of organized data and studies on DGS practices of Philippine
universities. Content analysis ofwebsites ofmajority of state universities and selected
private schools (Ibid) reveal that DGS practices and experiences are present and
raw data are available waiting to be mined, organized and shared to reach a wider
audience. A number of universities are quite advanced in their practices but majority
may not have properly documented their internal policies on DGS.

The paper explores the concept of the Dark Green School (DGS) as a framework
in the formulation of university initiatives towards environmental sustainability. It
seeks to answer the questions: What is a Dark Green School? What does it take to be
an accredited DGS? How is the DGS as a concept operationalized in selected Philip-
pine universities? This research contributes in raising awareness and understanding
on the variety of strategies through which universities may practice campus sustain-
ability. The study hopes to motivate universities in formulating strategies towards
environmental sustainability in their respective campuses andmake a self-assessment
of the state of their compliance to the national mandate and contribution to the global
agenda for sustainable development. The paper’s significance rests on the value of
the initiatives, how such initiatives can make a difference in raising environmental
awareness, changing mindsets and in effectively addressing the environmental prob-
lems of today. The study helps promote the idea of DGS as a framework that any
university may adopt, and seeks to generate support towards the idea of institutional-
izing DGS as an accreditation tool. The study brings to light the big and small efforts
of universities that can transform campuses into livable and healthy communities of
learning.
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1.2 Methodology, Scope and Limitations

The paper offers a discussion of university strategies to sustain internal operations,
and some significant examples of university initiatives for the larger community,
region and country. The case approach is used to examine the strategies of four uni-
versities to become a DGS. The research was undertaken over the last six months
from March to August 2018 and applied a two-tiered research methodology in data
gathering and analysis. First, a rapid survey of university websites was done to deter-
mine the extent of adoption of the DGS as a whole-school approach in governance.
Data from websites are triangulated with findings from researches, laws and pol-
icy issuances and related resources. Second, four (4) universities found to adopt
and highly exemplify the DGS framework were selected as case studies and visited
for data gathering and interviews. The study is informed by the criteria used in the
accreditation of Dark Green Schools by the Philippines Network of Educators on
Environment (PNEE), the proponent of the DGS concept, and the criteria applied by
the Department of Environment and Natural Resources-Environmental Management
Bureau (DENR-EMB) in assessing the performance of universities who joined the
National Search for Sustainable and Eco-Friendly Schools (NSSEFS).

As an independent assessment, this paper does not intend to validate the accredi-
tation and the awards earned by the case universities. Rather, the analysis is focused
on showcasing the initiatives towards making the campus and its internal operations
sustainable, and the school’s contribution to the sustainability of the larger commu-
nity. The paper proceeds in Sect. 2 with a review of related literature on Education
for sustainable development and the value of the concept of whole-school approach
in school governance, and a brief discussion of policies on SD that universities must
implement. This is followed by an example of a global ranking of green universities
and similar initiatives in the Philippines. Section 3 showcases the strategies of four
DGS in four SD areas. Sections 4 and 5 contain the conclusion and recommendations
for research.

2 Theory, Policy and Practice in Sustainable Development

2.1 Education for Sustainable Development

Education is an essential component of sustainable development (UNESCO
2012:33). Education for sustainable development (ESD) requires the embedding
of sustainable development issues into teaching and learning. ESD requires not only
infusing the curricula with matters about the environment and development. Leal
Filho (2015a:4) noted the changing meaning and focus of ESD from putting empha-
sis on environmental issues to an enlarged scope that includes social, political, eco-
nomic and ecological concerns, as well as the tools and processes by which people
may develop the knowledge and competencies that will enable them to contribute
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towards a sustainable society. To help achieve sustainable development, educational
institutions are enjoined to adopt a multiple-perspective approach in teaching and
learning (UNESCO 2012; Leal Filho 2015a), which is similar to the whole-school
approach to education for sustainable environment (Hargreaves 2008; Galang 2010).

A whole-school approach to ESD directly implies the integration of sustainable
development in school curricula and all school activities, rather than teaching sep-
arate academic subjects on SD. The whole-school approach means engaging in
the practice of integrated governance, long-term planning, stakeholder and com-
munity involvement, sustainability monitoring and evaluation (UNESCO 2005:4;
Hargreaves 2008:69; Galang 2010). Leal Filho, Shiel and Paco (2015, cited in Shiel
and Smith 2017:14) used the phrase ‘holistic sustainability thinking’ to refer to inte-
grative approaches to sustainability in higher education. Shiel and Smith echoes Leal
Filho’s observation that examples of integrative approaches to sustainability in higher
education remain limited.

The importance of campus sustainability or campus greening is explained by Leal
Filho (2015b:359). Campus greening as a framework for sustainability is understood
as a demonstration of commitment of universities to the pursuit of SD. Its benefits can
be long-term, economic, community-inspired, and speaks of the quality of services
of the institution. Henderson and Tilbury (2004) documented at least four whole-
schools initiatives, such as Enviroschools of New Zealand, Green school Award of
Sweden, Green school Project of China, and FEE Eco-schools and ENSI. They
showed that the adoption of whole-school approaches to sustainability in schools in
various contexts are important in engaging communities toward sustainability.

2.2 Policy Responses to ESD

Prior to the 1992 Rio Declaration, the Philippine government’s commitment to SD
through environmental education was already contained in the Philippine Strategy
for Sustainable Development (PSSD) formulated in 1987. The PSSD evolved into
the Philippine Agenda 21 (PA21) of 1996 in response to the 1992 Earth Summit in
Rio de Janeiro (Reyes 2014; Chandran et al. 2017; DENR-EMBwebsite). The PA21
basically sets the national action agenda for sustainable development for the whole
country.

Stronger emphasis on global environmental educationwas the purpose of the hold-
ing of the UNDecade on Education for Sustainable Development 2005–2014, which
called for a reorientation of education towards a clear focus on the development of
knowledge, skills, perspectives and values that strongly relate to sustainability. The
Philippine Government’s response is the formulation of the National Environmental
Education Action Plan for Sustainable Development (NEEAP4SD) 2005–2014. In
2008, the government legislated Republic Act (RA) No. 9512 to promote environ-
mental education and national awareness on the environment. RA 9512 was used
by the DENR-EMB as platform in launching the NSSEFS, with the Department of
Education (DepEd), Commission on Higher Education (CHED) and Smart Commu-
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nications, Inc. as cooperating agencies. Then in 2017, the government formulated the
National Environmental Education Action Plan (NEEAP) 2018–2040, which spelled
out the aim of ESD, to wit, “to empower students through education, and enable them
to shoulder their responsibility of creating a sustainable future”. In the context of the
NEEAP, ESD is to be understood in terms of education for sustainable consumption
and production, environmental education, green schools, and climate schools.

RA 9512 boosts the importance of environmental education in four provisions.
First is the identification of the education agencies (DepEd, CHED, TESDA), inclu-
sion of the Department of Social Welfare and Development, and two coordinat-
ing agencies (DENR and Department of Science and Technology) as responsible
agencies. Second is the provision on the identification of theoretical and practicum
modules on activities that included, among others, tree planting; waste minimiza-
tion, segregation, recycling and composting; freshwater and marine conservation;
and forest management and conservation. The third provision is the inclusion of
environmental education and awareness in the National Service Training Program
(NSTP1). The fourth provision is on the primary responsibility lodged on the DENR
to periodically inform all agencies concerned on priority environmental education
issues for national action (Sections 3, 4, and 6, RA 9512).

In addition to RA 9512, the Philippine Congress passed other laws on or related to
SD, particularly on clean air, solid waste management, clean water, biofuels, climate
change, and disaster risk management (see Table 1). The education agencies and
universities were among the first ones to adopt strategies to implement the laws.

2.3 Green Campus: Criteria for Ranking

Ranking in campus sustainability is an area of interest in the Philippines and abroad.
An example of such ranking is the GreenMetric (UIGM) World University Ranking
(UI 2015) sponsored by the Universitas Indonesia. The UIGM is a global ranking of
universities developed by the University of Indonesia in 2010 where universities may
share information on their sustainability practices (Tiyarattanachai and Hollmann
2016; Holm et al. 2012; UI 2015). The value of the UIGM is evident in the number
of participating universities, which has grown from 95 universities from 35 countries
in 2010 to 360 universities from 62 countries in 2014. The UIGM utilizes six (6)
main criteria to assess university initiatives on achieving sustainability, the practice of
which should result in a desirable quality of life in university campuses (see Table 2).

The importance of the UIGM rests on the fact that four Philippine universities
joined the ranking in 2017 and received the following ranks (Table 3) out of a total
of 619 participating universities worldwide.

1The NSTP was implemented under RA 9163 or the National Service Training Program Act, dated
January 23, 2002.
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Table 1 Laws on or related to sustainable development and environmental education

Law Date Subject Agencies with
mandate

Other concerned
agency and
schoolsDepEd? CHED?

RA 8749 June 23, 1999 Clean Air Act Yes No

RA 9003 January 26, 2001 Ecological Solid
Waste
Management Act

Yes Yes

RA 9147 July 30, 2001 Wildlife
Resources
Conservation and
Protection Act

No No UP Institute of
Biological
Sciences; UP
Marine Science
Institute; UP
Visayas; Silliman
University

RA 9275 March 22, 2004 Clean Water Act Yes Yes

RA 9367 January 12, 2007 Biofuels Act No No

RA 9512 December 12,
2008

National
Environmental
Awareness and
Education Act

Yes Yes Technical
Education and
Skills
Development
Authority
(TESDA)

RA 9513 December 12,
2008

Renewable
Energy Act

No No

RA 9729 July 27, 2009 Climate Change
Act (CCA)

Yes No

RA
10121

May 27, 2010 Disaster Risk
Reduction and
Management
(DRRM) Act

Yes Yes

2.4 The Dark Green School Initiatives in the Philippines

The seminal idea of the Dark Green School (DGS) in the Philippines was initiated
in 1987 (Galang, June 29, 2006) by the Philippines Network of Educators on Envi-
ronment2 (PNEE, formerly the Environmental Education Network of the Philippines
or EENP), a non-government advocacy group composed initially of eight (8) aca-

2The Philippine Association of Tertiary Level Educational Institutions in Environmental Protection
andManagement (PATLEPAM)was created in 1995. It similar to PNEE in its advocacy for environ-
mental education (Reyes 2014:89; PATLEPAM 2018). PATLEPAM is a network of 380 public and
private colleges and universities. The DENR-EMB is its Permanent Secretariat. The heads of the
CHED, the EMB and the President of the EENP are ex-officio members of the PATLEPAM Board
(Segovia and Galang 2002:4). PATLEPAM was commissioned by the DENR in December 2003
to write environmental modules for the implementation of the NSTP. The NSTP modules became
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Table 2 Universitas Indonesia GreenMetric (UIGM) World University Rankings 2017, criteria

Criteria Weight (%) Examples of Indicators

Setting and
infrastructure

15 Campus setting, campus sites, campus land area,
parking area, floor area of buildings, area covered
in vegetation and forest, area for water absorption
besides forest and vegetation; number of students,
academic and administrative staff, and university
budget

Energy and climate
change

21 Use of energy efficient appliances, smart building
and green building implementation, production of
renewable energy in campus, electricity usage,
programs to reduce greenhouse gas emission, and
total carbon footprint

Waste 18 Program to reduce use of paper and plastic, waste
recycling, toxic waste handling, organic and
inorganic waste treatment, sewerage disposal

Water 10 Water conservation program, water recycling, use
of water efficient appliances, water consumption

Transportation 18 Number of cars and buses owned by the university;
number of vehicles, entering the university daily;
number of passengers per shuttle bus; trips to the
campus per day; parking area size; initiatives to
reduce parking area; campus shuttle service;
policy on bicycle and pedestrians; approximate
distance travelled per vehicle per day in campus

Education 18 Course offerings related to environment and
sustainability; funds dedicated to environmental
and sustainability research; scholarly publications
on environment and sustainability; scholarly
events related to environment and sustainability

Source Universitas Indonesia, http://greenmetric.ui.ac.id/ accessed on March 10, 2018

demic and research institutions. The PNEE’s plan was to develop the DGS as a whole
institution approach and accreditation system for its members to assess their perfor-
mance in the area environmental education. The PNEE Secretariat is the School of
Environmental Science and Management of the University of the Philippines, Los
Baños Campus. Today, the PNEE is a self-sustaining network of 68 academic and
research institutions and one federation of nongovernment organizations (Segovia
and Galang 2002:4; Galang 2010:174–176; Reyes 2014:89). Among its goals is to
bring together colleges, universities, research centers, and nongovernment organi-
zations whose advocacy is to promote and advance environmental education for
sustainable development.

The DGS idea of the PNEE came earlier than national and global events on envi-
ronmental sustainability. For instance, the Philippines’ adoption of the Philippine

known as the Environmental Conservation through Citizens’ Organized Participation and Support
or ECO-CORPS.

http://greenmetric.ui.ac.id/
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Table 3 Rank of 4 Philippine Universities in the UIGM World University Rankings of 2017

Criteria De la Salle
University-
Dasmariñas

Xavier
University-
Ateneo de
Cagayan

Foundation
University

Mindanao State
University-
Iligan Institute
of Technology

Rank in 2017 94th 385th 496th 525th

Setting and
infrastructure

539 841 412 415

Climate change 1288 911 968 568

Waste 1626 1026 750 774

Water 580 330 170 205

Transportation 713 411 711 763

Education 985 574 322 352

Total score 5731 4093 3333 3077

Note The highest rank is number 1
Source http://greenmetric.ui.ac.id/overall-ranking-2017/

Strategy for Sustainable Development happened in 1989. The holding of the United
Nations Conference on Environment andDevelopment on June 3–14, 1992, led to the
formulation of Agenda 21 or the Global Program of Action for Sustainable Develop-
ment (UNCED 1992). The Philippine government followed suit by issuing Executive
Order No. 15 on September 1, 1992, creating the Philippine Council for Sustainable
Development. Then in 1995, the government issued PresidentialMemorandumOrder
No. 288 to direct the formulation of the Philippine Agenda 21, which was eventually
adopted in 1996.

In support of the NEEAP 2005–2014, the PNEE (Galang 2010) promoted the
DGS as an explicit policy to direct the integration of environmental education into
the government’s sustainable development goals. The PNEE pursued in July 2005 a
project called “Developing a Framework for Assessing Dark Green Schools in the
Philippines” with fund support from the Foundation for the Philippine Environment
(FPE), and gathered its members in a congress to develop the DGS idea into an
accreditation framework for its member-schools (FPE, accessed on July 11, 2018).

InMay 2007, the PNEE commenced to advocate the Dark Green School as frame-
work in the accreditation of higher education institutions in the country. Galang
(2010) defines or describes a dark green school or university as one that has estab-
lished its strength and niche of engagement that allows it to contribute to sustain-
ability within and outside the university. It also means developing coherent cur-
riculum and being able to reconcile academic thinking and university governance
practices. Together with the CHED, the PNEE launched the DGS accreditation pro-
gram covering four criteria: (1) greening the curriculum; (2) environmental outreach
program; (3) policy, and (4) environmental preparedness and response (Nomura and
Abe 2008:11). Using these criteria, PNEE-member schools were rated at 3 levels

http://greenmetric.ui.ac.id/overall-ranking-2017/
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Light Green Green Dark Green

3 years accreditation 5 years accreditation 7 years accreditation

Fig. 1 Levels of accreditation of Green Schools as perceived by the PNEE. Source Galang (2006);
Interview with Galang, July 11, 2018

under the DGS framework depending on the extent and scope of accomplishments
(Fig. 1).

The PNEEhas accredited two private- and three state universities asDGS, namely,
Miriam College, De La Salle University-Dasmariñas, Palawan State University,
Southern Luzon State University, and Visayas State University (Galang, Interview,
July 11, 2018). According to Galang, a DGS accreditation requires certain musts: (1)
the school must have an efficient solid waste management program; (2) a reforesta-
tion program, and (3) and office and officer in charge responsible for implementing
environmental sustainability programs. Galang asserts that “one has to be as envi-
ronmental as possible and act to achieve one’s objectives with minimal impact on
the environment”. To date, accreditation as a DGS remains voluntary, and only the
five PNEE member-universities mentioned above have been accredited.

2.5 National Search for Sustainable and Eco-Friendly
Schools

The passage of RA 9512 in 2009 was the impetus for the DENR-EMB to launch the
National Search for Sustainable and Eco-Friendly Schools (NSSEFS). The NSSEFS
was also considered as the government’s support to the ASEAN Environmental
Education Action Plan for Sustainable Development 2014–2018 (DENR April 4,
2017). The search is held once every two years and encourages public and private
schools at all levels (elementary, secondary, and tertiary) to get actively involved in
environmental programs. The NSSEFS criteria for the higher education category3

are summarized below (Table 4).
Support to the NSSEFS has grown over the last ten years. In addition to the

DepEd and CHED as cooperating agencies, the Nestle Philippines, Smart Commu-
nications, Inc., the One Meralco Foundation, and the Land Bank of the Philippines
have joined the DENR-EMB as partners. From 2009 to 2017, 15 NSSEFS awards
have beenwon.4 Winners at the national (and regional) categories receive a certificate
of recognition and cash prize. Special categories were awarded to schools such as
the Nestle Leadership for Water, and Meralco Energy Leadership Award starting in
2013 and Land Bank Green Leadership Award in 2017 for the school’s promotion
of water management solutions and practices, practices and initiatives in electrical

3The elementary and high school categories are rated using another set of criteria.
4Beginning 2015, previous winners are not allowed to participate again.
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Table 4 National Search for Sustainable and Eco-Friendly School (NSSEFS) Criteria, DENR-
EMB, Philippines

Criteria Points Brief description of the criteria

Administration 10 Clear articulation of social, ethical and environmental
responsibility in the vision, mission; campus planning,
design and development to achieve/surpass zero net
carbon/water/waste; policies and practices to foster
equity, diversity and quality of life in campus

Curriculum and
instruction

20 Integration of social, economic and environmental
sustainability across the curriculum

Sustainability
programs

40 The campus as a living laboratory; operations and
maintenance programs, monitoring, reporting
continuous improvement; practice of cultural diversity.

Research 10 Research on sustainability topics

Extension 10 Community outreach and service, partnerships with
schools, government, NGOs, and industry

Student
involvement

10 Student involvement in environmental learning;
eco-club among students

Total score 100

Source https://emb.gov.ph/wp-content/uploads/2017/04/2017NationalSearchforSustainableandEc
oFriendlyScholl.pdf

safety, energy efficiency and conservation, and overall promotion of environmental
sustainability. The national winners for the tertiary education category from 2009 to
2017 are listed in Table 5.

In a nutshell, awareness towards campus sustainability in the Philippines ismount-
ing. The NSSEFS put more emphasis on sustainability programs. In comparison, the
GreenMetric places more weight on energy and climate change initiatives. On the
other hand, the PNEE’s presence needs to be felt more strongly by its members, and
is yet to encourage its members to submit themselves for accreditation.

3 Dark Green Schools: Findings from Four Universities

This section puts together the Dark Green Schools’ policies and strategies of four
(4) selected universities:

• Central Luzon State University (CLSU)
• Miriam College (MC)
• De La Salle University-Dasmarinas (DLSU-D)
• Ateneo de Manila University (ADMU)

The selection is composed of a state- and 3 private universities that have been
recognized as DGS, or has won the NSSEFS. The schools were purposively selected

https://emb.gov.ph/wp-content/uploads/2017/04/2017NationalSearchforSustainableandEcoFriendlyScholl.pdf
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Table 5 Nationalwinners, tertiary level category,National Search for Sustainable andEco-Friendly
Schools

Award 2009 2011 2013 2015 2017

1st price Palawan
State
University
(PSU),
Puerto
Princesa City

De La Salle
University-
Dasmarinas

Visayas State
University

Foundation
University,
Dumaguete
City

Don Mariano
Marcos
Memorial
State
University,
La Union
Province

2nd price Visayas State
University
(VSU),
Baybay,
Leyte

PSU Miriam
College,
Quezon City

St. Paul
University,
Dumaguete
City; and
University of
La Salette,
Santiago
City, Isabela

Western
Philippines
University,
Aborlan,
Palawan

3rd price Catanduanes
State
Colleges

Ateneo de
Manila
University
(ADMU),
Quezon City

ADMU Central Bicol
State
University,
Pili,
Camarines
Sur

Naval State
University,
Biliran

Nestle
Philippines,
Inc.

VSU University of
the
Cordilleras,
Baguio City

Urdaneta
City
University,
Pangasinan

One Meralco
Foundation

VSU Universidad
de
Zamboanga
(UDZ),
Tetuan,
Zamboanga

UDZ

Land Bank DMMMSU

Source EMB News Release, November 2017; DENR News Release, November 25, 2015; VSU
News Release, January 14, 2014

based on the extent of coverage of the schools’ green initiatives. For purposes of this
paper, the DGS initiatives of the four universities are grouped into two: (1) campus
sustainability initiatives to improve the internal university operation; and (2) initia-
tives for the larger community. The first set of initiatives are further categorized into
three areas: (a) campus greening and biodiversity; (b) energy and water conservation
and anti-pollution measures; and (c) solid waste management.
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3.1 Profile of Featured Universities

Three of the case study universities have been around since more than a century
ago, with the ADMU being the oldest at 159 years. Miriam College is an exclusive
school forwomen.MC,DLSU-D andADMUare administered based on an academic
formation grounded on Catholic values. CLSU is a state university (Table 6).

The CLSU was originally established in 1907 as the Central Luzon Agricultural
School, a farm school. In 1950, its status was elevated into a state university. Today,
it pioneers in research in agriculture, aquatic culture, ruminants, crops, orchard and
water management. Its vision is to become a world-class National Research Univer-
sity for science and technology in agriculture and allied fields (CLSU Strategic Plan
2016–2040).

The CLSU is a self-assessed Dark Green School. It begun to promote environ-
mental protection and conservation in 1995. It established the Environmental Man-
agement Institute (EMI) in 1997 to get more involved in the conservation and man-
agement of the natural environment. The EMIwas expanded into the ICCEMwhen it
was given additionalmandate on climate change impact and adaptation. The EMI for-
mulated the University Comprehensive Environmental Management Plan (CEMP)
and created the Task Force on EnvironmentalManagement (CLSUwebsite, accessed
on June 16, 2018). The CEMP has five (5) program components:

• Environmental Non-Formal Education Program
• Ecological Solid Waste Management Program
• Dark Green School Program (DGSP)
• Green Technology and Productivity for Environmental Enhancement Program,
and

• Biodiversity Conservation and Management Program.

Miriam College (MC) integrated environmental issues into the curriculum in the
1970s. It has embedded in its vision and mission statements the respect for the envi-
ronment (“sacredness of creation”), commitment to work for an “ecologically sound
environment”, and to develop people whowill become pillars of sustainable develop-
ment. MC believes that people are stewards of creation, rejects the destruction of the
environment and waste of resources, and commits itself to a lifestyle that sustains the
health of the planet for now and for future generations. As a DGS, MC values truth,
justice, peace, and the integrity of creation. Student, faculty and staff involvement in
environmental sustainability is a way of life at MC. Through the Environment Stud-
ies Institute (ESI), MC adopted the whole-school approach, which means imbuing
people with the knowledge and skills needed to protect and improve the environ-
ment, fostering awareness and environmental advocacy, empowering communities,
and promoting a sustainable and eco-friendly way of life (www.mc.edu.ph). MCwas
second prize winner in the 2013 NSSEFS.

The DLSU-D campus is located in the Province of Cavite. It has 40 academic
buildings spread in a 27-ha land area. It was awarded a 7-year accreditation as a
DGS by the PNEE on February 24, 2009 and was the first university in the country to

http://www.mc.edu.ph
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Table 6 Profile of study areas

Schools CLSU MC DLSU-D ADMU

Type State university Private; Catholic Private; Catholic Private

Year created 1907 1926 1987 1859

Student
population

10,863
(AY
2016–2017)

8,000 (Main and
Nuvali
Campuses)

11,962 (2008) 14,524
(AY
2015–2016)

Location Region 3
Central Luzon

Quezon City,
Metro Manila

Region 4A
Southern
Tagalog
Mainland

Quezon City,
Metro Manila

Land area (ha) 658 18 27 90

Sustainability
office

Institute for
Climate Change
and
Environmental
Management
(ICCEM);
Ramon
Magsaysay—-
Center for
Agricultural
Resources and
Environment
Studies
(RM-CARES)

Environmental
Studies Institute
(EMI)

Environmental
Management
Center

Ateneo
Environmental
Management
Council; Ateneo
Institute of
Sustainability

Sustainability
plan

CLSU Strategic
Plan 2016-2040;
University
Comprehensive
Environmental
Management
Plan

Miriam PEACE
(Public
Education and
Awareness
Campaign for
the
Environment)

Campus
Development
and
Sustainability
Plan
2012–2027;
DLSU-D
Strategic Plan
2015–2020;
DLSU-D
Research on
Cavite
Development:
Research
Roadmap for the
Next 50-Yearsa

Sustainability
Guidelines and
Emergency
Management
Plan (2016)

Recognition Self-assessed
DGS

DGS-PNEE DGS-PNEE Self-assessed
Green School

Awards CHED Center of
Excellence in 6
programs, e.g.,
Agriculture,
Forestry

NSSEFS PNEE, UIGM,
NSSEFS

NSSEFS

Sources of data websites of the four universities; various documents
aDLSU-D Annual Report 2009–2010
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be conferred a DGS status (Ramos 2014). The green school initiatives of DLSU-D
are traced to the creation of an ad hoc committee in 2001 to comply to the require-
ments of RA 9003 or the Solid Waste Management Act (Interview, May 25, 2018).
On the following month, DLSU-D created the Environmental Management Center
(ERMAC). Since then, DLSU-D adopted a series of policies on solid waste and ini-
tiatives to institutionalize its green status. DLSU won the first prize in the NSSEFS
in 2011.

ADMU is a private, sectarian university committed to build a sustainable campus.
Its advocacy is to make the campus a living laboratory—where there is freedom
to explore, to be creative, opportunity for students to gain real world experience
inside the campus, to practice social sustainability, and promote the human well-
being. It is committed to adopt energy and water conservation technologies, practice
waste and effluent management, balance green spaces and built up areas protect local
biodiversity, and incorporate sustainable designs in its buildings (ADMU 2017:31).
ADMU’s journey towards sustainability goes back to 2008 with the conduct of the
waste audit of Loyola Schools. The following year, the Ateneo Environmental Man-
agement Coalition (AEMC) for the Loyola Schools was established. The coalition
later became an office to lead in implementing the university’s strategic thrusts. In
2013, the Institute of Sustainability was created, which was considered the culmi-
nation of ADMU’s environmental initiatives (ADMU 2017:4). To ADMU, campus
sustainability means the pursuit of three equally important objectives: (1) social
development or social formation, health and well-being; (2) economic development
or wise management of university resources, and (3) environmental development or
protection and restoration of campus ecology (www.ateneo.edu). ADMU won the
3rd place in the 2011 and 2013 NSSEFS.

In sum, the four universities have set up their respective center or office on envi-
ronment, climate change or sustainability, integrated sustainability in their vision,
mission and goals, and took a variety of initiatives to comply with government direc-
tives on or related to sustainability and environment.

3.2 Campus Greening and Biodiversity

The planting of native trees, gardens and biodiversity parks are among the projects
undertaken by the four universities to transform their campuses into a livable place
for learning and connecting with nature. The CLSU has put up four types of Con-
servation Parks—first, to grow perfumery and endemic plants such as Madonna
Lily; second, to propagate medicinal plants and botanical pesticide plants such as
Oregano; third, to grow Phytoremediators such as Tiger’s Tail and Bromeliad; and
fourth, to nurture flowering and ornamental plants such as Brisbane Lily and Yellow
Bell. The CLSU campus houses environment-oriented facilities ranging from the
Fruit Research Techno-Demo Center, Parks and Wildlife Center, Lingap Kalikasan
(Care for Nature) Park, an organic veggie park, the BiodiversityMuseum, a botanical

http://www.ateneo.edu
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garden, nurseries, and a green house. It holds tree planting activities every month
of November. Environmental signages are installed inside the campus to constantly
remind everyone to care for the environment.

Miriam College has transformed its campus into a living laboratory. MC’s Tree
Planting Project involved the inventory and mapping of native trees and selection
of native trees to be planted in campus. MC manages a two-hectare Mini Forest
Park in campus to serve as venue for lessons on waste segregation, water-sampling,
and bio-diversity. The campus is designed with an eco-trail that allows the school
community and visitors to enjoy the greenery. The MC Science Garden serves as
a student laboratory for hands-on activities in urban gardening, animal husbandry,
hydroponics, aquaponics, and vermiculture. The Science Garden houses a nursery,
potting shed, planting beds and boxes, a pond and aquaponics area, vegetable trellis,
container gardening, and herb, medicinal and butterfly garden serving as an outdoor
classroom.

The DLSU-D issued its environment policy in October 2011, formulated the
Campus Sustainability Plan in January 2012, adopted guidelines for green meetings
in February 2012, and approved the Green Building Guidelines in September 2012.
Anothermilestonewas achievedwhenDLSU-D launched theProjectCarbonNeutral
in June 2012, to assess the carbon footprints of DLSU schools and help remove as
much carbon dioxide from the atmosphere. Part of the project is the university’s 10-
year carbon emission reduction program called Black Out! Green In! Through the
program, the academic community is enjoined to engage in ways they can easily do
such as recycle papers, metal and plastics, use of rechargeable batteries, walk, ride
bike, bring own shopping bag, not to use Styrofoam, and eat less beef.

About 40% of the DLSU-D Campus is vegetated with more than 1,000 trees,
with 63 species of native, hardwood and fruit bearing trees. An Eco-Center (seedling
bank) was established in July 2005 to propagate native trees. In September 2006,
DLSU-D launched the One Million Trees and Beyond Project, and planted its first
tree seedlings. It inaugurated the Centennial Botanical Garden in July 2011, which
functions as an environment-friendly classroom alternative. On November 11, 2011
DLSU-D joined the One La Salle Tree Planting activity, and was one with the De La
Salle Philippines in declaring the first Friday of every month as Lasallian Earth Day
beginning in June 2013.

Of the 90 ha total land area of ADMU, 60.47% are green spaces. Inside the
campus is a wildlife sanctuary, two Materials Recovery Facility (MRF) for waste
segregation and recycling, four waste water treatment facilities, two vermicompost-
ing facilities, and an electric vehicle charging station. Two buildings have a rainwater
harvesting system, and three other buildings with water retention or detention pond.
Beginning in 2008, theADMUhas aimed to consciously “translate sustainable devel-
opment aspirations into changes in habits, lifestyles, andmindsets” (ADMU2017:2).
ADMU capped its efforts with the establishment of the Ateneo Environmental Man-
agement Coalition in 2009, and its eventual expansion into theAteneo Environmental
Management Council in 2011. The culmination of efforts was recognized with the
creation of the Ateneo Institute of Sustainability in 2013. Two other bodies were
created in support of sustainable transport: the Ateneo Traffic Group in 2011 and the
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Campus Safety and Mobility Office in 2014. In 2016, Ateneo released its Sustain-
ability Guidelines and Emergency Management Plan. ADMU pursued sustainability
in three areas: energy efficiency, water, launched the Ateneo High School Blue Goes
Green Campaign in 2015. Disaster and environment literacy workshops are held for
faculty, students, staff and administrators.

Unique to ADMU is their Community Cat Program undertaken in partnership
with a student organization (Ateneans Guided and Inspired by Love for Animals or
AGILA) and the Philippine Animal Welfare Society. ADMU recognizes that cats
contribute to the ecological balance in campus, and thus manages the cat population
in a most humane way to ensure that the cats are properly treated at the same time
that they do not cause health and safety issues.

3.3 Energy Conservation, Water Conservation
and Anti-pollution Measures

All four universities have adopted energy conservation measures. CLSU policies
included carpooling, rational use of air-conditioning units, unplugging of electrical
equipment and appliances in offices and cottages when not in use. The university has
installed solar panels to energize the green house irrigation system and street lights
on the highway fronting the CLSU. Incandescent bulbs in offices have been replaced
with compact fluorescent bulbs. Biogas is produced to energize the conservation
parks.

MC’s energy, water and resources conservation initiatives are summarized into the
MakiTIPS (or Maki-Tipid, Impok, Punan, Sinop, which means Save and Conserve)
program. The MakiTIPS program aims to develop cost consciousness among the
members of the school community and persuade them to save on energy, water and
other resources. Its water conservation policies include the five-day school shut down
annually to reducewater wastage, closure of water faucets onweekends, replacement
of leaking faucets, and use of water from the creek to water the lawns during summer.
Similar policies are adopted to conserve energy such as unplugging of appliances,
computers, and machines on weekends. The holding of classes after 6:00 in the
evening are clustered near offices to minimize unnecessary use of energy. Light
bulbs for lamp posts have been replaced with of LED (Light Emitting Diode) flood
lights. Idling of vehicles in parking lots is prohibited.

The DLSU-D launched Project ICON (ICT Creates Opportunities for Nature)
in November 2011 to raise awareness on the impact of computer and communica-
tion technology. Faculty and students were encouraged to donate to ICON obsolete
electronic equipment for proper disposal and handling. On February 22, 2012, the
DLSU-D approved its guidelines to govern the conduct of Green Meetings, aimed
at maximizing the use of resources while minimizing wastes. Bicycle racks were
installed in strategic areas to encourage more use of bikes. The Parents Organization
of La Salle Cavite, Inc. (POLCA) assisted the University in the provision of campus
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transport services. In 2009, the POLCA invested on the first De La Salle electric
jeepney or eJeepney. Solar lamp posts were installed at the University Grandstand
using its cash prize from winning the 2011 NSSEFS award. The ERMAC Office
converted to solar energy in July 2012. The installation of solar panels at the 300-m
covered walk transcending the oval road enabled the university to save 2 MW of
electricity per year and reduce its carbon emission by 18 tons per year. As of June
2015, 673 LED lights have been installed, resulting in savings of Php 70,000/month
from reduced electric consumption (DLSU-D, June 2015).

Through the Campus Safety and Mobility Office, ADMU implemented various
projects to ease vehicle traffic inside the campus and its immediate vicinity. ADMU
created theAteneoTrafficGroup in 2011, considering the volumeof vehicles entering
the campus and to manage the traffic along the main road fronting the university.
ADMU launched the eTrike or electric tricycles in 2009 to ease campus traffic and
reduce carbon emission. The eTrikes are found to create very minimal noise and
zero carbon emission (Ferrer 2015). To further minimize the volume of vehicles
entering the campus, ADMU deployed four units of electric shuttle vehicles in 2013
to ferry students and staff from one building to another. Other strategies included the
staggered scheduling of daily classes by 15 minutes, delineation of bicycle lanes to
encourage the use of bikes, installation ofmore bicycle stands, and roofs onwalkways
to encouraged walking in campus. Student-organized carpools were supported with
designated parking slots for ease of access (ADMU 2017:37).

The ADMU has been closely monitoring its solid waste, monthly water and elec-
tricity consumption, and levels of greenhouse gas (GHG) emission. It has professed
commitment to adopt energy and water conservation technologies, practice waste
and effluent management, balance green spaces and built up areas, protect local
biodiversity, and incorporate sustainable designs in its buildings (ADMU 2017:31).

3.4 Solid Waste Management

The case universities have regularized their policies and programs towards solid
waste management (SWM). At CLSU, the proposal to introduce Environmental
Management Studies blossomed into the RM-CARES. The first project of RM-
CARESwaswastemanagement. The project evolved into the Ecological SolidWaste
Management Program in 2000. Strategies adopted include the systematic control,
retrieval and disposal of waste, restricted use of plastics and other non-biodegradable
packaging and aim for zero waste, conserve energy, develop clean technologies, and
advocate behavior change towards environmental cultural revolution (CLSUwebsite,
accessed on June 16, 2018).

MC also put up an MRF, and practices waste segregation. Efforts to minimize
paper waste included the issuance of a policy on recycling of used paper to print
internal documents, bulk purchase of bond paper to reduce packaging and save fuel
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for delivery, paperless transactions such as online registration of students, use of email
for internal memos and communications, and provision of paper bins to systematize
paper segregation, disposal and recycling.

The DLSU-D also put up an MRF in July 2001 and issued a policy on waste seg-
regation. In support of its SWM program, capacity building on SWM for university
personnel was conducted in June 2002. The Clean-As-You-Go (CLAYGO) policy
was issued in June2003. In July 2005,DLSU-Dput up a composting facility to require
the processing of biodegradable waste into organic fertilizer and a centralized sewage
treatment plant to generate renewable energy from garbage. The vermicomposting
facility became both a learning area and an income generation project. Composts are
sold to generate funds for the ERMAC’s environmental programs. On November 1,
2011, the DLSU-D issued a policy prohibiting the bringing and use of Styrofoam,
plastic bags and straws and other non-biodegradable materials in campus. Policies
on SWMwere codified into the DLSU-D Student Handbook on Waste Management
Program.

ADMU’s solid waste management program is properly informed by its policy on
material procurement, which in turn is guided by the following policies: (1) value the
best available technology; (2) environment-friendliness; (3) cost-efficiency; and (4)
preference of recyclables over disposable products (ADMU 2017:34). Solid waste
is properly segregated into recyclables, e-wastes, compostable and residuals. From
April 2014 to May 2016, the Loyola schools were able to divert 31,385 kg of recy-
clables through theMRF, earned from its sale, and incentivized themaintenance staff.
Like DLSU-D, ADMU has issued the CLAYGO policy, required waste segregation,
and encouraged everyone to use recyclable food containers. As mentioned above, all
Loyola schools were subjected to a waste audit in 2008.

3.5 Extension Programs for the Larger Community

The CLSU has an extensive record of community initiatives to promote biodiversity
conservation, and manage forest, freshwater, mangrove, and coastal ecosystems not
only for the province ofNuevaEcija, but forCentral Luzon and other regions. CLSU’s
engagement with nature is topped by its conservation program of the Mt. Makiling
Forest Reserve and the Ipo Dam watershed, and the management of the 100-ha site
for ranch-type buffalo production and forestry development in Carranglan Town in
Nueva Ecija. Extension programs for communities in Nueva Ecija include the Adopt-
a-Mountain Program in Pantabangan, Adopt-a-Street Program, School Clean-Up,
and Tree planting at Sitio Carranglan.

MC’s important extension program is its partnershipwith theDENR to co-manage
for 25 years 180 ha of forest land in theLower SierraMadre5 within theKaliwaWater-
shed in Barangay Laiban, Municipality of Tanay, Rizal Province. Started in 2004,

5The Lower Sierra Madre covers the provinces of Quezon, Rizal, Laguna, Bulacan, Nueva Ecija,
and Aurora.
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MC is tasked to transform the area into a sustainable and replicablewildlife conserva-
tion site, protect its natural habitat, and promote eco-historical tourism, agroforestry,
and community education for the upland farmers and indigenous peoples in the
Lower Sierra Madre communities (MC Annual Report 2011–2012, page 17). The
Sierra Madre sites also serve as venue for NSTP immersion programs and capacity
building programs. MC has reforested 19 ha with indigenous tree species and fruit
trees, with a reported zero casualty of seedlings planted. The extension program is
implemented in cooperation with a community partner and area volunteers.

Similar to Miriam College, the DLSU-D established partnership with the DENR
in October 2003 to be in charge of the protection and management of the Mount
Palay-Palay Protected Landscape, manage it to be the site for tree planting activities
and for the conduct of university outreach programs. In support of this, the University
established the DLSU-D Eco-Center, a seedling bank for the propagation of Philip-
pine hardwood and native trees. The DLSU-D has planted a total of 45,880 upland
trees and mangroves in the protected area from 2013 to 2014, with the assistance
of 3,586 volunteer-students, employees, parents, alumni and partners. In February
2013, the DLSU-D installed solar bulbs in partner communities.

4 Conclusion

This paper showcased the important strategies of four DGS. All four schools have
achieved a certain level of quality in ESD, evidenced by the SD-inspired vision and
mission statements, creation of a sustainability office, and formulation of long-term
plans and awards received. All four schools adopted a whole-school approach to
ESD.

The four universities are found to have adopted similar strategies to reduce carbon
emission, develop and use renewable energy, conserve energy and water resources,
manage solid waste and transform their campuses into green, healthy living and
learning spaces. Remarkable is the propagation and planting of indigenous trees and
gardens. The four universities have taken small and big steps from simple acts of
paper recycling, closing water taps, and using more energy efficient LED bulbs, to
water harvesting and recycling, and installation of solar panels in campus buildings.

Beyond these strategies, the universities contribute to national sustainable devel-
opment through the management of forests and watersheds in coordination with the
government agencies, i.e., DENR, private sector and civil society. The approaches
and strategies of the universities covered here suggest that there is no one model to
suit all needs. Instead, there are many models and frameworks which elements can
be combined to arrive at one’s desired sustainability framework.

What makes the universities truly dark green is measured by the intensity and
sustainability of their efforts at greening the university. Following the whole-school
approach (Galang 2006), solid waste management, for instance, goes beyond waste
segregation, and must proceed to recycling, composting, waste reduction, conser-
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vation, income generation and savings. The universities studied have shown that
they can go dark green and be intensively committed to transforming the university
campus into exemplars of environmental sustainability.

As a whole-school approach, the DGS requires a university governance where
stakeholders including school administrators, faculty, students, parents, the local
community, and concerned agencies contribute to policy formulation and imple-
mentation. Following the whole-school approach to DGS of the four universities,
campus sustainability means a lot more beyond greening the curriculum and univer-
sity research. It means going back to the basics of proper resources utilization and
conservation, adoption of green technology, bringing back the school garden parks
and forests, and rendering similar activities for the benefit of the larger community.

In sum, the top strategies in DGS in the four universities are: (1) solid waste man-
agement, less use of plastics, waste segregation, paper recycling; (2) clean energy,
renewable energy, energy conservation; highly ventilated classrooms and offices; (3)
green transport, electric jeepneys, walking, biking, shaded walks; (4) water recy-
cling, water conservation; (5) anti-pollution measures, no smoking, (6) awareness
campaigns; (7) involvement of the whole academic community including students,
parents, staff and faculty; and (8) creation of parks, gardens and forests in campus.
In addition, the university’s commitment extends to the local community through
continuing engagement in capacity building for livelihood and the environment. To
cap these strategies, the universities are partners of the government in the caring and
preservation of forests.

Two important success factors in becoming a DGS may be identified. First is
the set of institutional decisions in support of campus sustainability, which includes
SD-inspired university mission and vision, the formulation of long-term plans, and
creation of an office on sustainability or environmental management. Second success
factor is stakeholder engagement, which is present in all universities at the level of
planning and implementation. Areas of success are observed in the use of green
energy, improved utilization of non-renewable resources, waste management, and
sustained community engagement.

Amidst their accomplishments, the universities have to deal with implementation
issues in order to sustain the gains. Based on interview data, one common concern is
stakeholder compliance particularly in the areas of solid waste management, energy
conservation and vehicle-caused pollution control. The habit of using recyclables
and less use of plastics, for instance, and bringing one’s own recyclable containers
can take a while to become a natural habit. In the area of reducing vehicle pollution in
campus, the success rate is capped by concerns for children safety and inefficiencies
of the public transport system. In the private universities, the bringing of children
to school in private vehicles remain paramount to secure their welfare and safety.
Similarly, the public transport system in Metro Manila and its environs is quite
unreliable. Available public transport for short distance travel such as tricycles and
jeepneys are generally poorly maintained and known smoke belchers.

On the other hand, awareness and behavior change is rising in favor of environ-
mental sustainability. Reyes (2014:98) showed that people are capable of changing
attitudes in favor of driving less, signing petition on an environmental issue, donat-
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ing money to support an environmental cause, joining environmental causes, par-
ticipating in public protests. The need remains to further deepen the cooperation,
partnership, and attitude reorientation to achieve DGS status.

Finally, accreditation remains to be a voluntary process, and a private-initiated
endeavor. The initiative of the DENR-EMB to establish the NSSEFS brings in gov-
ernment as stakeholder in the assessment of campus sustainability. The national
recognition and modest incentives received by winning schools can go a long way in
engendering sustainability in all schools. The NSSFS needs strengthening to encour-
age more and more public and private to aspire for excellence in environmental
sustainability.

5 Way Forward and Future Research

The DGS framework is yet to become a requirement for accreditation among its
member schools. The PNEE could consider strengthening the implementation of the
DGS framework andmove towards the accreditation of all its members. In the case of
the NSSEFS, the national government through the DENR-EMB is on track towards
institutionalizing DGS practices in schools. The NSSEFS is a welcome recognition
of the commitment of schools towards environmental education and sustainability.
The NSSEFS should be considered a requirement in all public schools and a basis for
evaluating budget requests for environmental sustainability-related school activities.

Information in this paper on the achievements and contributions of many uni-
versities in engendering dark green schools is still rather limited. Further research
is necessary to broaden the discourse, widen the sharing of information, and col-
lectively assess our gains and progress towards sustainable development. The room
for improvement is still wide to more significantly reduce carbon footprint in uni-
versities and communities (Serrano 2016). Strategies of universities not covered in
this study have to be shared and replicated. The VSU, for instance, one of the few
PNEE-accredited DGS in the country and winner of the NSSEFS in 2013 (VSU
website), pursues ‘rainforestation’ as an approach to bring forests back. The VSU
is an advocate of the accreditation of timber-species nursery and has been engaged
in the conservation and rehabilitation of watersheds in the Visayas and Mindanao
(VSU News January 14, 2014).

Finally, this paper did not tackle in detail the partnerships of universities with local
government units (LGUs). For their part, LGUs are mandated under several laws
to undertake several environmental management functions. They have a mandate to
implement provisions of the Ecological SolidWasteManagement Act on solid waste
management, regulate pollution under the Clean Air Act, and implement a program
on anti-smoke belching under RA 8749, among others. LGUs are also to establish
greenbelts and tree parks, manage communal forests and watershed, and carry out
integrated social forestry projects all under RA No. 7160 or the Local Government
Code of 1991. The universities studied have similar engagements with LGUs which
need to be shared.
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Abstract The University of Passo Fundo, during its 50 years of implantation, has
searched to insert itself into the urban landscape of the city, in urban or landscape
terms. The methodology for elaboration of the Environmental Management Plan of
the Flora in the Campus I attends the Environmental Management System guidelines
of the UPF. Tree species were identified in botanic survey and defining the Permanent
Preservation Areas, with individual components from the native vegetation in the
region of the Mixed Ombrophilous Forest. From these surveys the formation of an
ecological corridor with a strip of native vegetation was pointed as a mitigating
measure, creating a green area for the interconnection of these arboreal fragments;
it equally indicates the implementation of a vegetal replacement plan with native
species. The importance of this area is highlighted by creating an environment where
users (internal and external community) can perceive several examples of flora;
besides contributing to the improvement of the microclimate with a dense green
area interconnecting several buildings. The University does not only strengthen its
formation role of students and teachers and external community that use Campus
I as an urban park, but also enhances the sustainable performance in the local and
regional area.
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1 Introduction

Over the last decades, a lot has been spoken about necessary changes in order to
obtain Sustainable Development along with social, cultural and economic aspects.
However, its conceptual bases still are in discussion and consolidation, meanwhile,
in other occasions, they result as partial actions.

Progressively, experiences that concretize the beginnings of a sustainable soci-
ety are more representative. The University, as part of this society, has a role of
extreme importance in this transformation process, recognized by the Talloires Dec-
laration (ULSF 1990) and the UNESCO’s DESD (Decade of Education for Sustain-
able Development) for 2005–2014 (UNESCO 2005), which was called “Education
for Sustainability”.

Tomashow (2014) highlights some efforts to incorporate sustainability into uni-
versities, according to “The nine elements of the sustainable campus”: energy, food,
material flows, management, investments, well-being, studies programs, interpre-
tation and esthetics. According to him, these elements relate the decisions of the
community and along with the integrated implementation of them, leadership and
effective results are generated to transform the campus, its agents and the community,
to which the university has the role of fostering sustainable ethos; in addition, the
campus serves as a new way of thinking about higher education.

The Anglo-Saxon model adopted by many universities in Brazil, like the campi
placed on distant areas from the urban center is no longer convincing, considering
that, inmost cases, urban growth took the direction of these specialized urbanizations,
thus, the limits between “cities” and “university cities” no longer show common
borders (Carreras 2001; Pinto and Buffa 2009).

The inexistence of implementation andmanagement plans of newurbanized struc-
tures resulted in conflicts such as urbanization of rural areas, lack of accessibility and
difficulties in mobility (accesses, transit and transport) and the lack of connection to
the so-called perimeter city. Beyond these questions, there are also the environmental
concerns: the impact on the environment between the natural and the constructed, the
generation of residues, the use of hydric and energetic resources, and other themes.

The real situation shows us that though the compromise gathered in the Talloires
Declaration, few university institutions include these concerns on their Master Plans,
and, more commonly, most do not adopt it.

This way the knowledge about green areas and its various benefits may be seen
as an important constituent of urban quality of life, climatically quality and the
quality of urban green spaces as a key factor in making cities attractive and viable.
Making needed the realization of the urban planning directed to the good coexistence
between the most diverse aspects at the infrastructure and sustainability (Grunewald
et al. 2017; Li et al. 2017).
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Analyzing since the scopes from rural to the urbanized centers, as seen that the
cities are growing and crowding itself at the university campus. The formation of heat
is directly influenced by the presence of diverse factors, such as the verticalization,
the albedo, the lack of green areas and the intense circulation of vehicles (Santana
2014; Gunnarsson et al. 2016).

Being that one of the forms to minimize the climatic changes, is the planting of
trees, this way increasing the city landscape and climate resilience (Franco et al.
2013).

Thus, the grow guidelines must predict green areas, as well instigate the preser-
vation of existing areas and increase the use of already modified areas (Sanesi et al.
2016). Where according with Garcia (2017) “Urban ecological sustainability has
been considered using an interdisciplinary approach which aims to integrate social
aspects, green architecture designs and traditional ecological issues”.

Because, to obtain a pleasurable climatic comfort it is needed public and private
management policies that ensure the mutual socialization between green and con-
creted areas, which provide the necessary comfort at the ambit of climate, visual and
heal of users, students and workers (Aronson et al. 2017).

Along with the 50 years of the Campus I of the Universidade de Passo Fundo,
located in Southern Brazil, the infrastructures have been enlarged in built stock, open
spaces and green areas. Moreover, the present work shows the process of implemen-
tation of UPF’s main campus, as well as its specific relations with the green areas
and the vegetation species, that recently became as Permanent Preservation Areas
(PPAs).

The paper has the objective of discussing the university planning instruments,
questioning the managerial practices adopted to improve sustainable principles in all
activitieswithin the campuses of theUPF structure, present in eight cities in theNorth
of Rio Grande do Sul—Brazil. Pointing the green areas is a feasible way to show
to the academic community their relevance in landscaping terms and micro-climate
conditions, and also, seeing that Campus I became a “live laboratory” to learn about
environmental and social sustainability, involving the external community that uses
the UPF’s main campus as an urban park.

Unfortunately, environmental sustainability knowledge and application is limited
in Brazilian universities, together with an introspective view to evaluate their prac-
tices and policies that should propose changes to achieve a participatory planning to
improve Sustainable Development, as well as concrete actions and the making deci-
sion process. That being said, maybe this analysis will encourage other universities
to do same assessment.
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2 Methodology

The University de Passo Fundo is located in northern Rio Grande do sul—Brazil.
The main campus—Campus I—Has 42 ha situated at the borders of the urban zone,
as presented by the Fig. 1, with an increasing built area, experimental lands of agri-
culture, green areas and Permanent Preservation Areas (PPA).

In order to develop the survey, all the administrative instruments of the Fundação
Universidade de Passo Fundo [Foundation University of Passo Fundo] were con-
sulted. The analysis started with the purposes and guidelines of the University’s
creation in the decade of 1960 until the most recent and other bibliographic ref-
erences, especially those elaborated by Guareschi (2001, 2012) and the analyses
formulated by Frandoloso (2018a, b).

In order to document the existent green areas and vegetation at Campus I, survey
reports were elaborated along the ten years of field survey, such as the ones published
by Melo and Severo (2007) and Melo et al. (2015).

The flora acknowledgement started in 2002 and it was made a monitoring survey
each five years of the vegetation composition inUPF’sCampus I. Through a botanical
data collection, made by wandering through the afforested area and identifying,

Fig. 1 Localization of the UPF Campus I in Passo Fundo—Rio Grande do Sul. Source Authors,
2018
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quantifying and classifying the arboreal examples by consulting Backes and Irgang
(2004), Souza and Lorenzi (2008), Forzza et al. (2010) and consulting specialists.

The botanical data collection, was made considering the whole area, with spec-
imens taller than 10 cm from the chest level (1.30 m) (Brasil 2018). Although, the
permanent preservation areas determination was made according to regulations from
CONAMA—Conselho Nacional de Meio Ambiente (Conama 2002) and the 12.651
forest code (Brasil 2012).

3 Environmental Planning in UPF’s Campus I

In accordancewith other Brazilian universities, the foundation of theUniversidade de
Passo Fundo in 1967 was owed to the incorporation of superior educational centers,
already existent and autonomous, not following a pre-stablished model of university
organization, but being built gradually by the local circumstances and attending the
standards of higher education laws (Guareschi 2001).

As a physical structure, the first planning reference remits to the “Pré-Plano da
Cidade Universitária” [Prior Plan to the University City] (Ariel 1958 apud Guareschi
2001). Figure 2 represents the project’s image. The project had foreseen a population
on 7,600 students in 40 years, which adopted the “city park” guideline, appreciating
the green elements of afforestation. The plan also forecasted a residential zone for
students, teachers and officials. For economic reasons in that time, the plan was
considered impracticable, but it was incorporated in the consolidation of the Campus
in the decade of 1970.

This process was registered by Guareschi (2001, 2012), describing the guidelines
to themulticampi organization, the physical campus and the experience of planning,
evaluating and managing. The conception of the Campus I, according to the Master
Plan of 1972, followed sharply theNorth-Americanmodels and politics (Atcon 1978;
Fávero 2006; Pinto and Buffa 2009).

With the objective of “promoting studies, surveys and planning tending to foment
regional development”, the IPEPLAN (Instituto de Pesquisas e Planejamento) was
created in 1969, beginning with a generic performance, but incorporating physic
planning and the elaboration of budgets for the first buildings of the main campus
(IPEPLAN 1970, 1973).

Therefore, from the implantation of the Campus I in 1973 there was the need of
specific planning of the building expansion, denominating internal commissions in
1986, 1990 and 1994. They focused on functional aspects of new buildings and a new
road system and infrastructure, in environmental terms, as observed by Frandoloso
(2018a), the emphasis was concentrated in esthetics and landscaping aspects, not
only for the preservation of natural vegetation in a little part of the land, but also the
construction of a scenery in the areas mainly occupied by underbrushes.
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Fig. 2 Image of a 1958’ Master Plan for the UPF Campus. Source Universidade de Passo Fundo,
2018

The Universidade de Passo Fundo obtained in 2007 the Operating License of the
FundaçãoEstadual de ProteçãoAmbientalHenriqueLuizRoessler [State Foundation
of Environmental Protection Henrique Luiz Roessler] considering it was adequate
to the current environmental law. According to the licensing from the making of the
Sistema de Gestão Ambiental [System of Environmental Management] (Assumpção
2011); this license was renewed in 2017 for two years longer.

Since 2010, institutional planning has been suffering a process of fundamental
decisions that guided the UPF to create the Institutional Development Plan (PDI)
for the years 2012–2016 (UPF 2012) and later revised and renewed to the years
2017–2021 (UPF 2016). From the starting point of the PDI 2012–2016, the Social
and Environmental Development Policy of the Universidade de Passo Fundo was
created (Dalmolin and Moretto 2014), which is why in the year of 2012 spots a new
way of viewing sustainable planning.

According to Frandoloso (2018b), the process of consolidation of an environ-
mental plan is this way triggered inside the university structure, but it still needs
to be discussed in the proactive group, by the definition of guidelines, principles
and goals in each thematic axis and, later, opened to discussion and approval by the
academic community and the administrative structures (Rectory and Foundation of
Universidade de Passo Fundo).
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Fig. 3 Aerial view of the UPF’s Campus I in the beginnings of the 1970s decade. Source Univer-
sidade de Passo Fundo, 2018

The characterization of the Campus I from the University of Passo Fundo, has
suffering changes trough the years, demonstrated at the Figs. 3 and 4. Besides iden-
tifying its localization among the maps since the national to local level at the Fig. 1.

In the guidelines of the planning instruments of the UPF specific themes were
incorporated, between then the preservation of Permanent PreservationAreas (PPAs),
which can be seen in the Fig. 4. The original area of pasture and agricultural produc-
tion were transformed into big wooded areas, that are currently seen as a big urban
park, open to the local and regional community.

4 The Monitoring Plan for the Campus’ I Flora

Considering the Monitoring plan of the Campus’ I flora of September 2012, where
the Permanent Preservation Areas (PPAs) were identified and localized according to
the guidelines of the institution’s Environmental Management System, as well as the
conditions of the Operating License (12/2012 DL), alongside with the Fundação de
Proteção Ambiental Henrique Luís Roessler (FEPAM—RS) [Environmental Protec-
tion Organization]. Regarding the hydric resources, the PPA was defined following
the current laws, considering the Forest Code, the Law number 4,711, from Septem-
ber 15th, 1965 and the CONAMAResolution 303/2002. The Permanent Preservation
Area was marked in the Blocks P and K, L, Q, M and I of the Campus I of the UPF,
as showed in the Fig. 5, following the law and the natural regeneration of the areas.
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Fig. 4 Aerial view of the UPF’s Campus I in 2018. Source Universidade de Passo Fundo, 2018

Fig. 5 Map of the Preservation Areas of the Universidade de Passo Fundo’s Campus I, with the
purpose of an ecological corridorI. Source Authors, 2018
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Fig. 6 General aspect of the Block L with the natural regeneration of the formed entourage that
creates the ecological corridor. Source Authors, 2018

Fig. 7 General aspect of the preservation of the Block L with the entourage in natural regeneration
ongoing, close to the Food Engineering Building (L1). Source Authors, 2018

As a mitigating measure, an ecological corridor can be formed with a native
vegetation line, creating a new green area to connect these arboreal fragments, as the
Figs. 6, 7 and 8 present.

Between the Blocks K and P the enlargement of the PPA in direction to Block P
can be observed, due to the enrichment from native forest species implanted along
the years and the natural regeneration with pioneer species of the region in the
forest behind the Residues Center (Building K3), in direction to the route BR 285.
Furthermore, considering the compensatorymeasures using enrichmentwith seeding
of native species and allowing the natural regeneration of these fragments it is verified
that it is possible to integrate the area to the other PPAs. It is also possible to form an
ecological corridor among the Blocks Q, P, M, K, L and I, allowing the reintegration
of the flora and fauna in a line of native vegetation, as shown in Fig. 9.



200 E. F. R. Q. Melo et al.

Fig. 8 General aspect of the preservation area of Block Q with the entourage with natural regen-
eration ongoing, in the farming area close to the street that leads to the Law Building (U1). Source
Authors, 2018

Fig. 9 General aspect of the preservation area of Block K close to the UPF’s effluent treatment
station. Source Authors, 2018
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Fig. 10 Example of Bracatinga (Mimosa scabrella) composing the natural regeneration of the
preservation area in Block I at the border of the street that gives access to the Law Building (U1).
Source Authors, 2018

A botanical data collection of the main species regeneration found in the
Permanent Preservation Areas was made. The following species stand out: Red
Aroeira (Schinus terebinthifolius), Bracatinga (Mimosa scabrella), Guaicá (Ocotea
puberula), Fumo Bravo (Solanum sp.), Leiteiro (Peschiera fuchsiaefolia), Mam-
ica de cadela (Zanthoxylum rhoifolium), Timbuava (Enterolobium contortisiliquum),
Vacum (Allophylus edulis), Vassoura (Baccharis sp.), among others, as illustrated in
Fig. 10.

In themonth of September 2012, a new data collection wasmade in the streets that
give access to the Center of Events and the Law Building identifying more than 120
examples (Fig. 11). Some flowerbeds were forested with Gerivá ou Jerivá (Syagrus
romanzoffiana) showing 45 examples of different sizes (Fig. 12).

It was verified the need of an update of the vegetation data, considering the expan-
sion of the infrastructures that attend the increase of the number of students in the
University of Passo Fundo’s Campus I, as well as inserting the vegetation species
that, in the data collection of 2006, showed diameter and chest height smaller than
the stablished as minimum reference to be quantified. Thus, there had already been
presented the results of the data collection referred to the Blocks B, C and E, in the
2013 Flora Monitoring Report of the University of Passo Fundo. In this report the
blocks A, D, G, H, L, O and Q were also referenced (Fig. 13).

Seeing that, all the tree species that compose the forestation of the Blocks A, D, G,
H, L O and Q were listed by popular name, scientific name and component families
of the study area. Analyzing some characteristics of the vegetation along the different
blocks of the campus the diversity is highlighted, native as well as exotic, the great
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Fig. 11 Examples of Canafistula (Peltophorum dubium) and Purple Ipê (Handroanthus heptaphyl-
lus) used in the forestation of streets in the accesses of the UPF’s Campus I. Source Authors,
2018

Fig. 12 Examples of Gerivá or Jerivá (Syagrus romanzoffiana) used in the forestation of streets
and flowerbeds in the Campus I, UPF. Source Authors, 2018
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Fig. 13 Location of the Blocks A, D, G, H, L, O and Q in the general map of UPF’s Campus I,
2014. Source University of Passo Fundo, 2014

number of examples and the Myrtaceae species, the presence of Handroanthus sp.
planted in line, besides the big areas of prevailing monospecific vegetation.

Frame 1 demonstrates the results obtained by the botanical inventory. The species
that showed more occurrence were Eucalyptus sp., Cupressus sp., Handroanthus
heptaphyllus, Handroanthus chrysotrichus, Araucaria angustifolia, Peltophorum
dubium, Pinus sp., Grevillea robusta, Tipuana tipu, Hovenia dulcis, Cedrella fis-
silis and Jacaranda mimosifolia. The extinction threatened Erythrina crista galli,
Erythrina falcata,Araucaria angustifolia,Gleditsia amorphoides andDicksonia sel-
lowiana stand out.

The presence of examples of Xaxim (Dicksonia sellowiana), Araucaria (Arau-
caria angustifolia), Açucará (Gleditsia amorphoides) and Corticeira do Banhado
(Erythrina crista galli) and Corticeira da Serra (Erythrina falcata) is an important
document to the vegetation at risk, or extinction threatened, related in the red lists,
and, this way, showing its education importance and worries about nature preserva-
tion. It is observed that the tree examples implanted along the years and the different
administrations had different goals, but always seeking to preserve the older examples
already implanted and inserting new native examples. The Eucalyptus, Grevillea and
Pinus species were planted in several spaces aiming to serve as “wind-breaking” or
“natural curtains”. There is a need of handling because of the phytosanitary damage.

The importance of this area stands out for creating an ambient of unique beauty in
the central area of the Campus I, where the users may perceive several examples of
regional’s flora mixed with exotic species, besides contributing to the improvement
of the microclimate with a big and dense green area connecting several buildings.

By the analyzing the results, it shows that there is a big predominance of native
species, in relation to the exotic, though it is verified that by the number of examples,
the same level of relation is not always maintained. It is important to emphase that
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Frame 1 Main tree examples of Block A of UPF’s Campus I, 2014. Source Authors, 2018

the Campus I’s native vegetation contains vegetation that needs special conditions
of management and attention, being that they may be found in red lists, threatened
of extinction.

It is also important to lay emphasis that many epiphytes species occur, such as
bromeliads, orchids, besides the bryophytes, lichens and pteridophytes of different
families, mainly bioindicators, which demonstrates the good ambient conditions of
the area.

The survey identified that in the Campus I’s central area there is an example of
Corticeira do Banhado, highlighting specially its inflorescence period, creating a
scenic area of contemplation and preservation. This observation is valorized consid-
ering the threat of extinction of this example. The preservation of this example in the
landscaping composition of the Campus allows the educational recognizement, the
appreciation of the vegetal heritage and the social responsibility (Figs. 14 and 15).
Furthermore, this fact arises the curiosity of the passer-by by the flowering example
and less known bymost of the people, and could serve as a theme of an environmental
education project.

It is also important to highlight the Erythrina falcata by its grandiosity and impor-
tance in the environment, constituting a reference that can be explored by spreading
to the community, allowing the recognition of the native species.

Moreover the social role of this landscape, it is important to stand out that the
richness of the species of different origins, the exotics (Eucalyptus, Pinus, Cupres-
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Fig. 14 Location of the example of Erythrina crista galli in the area of the Zoo, Block N in UPF’s
Campus I, 2014. Source Authors, 2018

Fig. 15 Detailing of the Corticeira’s flowers. Source Authors, 2018
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sus, Tipuana, Grevillea and Platanus) and its respective ethnobotanical values, that
adapted to the local climate conditions and integrated to the Brazilian species (Han-
droanthus, Erythrina, Peltophorum dubium, Syagrus romanzoffiana, Phytolacca
dioica and Araucaria angustifolia). This coexistence shows the propriety of mix-
ing examples in order to explore its benefits by different aspects and demonstrates
that it is possible to work the changes that involve vegetation and sustainability of
an area that represents culture, history and biodiversity.

5 Final Considerations

According to the survey of Flora’s Monitoring of UPF’s Campus I, the vegetation of
theCampusmeets its role in cultural, educational and historical preservation, keeping
the regional and characteristic vegetation, as well as softening the climatic conditions
of this space, maintaining the diversity of the species, contributing to minimize the
visual impact of the constructed ambient comparing to the environment, and also to
minimize noise and CO2 emissions. This guarantees more comfort to the users of
the area, meeting its social role and improvement of life quality.

In this sense, the paper reflect the valorization needs of green areas to the con-
tribution for a better environmental quality of the college education spaces and its
direct linking with the apprenticeship for sustainability.

Therefore, as seen in the operating license, the survey indicated that inspections
and annual assistance must be provided along with the respective reports, in order to
allow guaranteeing the mitigation of environmental impacts and maintenance of the
PPA’s, imperious in this kind of activity.

It is also important to highlight the role of the vegetation and green spaces in the
university campuses, not only as a factor of environmental quality improvement of
these structures—either in aesthetic and landscaping terms, or in microclimate or
urban effects, but also as an element of potential valorization of the vegetation in
environmental education in the university and regional community, meeting the use
of the Campus I as an urban park. Likewise, the green areas can be an example of a
“live laboratory” contributing the learning process.
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Sustainable Universities: A Comparison
of the Ecological Footprint, Happiness
and Academic Performance Among
Students of Different Courses

M. J. Alves-Pinto Jr. and B. F. Giannetti

Abstract Universities are environments of significant influence in people’s lives,
where students are trained for training and become the future leaders of society. In
this sense, this work develops a way of evaluating the sustainability of university stu-
dents, comparing them in different courses. The sustainability assessment is based
on the input-state-output framework for systems, using three different indicators: the
ecological footprint, happiness and academic performance. The ecological footprint
is measured by the consumption of meat, fish, vegetables, fruits, milk and dairy
products, paper, electricity, mobility and built area. Happiness has its own question-
naire, drawn from others already consolidated by the literature such as the Gallup
World Poll, Gross National Happiness Index Survey-Happiness Alliance and Santa
Monica Wellbeing Survey. Academic performance is assessed by the average grade
of students. The three indicators are represented in a cube, graphically presenting
the result of the sustainability assessment. Within the cube are presented eight ways
of expressing the students’ sustainability, characterizing their course. This tool can
facilitate decision making by university managers.

Keywords Sustainable universities · Ecological footprint · Happiness · Academic
performance

1 Introduction

Chapter 36 of Agenda 21 (UN 1993) outlined an action plan on Education and
Sustainable Development—ESD. However, progress towards ESD has been very
slow, and the United Nations has declared the years between 2005 and 2014, such
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as the United Nations Decade for Education and Sustainable Development (UN
2002). Education can and should contribute to a new vision of sustainable global
development (Unesco 2015).

Recently, the UN launched a publication for learning objectives for sustainable
development goals, aiming at the application of local and national educational poli-
cies (Unesco 2017). One concept that can contribute to achieving the goals of sustain-
able development is that of a sustainable university. A sustainable university seeks
academic excellence, as well as incorporate humanistic values into people’s lives,
promote and implement sustainability practices. In this way, a sustainable university
can promote the minimization of negative effects within society, economy and the
environment. Students’ lifestyles, for example, can contribute to a sustainable tran-
sition (Velásquez et al. 2006), as well as transforming a more just society, spreading
more sustainable practices (Nejati and Nejati 2013).

A sustainable university must address, involve and promote the minimization
of adverse effects to environmental, economic, social and health impacts to its
main functions, thus contributing to a society in transition to sustainable lifestyles
(Velásquez et al. 2006).

In this paper, we present a review of the literature on the development of sus-
tainable universities (Turan et al. 2016), perspectives and perceptions within the
university (Sylvestre et al. 2014). As the main function of a university is to train its
students to disseminate knowledge within society, the focus of university sustain-
ability could be better directed at students. It was not evidenced in the literature, a
way of evaluating students’ sustainability in the context of a sustainable university.
Human systems need ecosystem resources for their maintenance and promotion of
services, such as culture, government and the economy. These services can generate
an individual or social well-being for the population’s lifestyle.

In this way, assessing the sustainability of university students can contribute to
a more sustainable university, bringing benefits to society, economy and the envi-
ronment. Environmental management initiatives in an academic community are fun-
damental to reduce the demands of energy and materials, contributing to decision
making by its managers (Almeida et al. 2013).

This research aims to evaluate the sustainability of students, considering aspects
of ecological footprint, happiness and academic performance. The evaluation of the
students’ sustainability can contribute to the better decision-making of university
managers in their services provided.

2 Ecological Footprint

The ecological footprint is a measure of the burden imposed by a given population
on nature. It represents the surface area of the Earth that is needed to sustain levels
of resource consumption and waste discharge by this population (Wackernagel and
Rees 1994; Wackernagel et al. 2002; Herva et al. 2008). Pereira et al. (2016) define



Sustainable Universities: A Comparison of the Ecological … 211

Table 1 Areas of biocapacity
and their ideal use (Global
Footprint Network 2016b)

Area Utilization

Forests Area of forests needed to provide wood and
wood products and other non-wood products

Carbon Area that we should reserve for the absorption
of CO2 that is released in excess

Crops Area of agricultural land needed to meet the
food needs of the population

Grazing Area needed to raise cattle under certain
conditions

Infrastructure Required area for building construction

Fish Area for fishing as a form of food need

how much land and water would be needed to sustain current generations, taking
into account all the resources, materials and energy employed by a given population.

Two measures are required for calculation, ecological footprint and biocapacity,
both expressed in global hectares (gha), hectares of land or water standardized to
have the average world production of all organic productive land and water in a
given period (Wackernagel and Rees 1994). The ecological footprint as a demand
that humans place on bioproductive areas and biocapacity, the availability of nature
to provide ecosystem sources and services that are consumed annually by humans
(Monfreda et al. 2004).

The biocapacity supply represents the planet’s biologically productive land areas
(Global Footprint Network 2016a), presented in Table 1.

The ecological footprint indicator provides data with which students can make
responsible decisions and can set goals to reduce their impact on the biosphere with
their lifestyle (Monfreda et al. 2004).

Several studies relate the ecological footprint to happiness or well-being (Jess
2010; Sikka et al. 2013; Jorgenson and Dietz 2015; Knight and Rosa 2011; Dietz
et al. 2009; Rice 2008). Happiness is dealt with in the next section.

3 Happiness

The concept of happiness is used in a variety of ways, which can mean general
positive humor, an overall assessment of life satisfaction, living a good life, or the
causes that make people happy (Diener 2006). Some concepts that can be related in
the literature are well-being, quality of life, flowering and contentment (Graham and
Nikolova 2015).

One country that has developed a concept of happinesswith society isBhutan,with
Gross National Happiness (GNH). For the country, its Happiness Index, managed by
the Bhutan Studies Center, is a coherent way to develop the economy. In this way, the
proposed ideals of the index to the country attracted political interests from various



212 M. J. Alves-Pinto Jr. and B. F. Giannetti

countries and communities but was also refined by scientific studies incorporated in a
variety of contexts. For the calculation ofGNH, as a unique number, themethodology
of Alkire and Foster (2007, 2011) was used, a robust multidimensional method.

Another index of happiness is the Gross National Happiness Index Survey-
Happiness Alliance, which is directly inspired by GNH and was first published as
the fifth set of Sustainable Seattle Sustainability Indicators in 2010 for use by com-
munities, cities, campuses, and businesses around the world. The world. In 2012,
we started from Seattle Sustainable and emerged as people and non-profit groups,
from communes to teams, with tools and resources, including the Gross National
Happiness Index.

Gallup Word Pull is an index widely used by many scientific organizations and
communities. It researches with representation in more than 160 countries and more
than 140 languages (Gallup 2016). This measure of happiness is chosen for the
experiment of this work through its extensive application in large projects and for
being a well-developed measure.

The Santa MonicaWellbeing Index is another way to measure people’s happiness
or well-being. This idea was the result of participation in the Bloomberg Philan-
thropies’ Mayors Challenge in 2013, where he was champion. The main purpose
of the index is to obtain information about the well-being of people dynamically,
providing solutions by decision-makers within the governmental sphere. Also, this
can be replicable to other communities.

Six dimensions make up the Santa Monica Wellbeing Index, defined through
research and relevance to the local community: community, local, learning, health,
opportunity, and perspectives.

Applasamy et al. (2014) argue that happy teachers alone would not constitute an
ideal learning environment, necessitating students as well. Students who are happy
are more willing to participate and perform difficult tasks, thinking deeply about
problems and developing new solutions such as happiness, an important emotional
approach to learning. Graham (2009) and De Neve and Oswald (2012) complement
that happy people can be healthier and more productive.

In this context, researchon themeasurement of general happiness in an educational
institution is an important component of schoolmanagement (Applasamyet al. 2014).

O’Brien (2005) promotes a concept of “sustainable happiness”, merging princi-
ples of sustainability with results of studies of happiness. The author defines sus-
tainable happiness as a concept that can be used by individuals, communities, and
nations to guide their actions and decisions daily. Actions that should genuinely
consider social, environmental, and economic indicators so that group happiness is
sustainable (O’Brien 2005).

4 Academic Performance

The world economy is driven to increase the new levels of productivity through
technological and organizational advancement; is still relentlessly destructive of the
natural environment (Helliwell et al. 2012). Every approach that is uniquely produc-
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tive does not consider the destruction of the environment and the happiness of the
people who participate.

Jenny Martin, a professor at the University of Queensland in Brisbane, Australia,
criticizes the way universities are currently assessed, often imposing performance
metrics on research and academic impact, notmeasuring happiness in anyway (Wool-
ston 2016).

For example, Times Higher Education evaluates universities around the world
through its students, and ranks them by providing a ranking, where for 2015 and 2016
five areas were used to propose performance indicators (Times Higher Education
2016); being: teaching, research, citations, perspective and work.

5 Method

For sustainability assessment, it is important to consider the life of the system, the
essential physical inputs from the environment, the current state capacity properties,
and the results that can be generated. An evaluation framework that has this systemic
characterization, where the components interact, is the Input-State-Output model
(Pulselli et al. 2011, 2015; Coscieme et al. 2013, 2014). This model can be used to
describe ecosystems in a socio-ecological context (Pulselli et al. 2011).

For this work, the Input-State-Output model is used to evaluate student sustain-
ability, represented in Fig. 1. For each component of the model, an indicator related
to the system is assigned. The input was considered the ecological footprint, the
happiness state and the output its academic performance with the average grade of
the student in the course.

Data were collected through questionnaires. Own questionnaires were developed
to evaluate the three indicators chosen. The ecological footprint questionnaire has
11 questions, evaluating the six areas of the methodology of Wackernagel and Rees
(1994),Monfreda et al. (2004). The questionnaire on happiness was elaborated based
on other questionnaires recognized for this type of evaluation, being Gallup World
Poll, Gross National Happiness Index Survey-Happiness Alliance and Santa Monica
Wellbeing Survey. The questions that were related to the researched public and their
environment were extracted from these three questionnaires. Once these questions
were identified in the questionnaires, direct questions were asked to the surveyed
public, in the case of students. The questionnaire to identify academic performance
is asked by a question, “On a scale from 0 (zero) to 10 (ten), what number represents
your average grade in the general course?” This question and others to evaluate

STATE:
Happiness

INPUT: OUTPUT:

Ecological Footprint Average grade

Fig. 1 Input-State-Output student sustainability assessment model
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research variables, such as age, gender and if students work, were collected through
a paper. The complete unified questionnaire is presented in Appendix 1.

A case study was conducted at a school in April 2018 to apply the evaluation.
The estimated time between data collection and analysis was about one month.
This school is located in the interior of São Paulo, Brazil. It has a population of
seven hundred students, where two hundred and ninety-nine students were randomly
assigned to the sample, about 43% of the population.

The questions of the ecological footprint and happinesswere collected through the
ZipGrade mobile application. Students have received templates to answer questions
that are projected in a table by data show. These cards are standardized and made
available on the application provider’s website.With the data collected, a spreadsheet
was prepared in Microsoft Excel for data processing. ZipGrade has a web platform
that imports the answers collected by the cell phone in real time if connected to the
internet. In the platform, it is possible to export the answers in CSVmode worksheet,
which manually suits the spreadsheet already elaborated in XLS mode.

The ecological footprint that will represent the input in the model is the fraction
of the average of the ecological footprint in gha (global hectare) by the biocapacity
of a person. This quotient will have unity of planets needed to supply a lifestyle.

The method used to analyze the happiness data is Alkire and Foster (2007, 2011).
The algebra of the Alkire and Foster method (2007, 2011) for the Happiness Index
that will represent the state is:

HI = 1−(A× N), thus :

HI Happiness Index
A is the intensity of the still not happy. It is the fraction of average dissatisfaction

for each person not yet happy;
N is the intensity of people not yet happy. A fraction of the variables still not met

by the total of existing variables, considering only people not yet happy.

For academic performance, it is represented by the average grade of each student
in the course. The average of these grades will represent the output of the model for
the group of students in the respective course.

With the result of the ecological footprint, happiness and academic performance
of each student, it is possible to represent them graphically in a cube, facilitating
the interpretation of the results. It is possible that there are eight types of scenarios
that students can characterize, taking into account their results and goals for each
indicator. These scenarios are presented in Appendix 2. For each scenario it is pre-
sented where the dispersion would be represented in the cube. Also, to detail the
service of each indicator, it is represented by green or red traffic light if the indicator
is within the goals. If green, the result meets the goal if red is out of the scope of
the indicator. It is the red aspects that the decision maker will need to take action.
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Also in Appendix 2, the utopian scenario would be the “D”, where all indicators are
within the goals. This would be the most sustainable scenario. The dystopia would
be the “G” scenario, where the three indicators are red, out of meeting the goals. This
would be the least sustainable scenario.

6 Results

With some questions of the questionnaire, it was possible to know some aspects of
the students, presented in Figs. 2, 3 and 4.

Among these aspects of the students interviewed, there is little gender difference.
Twenty-three students of the masculine gender surpassed the number of female stu-
dents. Expressive is the number of students who are not working among students.
Of the total interviewed, seventy-seven students answered that they are working.

Fig. 2 Distribution of
students by gender

Fig. 3 Distribution of
students if they work
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Fig. 4 Boxplot of the
students’ age

There is also, a significant distance from the age of students, ranging from fifteen to
twenty-one years. The median age of the students is seventeen years, close to their
average.

The ecological footprint is calculated on planets, with biocapacity being one
planet. In this case, the goal for the students is to have an indicator of ecological
footprint up to 1 planet. TheHappiness Index should be higher than 0.78, considering
the happy group. And, academic performance has an indicator goal that is greater
than 0.75, that is, a fraction of student scores greater than seven by the number of
students should exceed this expectation.

Table 2 presents the indicators for each course evaluated and also evaluated in
a general way. When observed in general, only academic performance is below the
target, classifying the group in general as “ineffective”. However, when observed on
a smaller scale, the Happiness Index is below the desired level in some courses, such
as accounting, environment and informatics. For the ecological footprint indicator,
all courses are within the biocapacity.

Table 2 Results indicators ecological footprint (planets), happiness and performance for the
courses

Course Ecological footprint Happiness Academic
performance

Classification

Administration 0.79 0.89 0.71 Ineffective

Logistics 0.88 0.93 0.8 Sustainable

Accounting 0.79 0.75 0.61 Unfocused

Environment 0.91 0.78 0.56 Unfocused

Informatics 0.86 0.75 0.73 Unfocused

Agricultural 0.93 0.81 0.63 Ineffective

General 0.87 0.81 0.67 Ineffective
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In this educational institution, for the evaluated courses, three clusters of different
students were identified. There is a course classified as “sustainable”, considered a
utopian group within the indicators evaluated, three courses classified as “ineffec-
tive”, with the academic performance indicator below the target, and three courses
classified as “unfocused”, with indicators of happiness and academic performance
below the target. The institution for better decision making should analyze all indi-
cators below the target, but the “unfocused” group should be prioritized due to two
unmet metrics.

This is only a form of group prioritization for problem-solving because as one
indicator can be improved, another group also has the same indicator below the goal
together. Table 3 presents the dimensions and variables of the indicator of happiness
for accounting, environmental and informatics courses since it is the courses that did
not achieve sufficiency of the indicator.

For the well-being dimension only the accounting course has reached the goal,
community dimension no course reached the goal, and only perspective environment
reached the goal. In the three dimensions for the courses with low happiness rate
present problems, however, it may be that for each course specific problems happen.

For the variables, we highlight recreational activity, social support, volunteerism
and desire for continuity, since for the three courses they did not achieve sufficiency.
These variables require prioritization due to their comprehensiveness in courses.

Correction actions can be treated by the institution in a specific or comprehensive
manner, depending on the causes detected.

Table 3 Dimensions and variables of courses with non-sufficiency of the happiness index

Accounting Environment Informatics

Dimensions 1. Well-being 0.80 0.75 0.66

2. Community 0.70 0.55 0.66

3. Perspective 0.61 0.85 0.74

Variables 1. Life satisfaction 0.83 0.76 0.63

1. Safety 0.94 0.84 0.73

1. Recreational
activity

0.61 0.65 0.63

2. Social support 0.67 0.60 0.69

2. Relationship 0.78 0.69 0.90

2. Volunteering 0.67 0.35 0.39

3. Desire for
continuity

0.44 0.65 0.53

3. Future professional 0.67 0.98 0.96

3. Future vision 0.72 0.91 0.74
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7 Conclusions

This paper proposes an Input-State-Output model to evaluate the
sustainability of students in different courses. The indicators that represented
the model were the ecological footprint, happiness and average grade of the student
in the course. In addition, this work offers a questionnaire for the evaluated system,
where the most appropriate questionnaires for this evaluation were not evidenced in
the literature.

The ZipGrade application is a practical way of collecting data. It contributes to a
quick collection and output of the results and can interact with other interfaces. In
the case of this work, it could easily interact with Microsoft Excel.

For the case studied, students in general of the courses are classified as “in-
effective”, presenting ecological footprint within the biocapacity, are happy and
with low academic performance. When analyzed by courses, happiness in some
courses presents indicators below expectations, such as accounting, environment
and information technology. In this way, analyzing students’ sustainability in a
more specific way is necessary, since student groups can be worked for better
university sustainability.

This research was limited to the case study evaluated to the method used. A
case study was conducted at a school. The Input-State-Output model also has its
limitations, such as the use of three indicators to evaluate the system.

Future research may evaluate students of different characteristics, make decisions
about specific courses or even the institution as a whole. The student is placed in a
context. Depending on the breadth of evaluation, it is possible to classify the students’
sustainability through the evaluated system.
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Appendix 1—Questionnaire

1. How would you rate your happiness level now?

a. Not yet happy
b. Somehow happy
c. Happy
d. Very happy

2. Is your physical integrity protected within the academic community?

a. No
b. A little



Sustainable Universities: A Comparison of the Ecological … 219

c. Yes
d. Much

3. Does your school offer recreational and cultural activities?

a. No, it doesn’t
b. Offers few options
c. Offers and I think it is enough
d. It offers a lot of options

4. How often do you feel lonely in school?

a. Always
b. Most of the time
c. Sometimes/Rarely
d. Never

5. How would you rate your relationship with colleagues and teachers?

a. Unsatisfactory
b. Regular
c. Good
d. Great

6. Does your school offer volunteer activities?

a. No, it doesn’t
b. Offers little
c. Offers
d. It offers a lot

7. Do you intend to continue being a student of the course?

a. No, I don’t
b. I intend, but I would make many changes
c. I intend to make few changes
d. I intend without changes

8. What is your expectation of professional success taking into consideration your
school learning?

a. No positive expectation
b. Low expectation
c. Normal expectation
d. High expectation

9. Does the course allow the formation of forward-looking leaders of a more devel-
oped and sustainable world?
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a. No, it doesn’t
b. Poorly
c. Yes, it allows
d. Yes, very much

10. How often do you eat meat during the week?

a. I do not eat meat
b. Rarely (one serving per week)
c. Occasionally (four or more servings per week)
d. Often (two or more servings per day)

11. How often do you eat fish during the week?

a. I do not eat fish
b. Rarely (one serving per week)
c. Occasionally (four or more servings per week)
d. Often (two or more servings per day)

12. How often do you eat vegetables during the week? (vegetables and greens)

a. I do not eat vegetables
b. Rarely (one serving per week)
c. Occasionally (four or more servings per week)
d. Often (two or more servings per day)

13. How often do you eat fruits during the week?

a. I do not eat fruits
b. Rarely (one serving per week)
c. Occasionally (four or more servings per week)
d. Often (two or more servings per day)

14. How often do you have dairy products during the week?

a. Never
b. Rarely (one serving per week)
c. Occasionally (four or more servings per week)
d. Often (two or more servings per day)

15. Which means of transportation do you use the most on your way to school?

a. Car
b. Motorcycle
c. Public transportation
d. I do not use motorized means of transportation to come to school
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16. How far is your university from your place?

a. Up to 15 km
b. 15 to 45 km
c. More than 45 km
d. I live inside the university

17. What is your paper consumption during the week? Consider any type of paper
you use for writing or printing.

a. Up to 20 sheets of paper
b. 21 to 50 sheets of paper
c. 51 to 100 sheets of paper
d. More than 100 sheets of paper

18. What is the area of your home?

a. Small—up to 100 m2

b. Average—101–200 m2

c. Large—201–400 m2

d. Very large—more than 401 m2

19. How many people live in your home—including you?

a. 1 person
b. 2 persons
c. 3 persons
d. More than 3 people

20. How would you rate your electricity consumption?

a. Low
b. Medium
c. Normal
d. High
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Appendix 2—Representation and Graphic Interpretation
of Results

Input: State: Output:
Ecological
Footprint Happiness

Academic
Performance

A + + + Individualist

B + + - Focused

C + - + Quase artificial

D - + + Sustainable

E - - + Disconnected

F - + - Ineffective

G + - - Inhospitable

H - - - Unfocused

Graphic
Representation

Scenarios Classification

Happiness

Happiness

Happiness

Happiness

Happiness

Happiness

Happiness

Happiness
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Footprint

Ecological
Footprint

Ecological
Footprint

Ecological
Footprint

Ecological
Footprint

Academic
Performance

Academic
Performance

Academic
Performance

Academic
Performance
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Performance

Academic

Academic
Performance

Academic
Performance

Performance
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Professor Biagio has Master and DSc degree by São Paulo University (USP). uninterruptedly,
he has been teaching classes since 1987. In 1992, he started his career at Paulista University
(UNIP) as Associate Professor. Nowadays, he is Paulista University’s Full Professor. At UNIP, he
has coordinated courses of degree in engineering and currently holds the positions of Professor
in the Graduate Program in Production Engineering (Master, Doctorate and Postdoctoral levels)
and leader of the research activities at the Production and Environment Laboratory (LaProMA).
Prof. Biagio is registered as ‘Research Group Leader’ in the ‘Research Groups Directory’ of
brazilian National Council for Scientific and Technological Development (CNPq). Since 1995,
he has received financial support, specially from the São Paulo Research Foundation (FAPESP).
Prof. Biagio founded the International Workshop on Advances in Cleaner Production (http://www.
advancesincleanerproduction.net) and Advances in Cleaner Production Network and co-founded
the Paulista Cleaner Production Roundtable. He has published more than 300 academic work-
s—including books, papers and conferences—on production and environment. His H-Index on
Scopus is 20 and his i10 index on Scholar Google is 42. Prof. Biagio also is subject editor of the
Journal of Environmental Accounting and Management, belongs to the scientific commitee of the
Journal of Cleaner Production, is guest editor of Nova Science Publisher and is Associate Editor
of Scientific Journal INGE CUC. Besides that, Prof. Biagio integrates the International Commit-
tee of Global Footprint Network for Standardization, is member of National Pollution Prevention
Roundtable, belongs to International Society for the Advancement of Emergy Research, and is the
Global Center Director of Advances in Cleaner Production Network

http://www.advancesincleanerproduction.net
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Abstract Higher Education Institutes (HEI) initiate, accelerate and facilitate
regional and national development through human capital development, knowledge
creation, innovation capacity building and technology transfer. As contemporary
global challenges are of a mixed and multi-dimensional nature, interdisciplinary
education and innovative research are needed more than ever. Thus, leaders of HEI
are required to transform their institutions to respond to these challenges and the
pressures created by global dynamics. This study is dedicated to designing a frame-
work to enhance the relationship between the leadership styles and their followers’
innovative outputs. The suggested framework is based on themodel of Kong et al. for
leadership implicit follower theory (LIFT) and suggests the transformational lead-
ership (TL) style to initiate the positive LIFT. This methodology proposes a set of
indicators to assess innovation outputs quantitatively and intends to use engineering
schools of HEIs as a sample to test the framework. It is suggested that this frame-
work can be adjusted to examine different HEIs, colleges and R&D institutes in
different contexts and at multiple leadership levels. The main outcome of this study
is a framework that can be used to evaluate, assess and train existing or prospec-
tive HEI leaders, develop tailored human resources strategies, and design leadership
training for students, researchers and young faculty members for their future career
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1 Introduction

Research shows that countries investing in human capital development (HCD)
achieve higher life-quality and sustained economic growth indicating that HCD
is a key driver for economic growth, social cohesion and individual achievements
(Deutsche Bank 2008; Banks 2008). Hence, well-structured and targeted skills devel-
opment is a factor to benefit not only individuals, but also societies and the overall
economy (Pavlova and Maclean 2013). Education, including higher education (HE)
or tertiary level education, is known to play important roles in transforming soci-
eties (Barth and Rieckmann 2012). Universities are considered as micro cities since
their size, population and the type of activities taking place on their campuses have
direct and indirect impacts on their physical, social and intellectual environment
(Alshuwaikhat and Abubakar 2008). This indicates that achieving sustainable mod-
els within education institutes, particularly in universities, will offer a successful
model to be followed by other institutions in the society and facilitate the sustain-
able development process. In addition, universities have always been considered as
the main hubs for nurturing educated and talented individuals as well as for the
continuous generation of knowledge, skills and technology.

Problems that humanity faces nowadays have various complex,multi-dimensional
and interdependent causes and consequences, thus requiring innovative solutions.
The new role of universities as promoters of sustainability from both perspectives of
(1) knowledge generation and human capital development, and (2) implementation
and rolemodelling for sustainability in their infrastructure, operations, finances,man-
agement, etc., creates new challenges, especially in the leadership and governance
aspect of such organizations.

Leadership in academia is an essential driver for learning and development pro-
cesses to support institutional innovation and creativity (Rowley and Sherman 2003).
HEIs as complex organizations with continuously evolving multiple goals and tra-
ditional values make leading such organizations both challenging and ambiguous
(Petrov 2006). For this reason, redefining and developing HEIs is linked to different
leadership styles more than managerial abilities and qualifications since academia
follow the principle of shared governance (Rowley and Sherman 2003).

Engineering schools are identified as the target sample for this study as science,
technology and engineering have been considered as important building components
of innovation and knowledge production (Sikka 1998; Porter 2000), especially that
innovation outputs such as publications, patents, spin off companies and graduates
in science and engineering are globally identified and easily measured. This study
will be limited to the design of a framework as it is part of a work-in-progress. The
application of this framework will be presented in a following publication as a case
study. This paper aims to shed light on the important role of leadership in cultivating
followers’ creativity and innovation through the proposed framework that will be
tested at a later stage in local and international engineering schools.
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The work in this paper connects building an innovation capacity to sustainabil-
ity in universities in novel ways through transformative leadership. It offers a broad
perspective and a framework for understanding, assessing anddevelopingHEI leader-
ship in order to effectively foster innovation capacity and empowerment of the follow-
ers, including facultymembers, scientists, staff and students. According to Disterheft
et al. (2015) capacity building and empowerment are among the pre-requisites for
achieving true sustainability in universities through participatory processes. The sec-
ond novel perspective brought about in this study is assessing sustainability through
evaluating universities’ innovativeness. This study suggests evaluating innovative-
ness in universities through a list of indicators as a representation for assessing their
approach to sustainability. This suggestion is proposed because of the reasons that
sustainability is considered as a form and also a result of innovation (Afuah 1998).
Studying the achievements of sustainability goals through the role of leadership and
governance approaches are other aspects that have been overlooked in previous stud-
ies and are of focus in this study. The attempt in this study is to shed light on factors
needed to build a culture of innovation within HEI through leadership development.
Building a culture of innovation leads and prepares the followers toward achieving
other forms of sustainability in campuses because it is a practice of “change”.

Our study is particularly useful in understanding the impact of transformational
leadership (TL) on followers’ creativity and innovation in a specific context, which
is engineering schools of HEIs. It will examine the interaction of different levels of
TL style on followers in the presence of three mediating factors, in which two have
been used previously and one was designed particularly for this study. Targeting self-
concept dimension in specific relation to creativity is one of the mediating factors
considered in this study and has little published research. Applying the framework as
designed and proposed in this studywill add to the body of empirical literature, which
is scarce in the context of academia and more evident in for-profit organizations.
This is essentially important since variations are expected in different context and
contextual conditions as noted by Antonakis et al. (2004).

This paper is divided into four main sections. It starts with a literature review,
which introduces eight different concepts related to HEI, sustainability, innovation
and leadership. The second section introduces main theories and hypotheses where
the novelty of this work is discussed by presenting a new model proposed by the
researchers through integrating a number of theories to form a new framework.
The third section presents the methodology and discusses each component of the
framework separately in addition to explaining the related tools used to study these
components. Finally, the conclusion will state the limitations and the future work
planned by the researchers to conduct as practical application and validation for this
new framework.
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2 Literature Review

2.1 Higher Education Role in the Sustainable Development

Historically, HEI involvement in Sustainable Development (SD) can be seen in mul-
tiple initiatives and declarations signed by university leaders since 1990 (Boer 2013).
Although the Stockholm Declaration considered HEI’s role in achieving SD (Shel-
ton 2008), Talloires Declaration of University Leaders for Sustainable Future held in
1990 in France was the first direct and official involvement of HEI in the SD imple-
mentation process. Tallories was the international model where 500 college and
university presidents worldwide from more than 12 countries discussed the impor-
tance of “increasing environmental literacy among specialists in engineering, science,
economics, social sciences, health and management.” They emphasised the need for
“expanded research on the complex interaction of human activities and the envi-
ronment, including strategies, technologies, policies, and institutional behaviour”
(Boer 2013). All the declarations emerged later shared three main objectives, which
emphasised on the need for universities to:

• Integrate SD in teaching and learning, research, and operation within all HEI
• Foster environmental literacy and increase awareness of SD for better understand-
ing within the society

• Build interconnected relationships with different stakeholders and collaborate for
interdisciplinary approaches.

Implementing and incorporating the concept of sustainable development in uni-
versities has led to a number of challenges, of which maintaining traditions is one
(Lozano 2003; Elton 2003). Engineering schools have been trying to integrate sus-
tainability in their curriculums and faced the biggest challenge of paradigm shift
(Mulder 2000). Mulder’s (2000) theoretical study highlighted the need for a con-
crete social transformational process to ensure the lasting effect for SD education
in engineering. As academic leadership’s commitment approved to form a leading
cause for initiating and implementing SD in universities (Lozano et al. 2015), trans-
formational leadership is suggested for this study to facilitate the transformation
process towards implementing SD in universities.

2.2 Measuring Sustainability in Higher Education Institutes

Given that the measure of true development should always be linked to the measure
of sustainability (De Lima et al. 2015), a quantitative process for evaluating sustain-
ability in HEI as well as HEI’s impact on sustainability have been the topic of many
studies in the last few decades after realizing the need for a holistic and systematic
approach to the accomplishment of this goal (Koester et al. 2006). Unfortunately,
many of these efforts have produced incomplete methods, which have focused only
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on some elements of sustainability issues in HEI due to its complex silos (Den-
man 2009). Assessment and/or measurement of sustainability in various sectors have
always faced the problems of data availability, data accessibility, data uniformity and
standards (Moldan et al. 2012). In addition, another problem lies in the selection of
proper and comparable indicators or dimensions of sustainability, and their accurate
interpretation and use, which makes this process challenging (Moldan et al. 2012),
offering a research issue for further investigations. Measuring the innovative outputs
of HEI, not only resembles the sustainability for HEI, but also the sustainability of
the economy and the society in the long term and especially in the knowledge era.

2.3 Leadership in Creative Venture

Leaders play important roles in the formulation of organizational climate perception
(Ostroff et al. 2013). Leadership style is considered as one of the most important
factors in shaping not only the financial profitability and operational excellence
but also the innovation culture in any organization (Correa et al. 2007). Leaders of
creative ventures such as institutions heavily involved in research and development
(R&D), should be unique since their job requires balancing between the need to
explore and the need to produce (Mumford et al. 2002). Innovative work is risky
and has no specific structure, which is why it is challenging (Mumford et al. 2002).
To consider and accept creativity and innovation as basic norms in an organization,
the whole culture of the organization needs to be changed (Martins and Martins
2002). Opinion leaders, who are individuals with influential roles in approving and
disapproving new ideas, have important roles in the process of diffusion or adoption
of innovation in an organization (Roger 1962). In organizations, there are two main
motivators for change: (1) the need for recognition in a specific research niche area,
or (2) the leader’s concern about competitiveness, so he/she encourages the followers
to conceive novel ideas before others (Burke 2000). As the first is the case for most
scientists working in academia and R&D sectors, the latter could be considered as
the role of the president or deans in HEI who are the opinion leaders and the change
agents at the same time (Lozano 2003). Bustani (2003) indicated that a leader’s role
in HEI is developing projects related to SD and driving the whole institution toward
SD. Whether SD is considered as form of innovation (Afuah 1998) or innovation
is considered as a way to achieve SD, the role of HE leadership in this process has
proved its effectiveness in the success of this transition process, which is what is
sought in this research.

2.4 Leaders Implicit Followership Theory (LIFT)

Implicit Followership Theory (IFT) follows a socio-cognitive process, which is
a way to acquire social and nonsocial skills by a learning process which con-
sists of observing and modeling. Cognition plays an important role in this process
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Intrinsic motivation

Creative self-efficacy

Employees’ CreativityPositive LIFT

Leader-Member Exchange

Fig. 1 Leadership implicit followership theory by Kong et al. (2017)

(Bandura 1977) and it provides a framework for understanding, predicting, and
changing human behavior (Ormrod 2012) towards learning new behaviors, which
can be negative and/or positive.

The Leader IFT study of Kong et al. (2017) focused on the leaders’ cognitive and
information processing processes through comparing followers’ actual behaviours
and leaders’ inherit schema about the followers, which result an implicit cognitive
image about followers. This image forms the leaders’ prospective actions in the
future (Kong et al. 2017; Whiteley et al. 2012). Kong et al. (2017) suggested two
mediating factors for driving more innovation by the followers, which are intrinsic
motivation and creative-self-efficacy as shown in Fig. 1. Intrinsic motivation is the
individual’s desire and interest to perform a task for its own sake (Bénabou and
Tirole 2006). Individualswith highest levels of productivity and fulfilment are always
found to have high intrinsic motivation with high commitment and engagement at
work (Gagne and Deci 2005). A high level of intrinsic motivation makes individuals
more resilient toward challenges and more connected to their work as it gives them
meaningfulness and self-value (Forbes and Domm 2004). Creative self-efficacy is a
descending concept from Bandura’s famous self-efficacy concept, which states that
one can achieve what one sets out to do (1997). Creative self-efficacy is defined as
one’s belief that one can be creative (Tierney and Farmer 2002). Individuals with
higher self-efficacy are generally more successful than those with low self-efficacy.

2.5 Transformational Leadership Theory

Transformational leaders are individuals with capabilities in elevating followers’
goals to perform beyond their expectations through a set of four main traits which
are idealized influence (II), inspirational motivation (IM), intellectual stimulation
(IS), and individual consideration (IC) (Avolio and Bass 2004). The fact that TL
helps unlock humans’ potential can be a strong indication of its ability in facilitating
and encouraging the paradigm shift needed in engineering schools called for by
Mulder (2000). In an effort by Rosing et al. (2011) to collect studies of different
leadership styles in relation to innovation, they found 31 studies with more than 5000
observation that support the positive force between transformational leadership and
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innovation, which is another reason for choosing transformational leadership theory
as the focus of this study.

Our data collection for the technical articles discussing the relationship between
transformational leadership and innovationwith empirical data shows thatmost of the
empirical studies were conducted in firms’ R&D sectors, such as (Sarros et al. 2008;
Jung et al. 2003, 2008; Gumusluoglu and Ilsev 2009; Garcia-Morales et al. 2011);
however, the body of literature lacks similar studies in the academic sector. Another
finding was that the determination of organizational innovation was subjective by
asking leaders and/or employees about the teams’ or the organization’s innovation
outcomes via surveys. Only a few studies included objective measurements for inno-
vation, such as the number of patents, technical publications, innovative products
revenue, and others, yet these were conducted in firms rather than in academia. Our
study aims to close this gap by providing an empirical analysis that (1) covers the
sector of academia, and (2) evaluates innovation, objectively, by a proposed set of
quantitative indicators.

2.6 Positive Psychology

Positive psychology is a concept developed by Martin Seligman, and it represents
a revolutionary shift in the science of psychology from focusing on how to cure
patients from illnesses to how to boost and flourish individuals’ well-being. Positive
emotions like joy, contentment, and gratitude have been integrated and tested in a
number of schools and proved its effectiveness in improving individuals’ well-being,
academic achievements, and social skills such as empathy, cooperation, assertiveness
and self-control (Seligman et al. 2009; Awartani and Looney 2015). “Broaden and
build theory” is a concept which emerged from positive psychology that proved
that positive emotions “broaden individuals’ momentary thought-action repertoires,
prompting them to pursue a wider range of thoughts and actions than is typical,”
which as a result can build a variety of personal resources including knowledge and
creativity in addition to other physical and social gains (Fredrickson 2005). Another
experiment carried out by Isen et al. (1987) suggested that inducing positive emotions
prior to any exercise that needs mental skills could stimulate thinking and enhance
ability for creative responding.

2.7 Innovation and Its Classification

Product Development and Management Association defines innovation as the new
idea, method or device, or the act of creating new products, including the work
required to bring the idea or concept into final form Kahn (2005). Another definition
by Price states that innovation is the ability to see a need and think creatively how
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that need might be met in a better way (Price 2007). These definitions illustrate that
innovation can be a process, a product, or an idea.

Other classification for innovation include incremental, where the knowledge
needed for a novel product exists, and radical, where the knowledge needed for
a product is different than the existing knowledge (Afuah 1998). Perri 6 (1993)
classified innovation into product, process, and organizational innovation, where
the latter can be internal, representing adopting new organizational structure, or
external, where new relationships between organizations are introduced. Another
classification by Liao and Wu (2010) suggests that innovation can be technological
or non-technological (or administrative).

For this study, as the researchers consider HEI as a system with interconnected
parts working together, different classifications of input, process, and output are
suggested to represent the innovation indicators for the chosen study sample.

2.8 Global Innovation Index (GII)

Global innovation index framework is a report which resulted from a collaboration
between Cornell University, INSEAD, and the World Intellectual Property Organi-
zation (WIPO), providing a statistical analysis for the different forms of innovation
captured in developed and emerging economies in the world. This report has been
published annually for the last decade, and has gained international recognition as
a reliable tool for decision makers through using innovation matrices designed on
international basis. GII framework is divided into innovation input and innovation
output, and each of the two is divided into sub-indices, with a number of indicators
for each as shown in Fig. 2. The main calculated variable is the innovation efficiency
ratio, which is the difference between innovation output and innovation inputs.

3 Theory and Hypotheses

3.1 Organizations’ Sustainable System

Innovation is a function of individual efforts and organizational systems designed to
facilitate creativity (Bharadwaj andMenon 2000). In this study, it is hypothesised that
cultivating followers’ creativity is influenced by three factors: the characteristics of
the followers, the leadership style of the leaders, and the system of the organization.
The leader, the followers and the system are the three main factors/players in this
interactive relationship and are represented in Fig. 3a, where the vertices represent
the main factors and the sides of the triangle with the two-sided arrows represent
the interactive relationships between these factors. It is hypothesised that if each of
the players is contributing to the system equally and in a supportive manner, the
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Fig. 2 Framework of the Global Innovation Index (GII) 2017 (Cornell University et al. 2017)
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Fig. 3 a Interactive system and its players in organizations; b balanced and interactive governance,
leadership and followership lead to effective, efficient and sustainable organization, c possible
undesired outcomes if and when governance, leadership and follower system is unbalanced

system will maintain its sustainability and the outcomes will be rewarding for all
as shown in Fig. 3b. In contrast, if some players are contributing more than others,
and others are overlooking their duties, this will result in either wasted resources
and/or neglected individuals’ efforts, both of which lead to an unsustainable system
as shown in Fig. 3c by the dotted circles extended outside the triangle.

3.2 Integrating Transformational Leadership in Kong’s LIFT

As LIFT process plays an important role in forming the internal image of the leaders
about their followers (Shondrick and Lord 2010), it is suggested that a leadership
style that sets high expectations and provides intellectually intriguing opportunities
for followers should be the trigger for the positiveLIFT. For this reason, it is suggested
to integrate transformational leadership theory with LIFT model as our novel work.
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Fig. 4 Transformational (LIFT)—a modified framework for Kong’s LIFT

Applying LIFT concept on the transformational leadership theory gives a positive
contribution toward the relationship between leaders and followers. Internalizing TL
traits will trigger the positive perception of followers, by their leaders, who will
perceive them as hard working and productive.

As ourmodel focuses on leadership, the exchange relationship between leadership
and followers is not being neglected. Rather, it is being accounted for inmultipleways
including the inclusion of intrinsic motivation and creative self-efficacy mediating
factors.

As shown in Fig. 4, the model takes the form of an equation where the main
components are added to each other. It starts by suggesting TL as the initiating
theory used to produce the positive LIFT. The researchers in this study hypothesise
leaders who exhibit more transformational leadership style will have more positive
IFTs.

After initiating the LIFT, three moderating factors were added which are intrinsic
motivation and creative self-efficacy (used by Kong et al. 2017), and the innovation
driven system which is suggested by the authors of this study. IDS is the inclusion of
innovation in the vision andmission and overall strategic planning for an organization
to show to what extent the innovation is valued in an organization.

Assumptions considered in the proposed framework:

• All followers in academia (faculty especially) are knowledgeable in their fields,
so they have the foundation for being creative, which is the technical skills.

• There is no passive followership (where followers are described by obedience with
low sense of responsibility); hence, active followership is dominant.

4 Methodology

In this section, leaders, followers, and system, are discussed separately, with the tools
and theories used to measure and identify their interaction with each other. A survey
was prepared to cover the aspects of the proposed framework. Two psychologists
assessed the survey on two main aspects: its relation with managerial behaviour and
from the neuroscience perspective of whether it stimulates some biases and/or it
reflects the psychological theories they were designed to reflect. This survey will be
included in the next study of the application of this framework.
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4.1 Leadership

The leader’s style and effect are represented by the TL and LIFT theories. TL will be
measured byMultifactor Leadership Questionnaire (MLQ), which is a well validated
measuring tool for TL and has been used extensively for this purpose. In the survey,
there are 18 questions related to leadership section, in addition to the 21 MLQ state-
ments. This represents 60% of the overall survey, which is an expected percentage
since this study focuses on the leadership role in embarking innovation.

The questions related to creating an innovative culture within the organization
were inspired by HEinnovate, the systematic online, self-assessment tool founded
by the EU commission and OECD in 2014 with the objective of helping HEI to
evaluate their innovative status by identifying their current situation, respecting the
local and national environments, and from that, agreeing on potential areas for action
(https://heinnovate.eu/en).

4.2 Followership

Along with the leaders’ traits and positive assumption, the followers need to have a
number of moderating factors to facilitate the effectiveness of this process. Moder-
ating factors are represented by intrinsic motivation and creative self-efficacy.

4.3 System

As innovation is a function of individual efforts and organizational systems (Bharad-
waj and Menon 2000), the innovation driven system is added as a moderating factor.
The inclusion of innovation in an organization’s vision, mission, activities and prac-
tices will create an innovative environment, and as a consequence, will influence
followers’ outcomes.

4.4 Innovation Indicators

Finally, the employees’ innovativeness will be evaluated by a number of indicators
shown in Table 1. The selection of these indicators was based on their existence
in the Global Innovation Index (GII), their importance in the R&D and academia
sectors, and university rankings for innovative and/or world class universities. The
input indicators represent the enablers of innovation. The process indicators repre-
sent approaches of augmenting input indicators to produce innovative outcomes or

https://heinnovate.eu/en
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Table 1 Proposed table of
indicators for empirical
analysis

Type Indicator Unit

Input Pupil/teacher ratio %

Total R&D headcount #

Process Continuous skills
development

# of Courses,
conferences (per)
faculty (per) yr

Reward system Yes/No

Uni/Gov/Industry
collaboration

# of Workshops,
Seminars
grants/funds ($)

Output Number of graduates in
science and engineering

# of Students (per) yr

Number of patents # of Patents (per) yr

Number of scientific
and technical published
articles

# of Publications (per)
yr

H-index #

Number of start-ups # of Start-ups (per) year
(or every 3–5 yrs)

Fig. 5 Proposed innovation indicators’ main categories

enhance existing ones. Output indicators represent the novel results of innovative
activities (Fig. 5).

4.5 Input Indicators

Pupil-teacher ratio (or student teacher ratio) represents the number of full-time stu-
dents divided by the number of full-time teachers at similar levels and similar type
of institution. Evidence show that there is a positive relationship between smaller
class sizes and student-teacher ratio as it allowsmore flexibility and innovation in the
classroom (Hattie 2009). This indicator is used by GII indexing (Cornell University
et al. 2017) to measure human capital and research under the education category.

Total R&D headcount: represents the number of researchers, such as research
assistants and post-docs in the HEI. It is essential to have an adequate number of
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researchers to boost the productivity of research, which as a result, will increase the
innovative outputs for the institution. This indicator appears in the GII human capital
and research section under R&D category.

4.6 Process Indicators

Continuous skills development: represents the institution’s willingness to provide
sustainable development for its faculty through training courses (internal and/or
external), workshops (technical or non technical) to develop their technical and soft-
skills. Almost all national strategies include this indicator as a powerful indicator for
human capital development and economic growth.

Reward system: represents the incentive provided by the institution as amotivating
tool for faculty, which as a result leads tomore productivity and employees’ retention.
Whether it is a recognition system or material reward (money or appraisal), it will
be listed as an indirect indicator for innovative outputs.

University-Government-industry collaboration: represents any form of collabo-
ration amid HEI and industrial and/or governmental entities. These collaborations
include, but are not limited to projects, grants, training, and lectures, in addition
to internships and outreach activities. Industry-academia collaboration has gained
increasing attention from both developing and developed countries for its role in
innovation and economic development.

4.7 Output Indicators

The number of graduates in science and engineering: the number of engineers rep-
resents part of the RSE indicator, which represents the human resource capacity
needed for R&D. This indicator can signify to what extent the program is appealing
to students, which shows the innovative efforts in attracting students.

The number of patents and scientific and technical published articles represents the
knowledge creation within an institution or department. In GII, these indicators are
listed under the knowledge creation category in knowledge and technology outputs
section.

The faculty h-index gives an indication for the scholar’s productivity and the
impact of his/her production through the number of citations his/her work receives.
Scholars with high influence and breakthrough research possess a higher h-index
rating.

The number of start-ups: represents the number of initiatives by students and
faculty practicing their entrepreneurial skills, and also represents management and
leadership support and appreciation for such initiatives. Highly ranked universities,
such as Oxford University have Start-up Incubator programs to support university
researchers financially, in addition to offering them legal consultations, and connec-
tions with external entities to commercialize their ideas.
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5 Limitations

Our methodology is limited to fostering innovation and does not investigate what
hinders creativity and innovation, which can be researched in future studies. This
paper suggests a theoretical framework, and it is hoped that the results of applying
this framework will be published in a follow up research paper when the work is
completed.

The suggested list of innovation indicators is not optimal. A mixture of ten indi-
cators is used according to their importance within R&D arena, their availability in
different data resources, and usage in GII. Other indicators can be used for different
purposes.

Finally, although the study is limited to engineering departments, innovative out-
comes can result from other departments and this might change the indicators’ selec-
tion and the study results.

6 Conclusion and Future Work

This paper has tried to show the importance of creativity and innovation as essential
skills for achieving sustainable development. As some of the problems faced glob-
ally are not caused by scarce resources or collapsing markets but by static thinking
(Bakkar 2015), these skills are highly needed especially in academia. HEIs are the
main hubs for knowledge production, research and individuals’ skills development,
which is why creativity training should be encouraged in such institutions. In this
study, the focus is placed on the leadership role in cultivating more innovation in
organizations such as universities, and since leadership has a dominant role in the
workplace, its influence should be positively invested.

Our studyproposes a novelmethod in combining a leadership style thatwas proved
to influence the creativity and innovativeness of followers, to the LIFT theory which
is followers’ centric as an attempt to stimulate positive effects. It also proposes a
set of indicators to assess the creativity and innovativeness quantitatively. The study
contains three main sets of data which are (1) leadership style analysis by MLQ,
(2) a leadership, followership and system analysis questionnaire, which is designed
by the researchers’ team, and (3) a creativity and innovation indicator table, which
is suggested by the researchers’ team (and most suitable for engineering schools).
Currently the researchers are working on the application of this model where three
universities are being examined to identify the causality between different levels and
styles of leadership and different forms of innovation indicators. By succeeding in
determining these relationships, a human development plan can be established to
determine what styles and traits are needed to foster certain forms of innovation.
This plan can be used to assess existing or prospective R&D leaders, develop human
resources strategies, and design leadership training.
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The ECOMAPS Project: How
the Academy Can Get Involved in Local
Waste Management Projects

Sara Falsini and Ugo Bardi

Abstract Wastemanagement is becoming an urgent element of sustainability where
university campuses can provide a substantial contribution in: (1) offering the com-
petence necessary to optimize waste management and (2) giving the example in how
to correctly manage waste in a relatively large entity such as in a university campus.
In this area, the University of Florence engaged, together with the National Consor-
tium on the Science and Technology ofMaterials (INSTM), in a project: ECOMAPS
financed by the Tuscan Regional Government. ECOMAPS has the aim of developing
a web-based platform which is addressed to everyone but in particular to industries
to optimize waste disposal. Thus, the customer, who needs to dispose of waste, will
be directly connected with the appropriate facility. The novelty of ECOMAPS lies
in the geolocation system which allows the users to easily find the closest facility for
waste disposal. This web page will be connected to an already existent blog Ecomaps
news where the user not only can get the information related to waste disposal but
also the technical support. The project is at present focused on industrial waste, but
it can be extended to urban waste and we plan to create a model platform for the
management of on-campus waste.
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1 Current Situation of Waste Management in Italy and The
Ecomaps Project

Nowadays, better waste management should be an important goal for our society
(Brooks et al. 2018), considering that in 2016 Italy produced 135 million tons of
special waste, 2% more than the total production of 2015 (ISPRA 2018; Laraia
2017). This is a huge amount of waste that has to be monitored step by step from
collection to themoment inwhich it is transported and finally disposed of or recycled.
In particular, special waste is produced by industrial activities and requires careful
handling since it is potentially harmful to humans and the environment (EU 2016).

In Italy, the recovery of special waste is coordinated by private companies operat-
ing in the environmental field and these are not easy to find through a simple Google
search. Most of the time the consumers find it difficult to understand where and
how they can dispose of waste, also because the online information related to waste
disposal and management are fragmented, sometimes unclear and difficult to find.
As a result, users feel confused and sometimes really don’t know what the most
appropriate waste-disposal service is.

In this context, we have thought about developing a web platform which will
be open to everyone and able to connect people directly with the appropriate and
closest facility. This is the novelty of the project called ECOMAPS, a new way
to simplify waste management. The characteristics of ECOMAPS are unique until
now nobody in Italy had thought platform with similar performance. In this project,
the University of Florence together with National Consortium on the Science and
Technology of Materials (INSTM) are involved in the optimization of local waste
disposal demonstrating academic involvement in sustainability and circular economy
through concrete actions aimed at citizens.

2 What is Ecomaps?

ECOMAPS is financed by the Tuscan Regional Government with European funding,
POR Creo Fesr 2014–2020 (http://www.regione.toscana.it/porcreo-fesr-2014-2020)
(in 2016 and it is still ongoing until 31st September 2018. The project ECOMAPShas
the purpose of developing aweb-based platform for themanagement of special waste
in Italy. This project has basically two main key goals: the building of an innovative
online platform called Ecomaps to optimize waste disposal and the creation of a
blog called Ecomaps News which will support and inform all users about waste
management as well as sustainability, the circular economy and their impact on
society.

This online platform is intended for use by all, but in particular industry, which is
the main producer of waste, in order to facilitate and optimize its disposal (Fig. 1).
Thus, the customer, who needs to dispose of special waste, will be directly connected

http://www.regione.toscana.it/porcreo-fesr-2014-2020)
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Fig. 1 Ecomaps graphical interface

with the appropriate facility able to do it. This tool implies an optimization of waste
transport and disposal, thus reducing CO2 emissions and costs.

Therefore, the principal novelty of this platform lies in the geolocation system
which helps users to easily find the closest facility. Just imagine a simple Google
search anywhere you are to get the information you need. Ecomaps can do that, and it
represents a powerful tool in the hands of citizens and a great advantage in a society
which is projected towards the circular economy where the recycling of all waste is
auspicable.

3 The Blog Will Be Connected with the Platform

This web page will be connected to an already existent blog Ecomaps news (http://
ecomaps.dgnet.it/it/index.php). The graphical interface is shown in Fig. 2. This blog
provides added value in that the user not only can get the information related to
waste disposal but also the technical support of existing laws. Ecomaps news may
represent a meeting point for those who want to know more not only about waste
but also about topics like health, environment, and sustainability, and discuss these
themes more in depth.

http://ecomaps.dgnet.it/it/index.php
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Fig. 2 Ecomaps news graphical interface

4 The Great Advantages of Using Ecomaps

The Ecomaps is free and publicly accessible. Therefore, all people in possession of
a device (i.e. a phone, a tablet, a laptop or a desktop) can use it wherever they are,
from home, office or an industry.

Therefore, Ecomaps is a platform where the Application Programming Interface
(API) of Google maps are integrated in the Graphical User Interface (GUI), sim-
plifying the geolocalization not only of the customer but also of the environmental
services. In this way, the application is familiar and user-friendly for the customers.
Therefore, to localize the facility, users can input the EuropeanWaste Code (EWC) if
the costumers are experts, or a simpler description of the waste (Fig. 3). The platform
will develop this information and it is able to find the specific structure where the
waste can be recycled or disposed of, as required by the existing laws.

In addition, through a system of geolocation, the platform can find not only the
appropriate structure but also the closest, optimizing the cost of the disposal together
with the reduction of CO2 emissions due to transportation.

Once the users have identified the proper facility they can send a request for
disposal, indicating the amount (e.g. kg, tons, etc.), the physical condition (e.g.
liquid, solid, dusty etc.) and how often they want to dispose of this kind of waste (i.e.
one time a week, once a month).
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Fig. 3 Ecomaps graphical
interface where users can
input the EWC or a simpler
description of the waste

Another important advantage given by the blog Ecomaps news that it is used to
promote the appropriate disposal of waste that sometimes can be tricky and unclear.
In thisway, the userswill not be left alone but through this tool, they can communicate
their needs to get information and at the same time, they can find support for waste
disposal.

5 The partnership

The partnership is composed of:

• dgNET, an Information Technology company which is the leader of the partner-
ship and manages the platform’s design together with G. Stampa, the creator of
Ecomaps;

• National Interuniversity Consortium of Materials Science and Technology
(INSTM) which is a research entity responsible for the scientific and technical
contents published every week in the website Ecomaps news;

• ECOFLASH a company with a thirty years’ experience in the field of waste dis-
posal which supports INSTM in providing information about waste management;

• SINAPSI a company that is involved in the commercial exploitation of the project.

All these enterprises and research entity are located in the Tuscan region.
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6 Conclusions and Future Perspectives for ECOMAPS

Waste management has become an issue of growing global concern. In this scenario,
the university campuses can offer theirs contribute encouraging the future genera-
tions to move towards circular economy as well as providing them new strategies to
optimize waste disposal. For this reason, we think that Ecomaps platform could be
an innovative concept of waste management in Italy and a very powerful tool in the
hands of the citizens, supporting them in special waste disposal. Ecomaps is online
and reaches everyone, connecting anyone who has waste, directly with the appropri-
ate facility that can dispose of it. This happens because of existent laws concerning
waste management in which the trash is disposed of or recycled according to their
chemical composition.

Therefore, Ecomaps provides a graphical user-friendly interface where the cus-
tomer can insert the EWC or a description of waste. Immediately it searches for
not only the most suitable company but also the nearest facility through a system
of geolocation. This optimizes disposal while reducing the cost of transport and
CO2 emission and reduces the likelihood that consumers will leave the trash in the
environment.

For this reason, we think that Ecomaps may have a great impact on Italian society
in general but especially on the industries that are the major producers of waste. It
has a great potential to help and implement waste management which currently in
Italy is a tricky point that has to be overcome. Good management of waste is an
important step towards the circular economy.

For the future, the companies involved in the ECOMAPS project have prepared
a detailed business plan for the commercial exploitation of the platform for waste
management. The plan involves a coordinated effort for expanding the service to
urbanwaste andweplan to create amodel platform for themanagement of on-campus
waste. Since the ECOMAPS idea is comparable to other web-managed platforms,
such as Amazon and Uber, although obviously a different field, the perspectives for
expansion are excellent.

The involvement of the University of Florence in this project is important as a
signal of the interest of academic researchers in concrete, practical ways to help
citizens to better manage waste and—in general—the ecosystem. An involvement
began in 2016 when Florence University started to make available its spaces and
experience to spread the concept of sustainability and circular economy. The activi-
ties promoted by the Florence University include the installation of specific services
(Ecotappe) for waste management, open seminars to students and employees, prac-
tices to reduce the use of plastic through the installation of fountains. In this way,
the University is proving its will to take part in the everyday problems of the citizens
and the environment making available its knowledge to improve our lives.
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National Sustainability Transitions
and the Role of University Campuses:
Ireland as a Case Study

William Horan, Rachel Shawe, Richard Moles and Bernadette O’Regan

Abstract University Campuses (UC) have the capacity to experiment with and
demonstrate innovative sustainability solutions in a ‘real-world’ context that may
serve as possible pre-configurations of sustainable societies. While there is poten-
tial for universities to improve their own operational sustainability by experimenting
with innovative sustainability solutions on campus, the greatest potential of the sector
is their multiplier effect on catalysing wider society’s transition towards sustainable
communities. To evaluate UC potential contribution towards catalysing wider soci-
ety’s transition towards sustainable communities, no single perspective is adequate
due to the multi-dimensional nature of sustainability transition pathways. As a result
an integrated approach titled the Higher Education Advancing Development for Sus-
tainability (HEADS) approach was developed and applied to the UC sector in Ireland
utilising the perspectives of initiative-based learning (or living lab), sociotechnical
analysis and quantitative systems modelling. By utilising this integrated approach, a
fuller picture is achieved by bridging the partial understanding obtained from each
of these perspectives as to how UC may contribute to national transition towards
sustainability.

Keywords Sustainability transitions · University campus · Living labs ·
Sociotechnical transitions · Integrated approach

1 Introduction

Human activity has resulted in alteration of the environment on a global scale (Steffen
et al. 2011; Giljum et al. 2014; Brunner and Rechberger 2017). Total anthropogenic
metabolism (input, output and stock of materials and energy needed to satisfy all
human needs) has increased greatly from prehistoric times, with a marked accel-
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eration from 1950, due to growth in human population, but also due to increased
material throughput per capita (Steffen et al. 2011; Brunner and Rechberger 2017).
Given that anthropogenic activities are putting strain on our supporting biospheres
ability to perpetuate human systems, urgent action is needed to avoid major threats
posed to ecosystem functions (Meadows et al. 2004; Rockstrom et al. 2009; Haum
and Loose 2015).

UC have a significant role to play in both international and national sustainability
transitions.Many of the challenges that society faces are reflected at campus level, for
example, the need to lower material throughput of growing systems. From a global
perspective the environmental impacts related to UC are relatively small compared
to other sectors (Derrick 2013; Lang and Kennnedy 2016). However, the difference
between education and other sectors is that the education sector has an opportunity
to play a transformative role in global change (Derrick 2013).

Given that UC have negative environmental impacts associated with their opera-
tion, the logical step for campuses, to facilitate society’s transition towards sustain-
ability, is by reducing their own material and energy demands (Ferrer-Balas et al.
2008). However, individual organisations such as universities cannot independently
be fully sustainable, but they can play a role in systems that stay within or exceed
planetary boundaries (Lang and Kennedy 2016). Therefore, it is vital that UC go
beyond limiting their own environmental impacts and act as change agents in facili-
tating wider society’s transition towards sustainability (Stephens et al. 2008).

In relation to experimentation and demonstration of sustainability solutions, UC
have been identified as ideal testing grounds. UC may be viewed as a microcosm of
society, or as small cities due to their large size, diverse population and the numerous
complex activities and operations which occur on their campuses and the result-
ing direct and indirect environmental impacts (Alshuwaikhat and Abubaker 2008;
Jain et al. 2017). Ways in which UC may become more sustainable include changes
in education, governance, operation, research and outreach, as current values and
assumptions concerning these areas are considered by many authors to be unsustain-
able in the long term (Valasquez et al. 2006; Yarime and Tanaka 2012; Disterheft
2015). Efforts in influencing wider societal transitions among UC include “experi-
menting with campus-based social innovations that integrate infrastructure, opera-
tions, curriculum, research and funding while communicating new ways of thinking
within and outside of the campus community” (Eatmon et al. 2016).

This study will outline the development and application of an integrated approach
to guide UC in leading national sustainability transitions through experimentation
and demonstration of sustainability solutions. This novel approach contributes to the
UC sustainability literature by linking action on the ground at campuses to national
sustainability targets with an illustrative application of the approach focused on
Ireland’s electric vehicle transition. This approach is also novel in that it focuses on
the potential of UC as a sector in promoting wider societal sustainability transitions
which is currently overlooked in the literature.
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2 Integrated Approach to Guide UC Role in National
Sustainability Transitions

To evaluate sustainability transition pathways, it is argued that no single perspective
or discipline will be adequate due to the multi-dimensional nature of sustainability
transitions that requires integration of multiple theories and approaches to generate
useful knowledge (Parker et al. 2002; Harris 2002; Alshuwaikhat and Abubaker
2008; Ostrom 2009; Turnheim et al. 2015; Cherp et al. 2018). To gain a broader
perspective of sustainability transitions, integrated approaches have been proposed
(Turheim et al. 2015; Cherp et al. 2018).

There are a number of integrated approaches that look at UC sustainability tran-
sitions (Valasquez et al. 2006; Alshuwaikhat and Abubaker 2008; Disterheft et al.
2015; Baker-Shelley et al. 2017), but these studies assess individual campus sustain-
ability only and a literature search found no relevant studies in relation to the UC
sector.

Turnheim et al. (2015) proposed an integrated approach to improve international,
national and sectorial sustainable transition pathway projections by bridging the
perspectives of quantitative systems analysis, sociotechnical analysis and initiative
based learning. This study utilises the three perspectives proposed by Turnheim et al.,
but adapts them to the objective of this study, which is to conceptualise and evaluate
the UC sectors role in facilitating national sustainability transitions. Therefore the
approach developed is not designed to improve national or sectorial projections, but
rather to inform UC role in national sustainability transitions. The adaption of the
integrated approach to study the UC sector’s role in national sustainability transitions
required a critical review of the three perspectives utilised, to establish the most
appropriate configuration of the integrated approach. This study took place over a
one year period from July 2017 to July 2018. The study was limited to articles from
1998 to 2018 in relation to development of the integrated approach and from 2010
to 2018 in relation to case study development of electric vehicles.

3 Quantitative Systems Analysis—Critical Review

In projecting future quantitative scenarios, what is technologically and behaviourally
possible can be estimated. According to Vergragt and Quist (2011) there are three
classes of quantitative scenarios, namely: what will happen based on current trends
(trend extrapolations, business as usual), what could happen (forecasting, foresight-
ing, strategic scenarios) and what should happen (normative scenarios such as back-
casting). Factors that may impact scenario development include assumptions sur-
rounding current growth rate of the sector, penetration rates of renewables into the
grid, efficiencies of technologies, learning rates or installation rates associated with
renewable technology rollout, energy and cost payback times, and the time cost of
money.
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Quantitative systems analysis has been applied to Irish national projections in the
following areas: electricity grid energy sources (Eirgrid 2017; ESB 2017), national
GHG emissions (EPA 2017) and renewable energy sources in relation to renewable
electricity, heat and transport (SEAI 2017) and electric vehicle roll out (SEAI 2011;
ESB 2017). Useful sectorial projections require large bodies of disaggregated data
which are currently lacking in the Irish UC sector (also problematic in other sectors).
As the focus of this research is on how UC may facilitate national sustainability
transitions, the quantitative systems modelling aspect of the integrated approach
analyses Irish national level sustainability projections to identify areas where UC
may take action to catalyse these transitions.

4 Sociotechnical Analysis—Critical Review

Sociotechnical analysis is a perspective that looks at how technology and social sys-
tems co-evolve over time. Sociotechnical systems consist of dynamically intercon-
nected components that include technologies, infrastructure, organisations, markets,
regulations and user preferences that are responsible for the delivery of societal func-
tions (Geels et al. 2017). Transitions at the societal level involve a change from one
sociotechnical system to another, and this is referred to as systems innovation (Elzen
et al. 2004). The two most common research frameworks that have been applied to
sociotechnical transitions are the Multi-Phase Concept (MPC) of transitions and the
Multi-Level Perspective (MLP) of society (Chang et al. 2017).

According to the MPC of transitions, the ideal pattern that represents a transition
process can be represented by an S-shaped curve that includes the four phases of
pre-development, take-off, breakthrough and stabilisation. According to (Rotmans
et al. 2001; Loorback 2007) each phase is characterised as follows:

1. Predevelopment phase: There is very little visible change on the societal level
but experimentation is occurring.

2. Take-off phase: The process of change commences and the state of the system
begins to shift.

3. Acceleration phase: Structural changes take place in a visible way through an
accumulation of socio-cultural, economic, ecological and institutional changes
that interact with one another during this phase; there are collective learning
processes, diffusion and embedding processes.

4. Stabilization phase: The speed of societal change decreases and a new dynamic
equilibrium is reached.

The MPC is used here to conceptualise the role UC play in each of these phases
through research, experimentation, deployment and up-scaling of sustainability solu-
tions.

TheMLP is a framework for understanding sustainability transitions that provides
an overall view of the multi-dimensional complexity of changes in socio-technical
systems (Geels 2010). The MLP, offers a heuristic to analyse the development and
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entrenchment of technology and technological systems within society (Geels 2002)
and to analyse interactions between industries, technology, markets, policy, culture
and civic society (Geels 2011). The MLP views transitions as non-linear processes
that result from the interplay of developments on three analytical levels: niches or
micro level (protective space for path breaking innovations), sociotechnical regimes
or meso level (established practices and associated rules that stabilise existing sys-
tems), and an exogenous sociotechnical landscape or macro level that encompasses
broader social and physical factors (political and cultural norms, economic and demo-
graphic trends) (Rip et al. 1998; Smith and Stirling 2010; Verbong and Geels 2010;
Geels et al. 2017). Within this framework, acceleration of sociotechnical transi-
tions or regime change involves the three mutually reinforcing process of increasing
momentum of niche innovation, weakening of existing systems, and strengthening
exogenous pressures which can create windows of opportunity for niche innovations
(Geels et al. 2017).

Previous studies that have used sociotechnical analysis to study UC sustainability
transitions have included transitions in UC governance (Stephens and Graham 2010)
and food production at UC (Eatmon et al. 2016). These analysed how the current
dominant systems or regimes within UC may be transformed to sustainable alterna-
tives by niche actors within the UC community. Here we propose a novel framing
of UC, within the MLP, as niche actors in catalysing national sustainability tran-
sitions of sociotechnical systems. Within this perspective UC are viewed as niche
actors in that they facilitate niche development through research and development of
innovative and disruptive technologies, while UC provide locations where sustain-
ability innovations can be experimented with and deployed. Such activities facilitate
niche development through learning by doing, and establishing or mainstreaming
the sustainability solution or technology for further replication. UC also have a role
to play in shaping sociotechnical landscape change, as they have an important role
to play in socialisation of individuals at a national level and may facilitate shifts in
cultural and political norms (for example, educate the leaders of tomorrow that tack-
ling climate change is important and showcasing what is technologically possible
by demonstration of sustainability solutions on campus). By shaping sociotechnical
landscape change universities can facilitate landscape pressure on current sociotech-
nical regimes which leads to windows of opportunity for niche innovations. UC as
niche actors can also engage with current sociotechnical regime actors to incorpo-
rate niche innovations into the current regime to improve environmental efficiency.
By applying this novel perspective to previous sociotechnical transitions, potential
actions for the UC sector in Ireland were identified.

5 Initiative Based Learning—Critical Review

Initiative based learning is focused on developing sustainability innovations and gen-
erating new knowledge by experimenting and demonstrating sustainability solutions
in a real world context. In the initiative base learning literature, the living lab con-
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cept is becoming an increasingly popular model throughwhich universities and cities
are engaging with each other to generate practical solutions to sustainability chal-
lenges (Konig and Evans 2013; Liedtke et al. 2012; Evans et al. 2015). The living
lab perspective is utilised by a number of organisations including HEIs as “platforms
for experimentation to develop and market approaches to sustainability” (Schliwa
et al. 2015). Living labs have also been defined as “geographically or institutionally
bounded space, they conduct intentional experiments that make social and material
alterations and incorporate an explicit element of iterative learning” (Evans et al.
2015).

The overall aim of living labs is to learn and experiment by integrating the pro-
cesses of research and innovation (Steen and van Bueren 2017; ENoLL 2016; Schu-
urman et al. 2016; Streiff and Ramanathan 2017). The innovation aspect refers to
the development of new products and to the discovery of new solutions to existing
problems while the learning and experimenting aspect refers to the generation and
dissemination of knowledge among participants (Steen and van Bueren 2017). The
emphasis on formalized knowledge production, that is, lessons that are formulated
and that can be disseminated, is what sets living labs apart from other policy exper-
iments and niches of innovation (Evans et al. 2015). One vital aspect of the living
lab is that the output created does not stay in the academic community but is dis-
seminated to wider society (Schliwa et al. 2015) with the hoped for impact being
refinement and dissemination of new methodologies and technologies.

6 Higher Education Advancing Development
for Sustainability (HEADS) Approach Development

Building on the critical review of each perspective, a configuration of the approach
was developed to best fit the objective of this study. It was decided that the quan-
titative systems analysis perspective was to be applied to national level sustainabil-
ity transitions projections, to identify arenas where UC may take actions to best
serve wider societal sustainability transitions. The sociotechnical analysis perspec-
tive entailed using a multi-phase concept of transitions and a novel framing of UC as
niche actors using the multi-level perspective of society. The initiative based learn-
ing aspect entailed utilising a living lab perspective to identify experimentation and
demonstration of sustainability solutions currently taking place on the ground at UC
and how lessons learned may be replicated by other UC and up-scaled to wider soci-
ety. Each of these perspectives was integrated into an approach that was specifically
adapted to guide UC actions in facilitating national sustainability transitions. This
novel approach is titled the ‘Higher Education Advancing Development for Sustain-
ability’ (HEADS) approach. The linkages between the perspectives are shown in
Fig. 1.
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Fig. 1 HEADS approach

TheHEADS approach links projections of sustainability transitions at the national
level to experimentation and demonstration of sustainability solutions at the local
level ofUC. TheMLPof the sociotechnical analysis perspective serves as a link along
the spatial dimension between national level focused projections and on the ground
experimentation and demonstration. This link is achieved by conceptualising UC as
niche actors interacting with national sociotechnical systems and regimes. Along the
temporal dimension, the quantitative systems analysis and living laboratory perspec-
tives both focus on informing future trendswhile the sociotechnical perspective looks
to the past to identify the role of UC have played in previous national transitions,
utilising the MCP and the MLP, which is then used to guide future UC actions in
sustainability transitions.

By bridging the perspectives of national quantitative analysis, sociotechnical anal-
ysis and living laboratory analysis, the HEADS approach provides a comprehensive
integrated approach to guide UC action in facilitating national sustainability transi-
tions. Themain limitation of this approach is that it focuses onwhat is technologically
feasible with little regard to economic viability which may be overcome by replacing
one of the perspectives with a socio-economic perspective.
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7 A Case Study Application of the Higher Education
Advancing Development for Sustainability (HEADS)
Approach

As an example the application of HEADS to Electric Vehicle (EV) transitions is
described below.

8 Quantitative Systems Analysis Perspective—EVs

Projections relating to Irelands national transition towards electric vehicles are shown
in Table 1. These projections are from both government departments and state/semi-
state agencies. These projections show what is technologically and behaviourally
possible and are ambitious as current market penetration is relatively low at around
2200 fully electric cars on the road in Ireland and current newmarket share is around
0.6% (Weldon et al. 2018). Plug-in electric vehicles which include battery electric
vehicles (BEV) and plug-in hybrid electric vehicles (PHEV) account for 4800 vehi-
cles on the road by 2018 (SEAI 2018).

While these projections are useful in highlighting the level of ambition needed
for national sustainability transitions and a useful guide for UC activities, they do
not inform how such a transition may occur in the ‘real world’. Previous to these
projections the Irish government had a target of 10% of all vehicles on the road being
electric vehicles by 2020, which would account for 230,000 EVs. These projections
were subsequently revised down due to poor adoption rates. This highlights the main
weakness of studying sustainability transitions solely through quantitative projec-

Table 1 Quantitative national projections of EV adoption rates in Ireland

EV numbers Document title Source

500,000 by 2030 National Development Plan
2018–2027

Department of Public
Expenditure and Reform
2018

150,000 by 2020
800,000 by 2030
2,800,000 by 2050

Ireland’s Low Carbon
Future-Dimensions of a
Solution

ESB 2017

309,000–560,000 by 2030 Tomorrows Energy Scenarios
2017

EirGrid 2017

20,000 by 2020
250,000 by 2025
800,000 by 2030

National Policy Framework,
Alternative Fuels
Infrastructure for Transport
in Ireland 2017–2030

Department of Transport,
Tourism and Sport 2017

1,400,000–2,100,000 by 2050 Electric Vehicle Roadmap
2050

SEAI 2011
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tions, as they are based on assumptions that may not play out in “reality”. It is also
worth noting that none of these projections attempt to link adoption rates to localised
initiates that may enable EVmainstreaming, such as EV charging points at Irish UC.
Therefore, sociotechnical analysis and the living lab approach are used to comple-
ment national quantitative projections to identify UC role in EV mainstreaming.

9 Sociotechnical Analysis Perspective—EVs

Norwayhas been recognised as aworld leader in terms ofEVadoption rates per capita
(IEA 2018) with the milestone of 100,000 on the road BEVs by 2016 (Lorentzen
et al. 2017). Given that Norway has a similar sized population to Ireland it serves
as a useful case study to guide best practice implementation in relation to electric
vehicle mainstreaming. In terms of charging infrastructure Norway has a charging
infrastructure of 7,100 public normal charging stations and roughly 950 fast charging
stations (Lorentzen et al. 2017). The Republic of Ireland in comparison has 800
publicly available charging points of which 70 are fast charging points (ESB 2018).
From the MPC perspective it is clear that Norway is currently at or entering the
acceleration phase of EV transitionmainstreamingwith a BEV regime on the horizon
(Figenbaum 2017), while Ireland is still at the take-off phase.

From a global perspective Berkley et al. 2017 used the MLP to identify that
there are landscape pressures on the current dominant system, which is the internal
combustion engine mode of transportation, but a lack of niche activities to catalyse
a transition towards electric vehicles. UC activities in facilitating electric vehicle
mainstreaming may be observed through the number of electric vehicles charging
points on campus. Norwegian and Irish UC were analysed to compare their roles as
niche actors in national transitions towards EVs (Table 2). It is clear that the number
of charging points on a UC is strongly correlated with national EV adoption rates.
This begs the question as to whether charging points at UC is causative of greater EV
adoption rates or just a correlation reflectingUC response to landscape pressures such
as favourable government policy. That being said the evidence suggests that UC are
suitable locations to place chargers in developing national charging point networks.
From data collected from 3 universities in Norway the number of charging points
was 101 for 48,299 students. Ireland had 6 charging points for 100,793 students. This
corresponds to 478 students per charging point at the Norwegian UC in the study
compared to 16,799 students per charging point at Irish UC. If Irish UC were to
replicate Norwegian installation rates of electric vehicle charging points on campus,
196 extra charging points would need to be installed at Irish UC. From this analysis it
is clear that Irish UC need to greatly increase their charging infrastructure to become
a niche actor in facilitating national EV charging point roll out as Norwegian UC
have.



264 W. Horan et al.

Table 2 Comparison of Norway and Ireland university campus electric vehicle charging points

Country Population in
Millions
(2016)

Market Share
of BEVs 2015
(Eurostat
2018) (%)

Student
numbers/UC
charging point
nationally

University
campus

Sources

Norway 5.2 (SSB
2017)

12.5 478 University of
Oslo

Norwegian
Student
Numbers for
2016 (SSB
2018)
Charging
Points from
(Chargemap
2018)

University of
Bergen

Norwegian
University of
Life Sciences

Ireland 4.8 (CSO
2017)

0.4 16,799 University
College
Dublin

Irish Student
Numbers for
2016 (HEA
2018)
Charging
points from
public
charging
network
website (ESB
2018)

University of
Limerick

National
University of
Ireland,
Maynooth

Trinity
College
Dublin

University
College Cork

National
University of
Ireland,
Galway

Dublin City
University

10 Living Labs Perspective—EVs

The living lab perspective identified activities that UC are taking on the ground in
relation to experimentation and demonstration of sustainability solutions and the
associated knowledge generation that may lead to dissemination and up-scaling of
solutions to wider society. This aspect of the analysis focuses on the causal links of
UC stimulating niche development. Examples of initiatives that are taking place on
campuses are shown in Table 3. Lessons range from integrating renewable electric-
ity generation and charging points in one location, collaboration with other actors
surrounding smart charging research and normalisation of electric vehicles by sup-
plying influential actors within campus community with free electric vehicles. The
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Table 3 EV initiatives at UC

Initiative University campus Lesson for Irish UC Sources

28 fast charging
stations in one car
park

Utrecht University Collaboration with
start-up as part of
European Institute of
Innovation and
Technology Climate
KIC network

Sustainable Campus
Launching Customer
(2016)

Living lab smart
charging

Dutch Universities Collaboration
between UC,
government, network
operators to develop
solutions to smart
charging

Living Lab Smart
Charging (2018)

Solar to EV charger University of Central
Florida

Linking solar energy
generation to EV
charging

University of Central
Florida (2015)

Wind to EV charger Western Michigan
University

Linking wind
generation on
campus to EV
charging to inform
future charging
strategies

Western Michigan
University (2011)

Development of EV
charger for
maintenance vehicles
powered by solar

Dublin Institute of
Technology

PV used to power
buildings and estates
buggies

Esfandyari et al.
(2016)

Free EV for
University Employees

Birkenfeld Umwelt
Campus

Collaboration
between BMW and
Birkenfeld to
mainstream EV
rollout

Site Visit

normalisation aspect is particularly relevant to UC due to the high turnover rate of
students on campus which may have an amplifying effect on wider society norms
due to universities role in socialisation of individuals within society. The initiatives
identified serve as possible initiatives that may be replicated by Irish UC to gen-
erate sustainability innovations surrounding EV’s and contribute to UC role as an
important niche actor in national transitions towards EVs.



266 W. Horan et al.

11 Conclusions

Achieving national and international targets for decarbonisation require fundamental
changes in energy and material consumption, and all possible actors and agencies
will need to be active in developing and adopting practices differing significantly
from business as usual. In Ireland and in many other countries, the potential of the
UC is being exploited to a very limited extent. The objective of this paper is to
conceptualise and evaluate the UC role in advancing national efforts to enhance
sustainability by providing a rationale for such a role, and to evaluate the types
of significant outcomes which may be anticipated. Conceptualisation is needed to
provide a rationale for governments andgovernment agencies to recognise and exploit
opportunities within this sector for policies and actions which may be expected to aid
in meeting national and international commitments, and to guide UC in following
best international practice in identifying and applying appropriate plans and actions
(UC might take their lead from Governments, or vice versa).

A literature review of possible approaches and methods provided the basis for the
development of a novel method for achieving this, namely the HEADS approach. By
positioning UC as niche actors within national sustainability transitions the approach
identified the potential of UC in facilitating sustainable technology niche develop-
ment. A simple case study on the penetration of EVs was described which allows
an evaluation of how in practice application of the HEADS approach might act in
Ireland to significantly enhance the role of the UC in advancing national policy, in
this case by using UC as arenas in which EVs are seen to be successfully deployed.
The approach identified that Irish national projections predict a major increase in
EV adoption rates however with no assumptions surrounding UC role in facilitating
niche development.Based on evidence fromNorway,UCserve as important locations
in public EV charging point rollout, which is a necessary prerequisite to increased
EV adoption rates. Replication of Norwegian UC EV charging point installations at
Irish UC would serve as an enabler of further niche development nationally with 196
extra charging points on Irish UC to match Norwegian UC installation rates. The
HEADS approach also identified the various ways that UC may experiment with
novel sustainability solutions that contribute to mainstreaming of EVs. Best practice
was identified drawing on case studies from the international literature and include
initiatives linking renewable energy generation to EV charging points on-site, smart
charging research and normalisation activities at UC. These case studies offer valu-
able lessons for potential replication at Irish UC in facilitating knowledge generation
associated with experimentation and demonstration in a real world context. More
complex and detailed application of the HEADS approach produces a more in-depth
and wide ranging analysis of potentials.
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Abstract Despite the adoption of specialised sustainability programmes and incor-
poration of some sustainability content into business curricula, Business Education
for Sustainability for business management students still fails to meet needs of grad-
uates in the workplace, creating a sustainability skills gap. In order to address this
sustainability skills gap, the Level 5 business sustainability curriculum engages stu-
dents in practical methodologies for business sustainability learning, teaching and
assessment using the university as a live sustainability case study. This introduces
students to real-world sustainability challenges and opportunities through a known
organisation in the safe environment of the classroom. This paper presents qual-
itative evidence from research conducted to investigate the effectiveness of using
the university as a live sustainability case study for business sustainability learning,
teaching and assessment. Findings suggest using the university as a live sustainability
case study provides a real world, experiential learning environment that encourages
students to engage with the key principles of business sustainability and develop
sustainability literacy and employment skills. This study will assist members of
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1 Introduction

Universities have long been seen as role models for sustainability, with campus
operations an important avenue for raising awareness about sustainability (Fredman
2012; Leal Filho et al. 2015). However, the changing sustainability perspectives of,
and from, businesses, government agencies and the general public are increasingly
driving universities to take an additional role; responsibility for the sustainability
knowledge, competences and values of graduates. This is supported by a growing
view amongst graduates and students that businesses can be and should be a force for
good (Holtum2014) and a growing requirement fromemployers thatBusiness School
graduates should be employment ready and equipped with sustainability skills, com-
petences and values that meet the needs of future business leaders (Stough et al.
2018). Business Schools are therefore, now expected to be key players in shaping
sustainable futures (Disterheft et al. 2015; Figuero and Raufflet 2015); preparing stu-
dents tomake responsible and ethical management decisions and delivering society’s
demands for responsible business (Adomssent et al. 2014).

Business Schools’ most valuable contribution to achieving these sustainable
futures is to develop students with the appropriate knowledge, competences and
values (Chalkley 2006; Rieckmann 2011; Quality Assurance Agency for Higher
Education 2014). As they form the link between knowledge generation and knowl-
edge transfer by educating future business managers and decision makers (UNESCO
2011), Business Schools’ promotion of sustainability advocacy can equip graduates
with valuable tools and techniques to feed forward into future workplaces to allow
them to make a difference from within (Emblen-Perry and Duckers 2018).

To achieve this contribution, UNESCO (2017) advocates improving the effec-
tiveness of Education for Sustainability (EfS) by radically rethinking the traditional
approaches used in management education to encourage students to think in new
ways. This new methodology requires educators to develop innovative learning and
teaching approaches that can develop students’ appropriate knowledge and compe-
tences and promote real world connections to make learning relevant and engaging
(Partnership for 21st Century Skills 2007).

The author considers this new methodology can be achieved by adopting a
competence-orientated approach to EfS for the Level 5 Business Sustainability mod-
ule, aligning theory and practice by using the university as a live sustainability case
study and the module as a ‘Living Lab’. Utilising the university as a live sustain-
ability case study immerses students, through the process of a sustainability audit,
in the sustainability practices of the campus, which, in turn, are situated within the
context of the university as a business. This can help prepare Business Management
students face sustainability challenges in their future workplaces and contribute to
closing the sustainability skills gap (Edie 2015; Laurinkari and Tarvainen 2017) and
graduates’ higher order cognitive skills gap (Sadler 2016) that now exist.

This paper presents research findings from a ‘Living Lab’ project, conducted
within the Level 5 Business Sustainability module, to evaluate the value of this
innovative, experiential and authentic approach to effective EfS. It explores stu-
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dents’ development of sustainability, employment and career and life skills resulting
from participation in the module and evaluates them through the Core Competences
for Sustainability Literacy Framework. This research provides insight into effective
means and methods to promote students’ sustainability knowledge, competence and
values that will contribute to the closure of sustainability skills gaps and promote
advocacy for business sustainability. It also adds to pedagogic discourse of EfS and
offers experience based guidance to educators in the sustainability community seek-
ing to develop innovative, experiential, real world learning approaches to business
sustainability.

2 Education for Sustainability for Business Management
Students

Sustainability has been gaining prominence in Higher Education (HE) (Figuero and
Raufflet 2015), with Higher Education Institutions now recognised as key contrib-
utors to learning, teaching and research to address current and future sustainability
issues (HEFCE 2013; Higher Education Academy 2015). The demand for graduates
with both and sustainability and business competences is continuing to grow (Stubbs
2011). Coupled with the reduced organisational funding for graduate training (Con-
nor et al. 2003), both students and their future employers now expect educators to
develop effective employment skills within learning, teaching and assessment (LTA)
(Pegg et al. 2012) such that Education for Sustainability is widening in scope to
become Business Education for Sustainability (BEfS).

Within Business Schools’ BEfS, educators hope to achieve four key competence
and value based learning outcomes that determine students’ sustainability literacy.
Firstly, development of sustainability attitudes, behaviours and values, (Shephard
2007). Secondly, transformation of students by enriching their sustainability knowl-
edge and competences to cope with future sustainability issues (Harvey 2000; Lam-
brechts and Ceulemans 2013) in an uncertain world (Sadler 2016). Thirdly, enable-
ment of students to think systematically, i.e. exploring insights frommultiple fields of
knowledge (Hardin et al. 2016). Finally, empowerment of students to assume respon-
sibility for creating a sustainable future (UNESCO 2002). These learning outcomes
closely align to the five core competences expected of sustainability professionals
identified by Wiek et al. (2011).

Business Schools’ most valuable contribution to achieving the desperately needed
sustainable futures is to provide innovative pedagogic means and methods for BEfS.
This should engage students with businesses to deliver positive social and business
outcomes for realworld problems (Molthan-Hill 2014) and equip themwith appropri-
ate business sustainability knowledge and skills (Chalkley 2006; Rieckmann 2011).
Laurie et al. (2016) take a wider view and argue that these pedagogies should go
beyond the business perspective and promote learning of the skills, perspectives and
values that are necessary to foster sustainable societies.
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To promote sustainability and business skills to prepare students for their future
workplaces and equip them with appropriate knowledge, competences and values to
produce these sustainable futures, Business Schools are undergoing an evolution and
maturation of sustainability LTA approaches. The evolving and increasingly com-
plex learning environments in which students are consumers of educational output
(Vanderstraeten 2004) frequently influence this. There are often tensions between
educators’ attempts to develop sustainability knowledge, competences and values
and employment skills and the marketised culture of universities. Within this com-
plex HE environment there is a need to develop a student-centric view of business
sustainability learning that encourages higher levels of engagement, which are fre-
quently found lacking.

Whilst Business Schools need students to evaluate their learning experience for
league table positioning, students also appraise a future learning experience to deter-
mine whether to engage or not. This depends on their perception of the value the
experience will offer (Emblen-Perry et al. 2017); determination of value appears to
result from an expectation of the educator’s likely ability to deliver their evolving
preference for interactive and relativistic learning and teaching experiences. Frymier
and Schulman (1995) suggest this enables learners to recognise and respond to the
relevance and value in the learning and positively engage with it.

In this marketised environment, BEfS has three main actors: students, educators
and employers. These actors have individual requirements and expected outcomes
of the LTA process. Students expect good grades, to be employment-ready and to
be taught (or perhaps entertained) through student-centred, hands-on learner inter-
actions (Conole and Alevizou 2010) rather than traditional instructivist approaches
such as slide-based lectures. Educators hope for students to develop sustainability
literacy and knowledge, competences and values to become future change agents
who can envision more positive futures by thinking systematically and responding
through applied learning (Tilbury 2011). Employers expect employment-ready grad-
uates with appropriate sustainability knowledge and employment skills (Drayson
2014).

These sustainability actors’ expectations have arisen in the complex and evolving
BEfS learning environment such that educators are now required to deliver both aca-
demic and employability content to help students obtain their degree, make students
employment ready and develop their confidence and abilities to develop systems
thinking and problem solving skills whilst acquiring employment skills (Laurie et al.
2016). This should all take place within a learning environment that students find
meaningful and in a context they find relevant (Crosthwaite et al. 2006). However,
design and development of innovative approaches to BEfS to achieve these demands
is increasingly challenging. But if educators are successful, students will be equipped
with the knowledge, competences and values able to close sustainability skills gaps
and empower them to face the complexity of uncertain futures, sustainability chal-
lenges and ethical dilemmas within their workplace (Navarro 2008; Laurie et al.
2016).

Despite thewidespread recognition of changing educational contexts and environ-
ments, Lambrechts and Ceulemans (2013) consider functional barriers to successful
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implementation of sustainability curricula may challenge the adoption of innovative
learning and teaching approaches to EfS. However, unless educators overcome these
challenges they will be unable to meet the growing expectation that universities
should contribute to a sustainable society through education, research and opera-
tions (Sterling et al. 2013; HEFCE 2013; Higher Education Academy 2015; United
Nations 2017). The author has therefore adopted the university as a live sustainabil-
ity case study as an innovative LTA approach to Business Sustainability to develop
the sustainability knowledge, competences and values of Business Management stu-
dents.

3 Sustainability Competences

Bone and Agombar (2011) suggest business leaders expect to employ staff with sus-
tainability knowledge, skills and values. To demystify these expected sustainability
skills, Wiek et al. (2011) established five core competences required by effective
sustainability professionals. These competences comprise:

1. Systems-thinking competence—the ability to analyse complex systems across
differing scopes and scales of sustainability

2. Anticipatory competence—the ability to understand future (un)sustainable sce-
narios

3. Normative competence—the ability to create sustainable vision for future sus-
tainability

4. Strategic competence—the ability to design and implement strategic interven-
tions

5. Interpersonal competence—the ability to work collaboratively to solve prob-
lems

Formany educators it remains unclearwhat students’ sustainability literacymeans
in practice. However, as these core competences of sustainability professionals align
closely to the effective outcomes of BEfS described above, the author considers
them appropriate to characterise students’ sustainability literacy as they comprise
the knowledge, competences and values students will need for successful future
career development. This paper therefore adopts these five core competences of
sustainability literacy as success indicators for an evaluation of the effectiveness of
LTA.

The author considers that Interpersonal Competence underpins the effectiveness
of the other competences and is consequently a major focus of the Business Sustain-
ability module.
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4 Sustainability Skills Gaps

The demand for graduates with both sustainability and business knowledge, com-
petences and values has developed in the last 20 years and is continuing to grow
(Stubbs 2011). However, despite this increasing demand, there is growing global
concern that a large proportion of students graduate and enter the world of work
with limited sustainability knowledge and little proficiency in the higher order cog-
nitive skills of critical thinking, evaluating, reasoning, influencing, conceptualising,
synthesising and communicating which Sadler (2016) considers key skills for the
effective development of sustainable futures.

Traditional approaches to LTA for Business Management students are unlikely to
deliver the core competences that graduates will require in their future workplaces
(Drayson 2014). Instructivist lectures for the transmission of knowledge are unable to
replicate the complex environment of low information, high uncertainty andmultiple
competing interests that will form the work environment that graduate leaders and
managers of the future will work within (Hardin et al. 2016).

However, despite the demand for graduates with sustainability knowledge and
students’ expectations of new, innovative LTA approaches, BEfS for Business Man-
agement students has not yet developed a sufficient response to match employers’
expectations. In many cases sustainability knowledge of graduates does not meet
business needs (Laurinkari and Tarvainen 2017) or fulfil organisational demands for
responsible leaders (Lonzano et al. 2013). A sustainability skills gap therefore exists.

To overcome this sustainability skills gap, Sterling et al. (2013) advocate devel-
oping the HE curriculum to increase the capacity of leaders to meet expectations
of businesses. Perello-Marin et al. (2018) go further and suggest a fundamental
change is required to establish a new learning and teaching process to achieve the
evolving expectations of educators as well as closing gaps in graduate sustainabil-
ity knowledge, competences and values to meet expectations of employers. This
approach should be based on the inclusion of students in the whole learning process
(Perello-Marin et al. 2018) and focused on engaging students in a supportive learning
environment that is both participative and reflexive to empower them to transform
the way they think and act (Rieckmann 2011; Docherty, 2014; Molthan-Hill 2014;
UNESCO 2017).

In response, the author has adopted innovative LTA means and methods for the
Level 5 Business Sustainabilitymodule, exploring and evaluating real world business
sustainability by using the university as a live sustainability case study.

5 Live Case Study Learning and Teaching

The utilisation of a written case study is a long-standing technique for teaching
in business management subjects as they can provide experience of co-operative
problem solving and a forum for discussion of ethical dilemmas and controversial
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topics (McCarthy and McCarthy 2006). This can move beyond the recall of knowl-
edge to promote its’ analysis, evaluation, and application thus facilitating cognitive
learning (Bonney 2015). Hardin et al. (2016) consider case studies can also develop
thinking capabilities and decisionmaking in disordered contextswhich is particularly
important in the pursuit of sustainable futures. However, despite the well-recognised,
positive benefits of this approach to LTA, some limitations to the effectiveness of
a written case study are recognised. Firstly, it is not-student specific i.e. it is not
directly linked to the experience of the student (Cova et al. 1993). Secondly, it does
not offer the depth of learning that occurs from personal encounter with the situa-
tions being explored (McCarthy andMcCarthy 2006) and thirdly, it does not offer the
vital personal experience that Mintzberg (2005) considers is the only way to develop
essential skills of management.

To overcome the limitations of a written case study, the author has adopted the
university as a live case study. A live case study involves students working with
an organisation (in this case the university) to explore real-world situations. This
provides an experiential learning environment as it engages students in solving real
world business problems (Burns et al. 2012). In addition to the university being
student-specific and offering real world, experiential learning, it provides an immer-
sive, beneficial learning environment in the safe setting of the classroom, which can
create memorable experiences and facilitate long-term learning by offering a more
engaging and interesting practice (Elam and Spotts 2004).

The value of a live case study lies in a number of its’ inherent features. Firstly,
its’ immediate accessibility and realism (Elam and Spotts 2004). Secondly, its’ abil-
ity to increase subject knowledge and understanding of strategy whilst developing
both hard and soft, transferable employment skills (Culpin and Scott 2011). Thirdly,
its’ focus on solving a real life problem, which drives the learning process (Stauf-
facher et al. 2006) and finally, its’ ability to encourage students to actively participate
(Elam and Spotts 2004). Together these combine to provide students with an ‘authen-
tic learning’ LTA approach which provides a study focus with a direct link to their
experience, allows them to easily encounter the organisational situation being stud-
ied and engages them with management of the university. This develops the learning
through dialogue advocated by Culpin and Scott (2011) rather than receiving the
tutors’ transmitted information. Using the university as a live case study also pro-
vides experiential learning opportunities by engaging learners in real world problem
solving as recommended by Houle (1980) and learning through sense experiences
advocated by Jarvis (1995).

Undertaking a sustainability audit of the university may enhance the value of
using the university as a live case study. It introduces students to variable situa-
tions with incomplete information and no right or wrong answers. This helps equip
them with essential life skills of decision-making and behavioural choices to handle
uncertainty through the hands-on approach of a sustainability audit within the safe
environment of the classroom. This promotes students’ principled practical knowl-
edge, i.e. ‘know-how’ combined with ‘know-why’ (Bereiter 2013) and provides the
connection between academia and the external environmental, social and political
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realities that Bell (2010) argues is required to stimulate and maintain student interest
and motivation.

Although utilising the real-word may introduce increasing complexity into learn-
ing (Glinz 1995), the more familiarity students have with facing today’s real world
issues, the more likely it is that they will be able to address problems in the future
(Laurie et al. 2016) and close sustainability skills gaps.

6 The University as Live Sustainability Case Study:
Module Context

Using the university as a live case study for the Level 5 Business Sustainability
module provides access to a complex business environment in which the students
are able to experience real world business sustainability in action and practice the five
core competences of sustainability literacy in the safe environment of the classroom.

The module comprises 12, 3 hour taught sessions delivered weekly for one
semester. The first six sessions focus on sustainability topics relevant to businesses
including, but not limited to, environmental management and justice, social responsi-
bility and economic legitimacy to engage students in the basic sustainability knowl-
edge appropriate for second year undergraduates. Lectures seven to ten focus on
embedding this knowledge and exploring the effect sustainable and unsustainable
behaviours can have onbusinesses (using the university as the business focus), includ-
ing responses to internal and external pressures from stakeholders and consequential
impacts. The students also explore opportunities to maximise sustainable behaviours
and address risks. The final three lectures focus on applying business sustainability
knowledge to develop potential strategic improvements along with implementation
strategies. The module structure aligns to the assignment described below.

In place of traditional lengthy slide based lectures, which may simply feed knowl-
edge to students and promote just-in-time learning and short-term knowledge reten-
tion (Emblen-Perry et al. 2017), the author adopts a collaborative, interactive and
experiential LTA approach. A suite of practical activities such as games, sustainabil-
ity communication filmmaking, quizzes, sustainability treasure hunts etc., (designed
round the live case study) engage students in individual and peer-to-peer learning
through discovery. They involve the students in an exploration of the university’s
sustainability practices in a fun and engaging learning environment to promote sus-
tainability literacy and develop an understanding of realworld sustainability practices
and behaviours.

In-class activities provide studentswith examples of sustainable and unsustainable
business practice, process and strategy within an environment that is personally
relevant, i.e. the university.Working with the university’s business processes through
in-class activities presents three advantages. Firstly, it immerses students in realworld
sustainability processes. Secondly, it promotes ongoing formative feedback, and face-
to-face support that current students expect (Ramsden 2013). Thirdly, it provides a
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weekly forum for the students to collect information for their assessed audit; devised
in the hope of encouraging the collection of data on a phased basis rather than
leaving it to the lastminute. This scaffolding aims to promote students’ self-perceived
competence in the audit process, critical analysis and strategy development, as the
perception of competence can significantly motivate engagement (Fazey and Fazey
2001).

Post-activity debriefings link sustainability practice to sustainability theory, good
practice and wider corporate and societal values. This helps embed sustainability
knowledge, promotes softer business skills and encourages the development of both
individual and collective feelings of responsibility that motivate learning for good
practice (Burgess 2006; Ellison andWu 2008), all of which are fundamental require-
ments of BEfS. These debriefings also offer opportunities for reflection on what has
been learned and on the learning activities (incorporated into Living Lab research).
Such reflection can promote peer-to-peer learning and encourage the development
of students’ independence (Savery and Duffy 1995) and transferable employment
skills, such as collaboration, negotiation and influencing, and knowledge such as
enquiry, problem solving and critical analysis (Emblen-Perry and Duckers 2018).

7 The University as Live Sustainability Case Study:
Assignment Context

The module assignment comprises three linked components that require students to
evaluate a large quantity of information, solve problems creatively, work in teams
and communicate clearly; skills that are required of graduates within the business
world (Partnership for 21st Century Skills 2007) and competences for sustainability
literacy. The assignment requires students to complete:

1. A sustainability audit of the university
2. A critical analysis of the audit findings and objective identification of the three

key issues of concern
3. The creation of an evidence-based sustainability strategy to address the key issues

of concern.

Together, these help students to examine and understand the internal and exter-
nal environments of a known business’ sustainability governance, explore strategic
alternatives and make recommendations to enhance corporate performance, all of
which can develop higher order cognitive skills and contribute to the closure of
sustainability skills gaps.

Throughout the module and assessment process students are required to show a
holistic understanding of sustainability and apply it at a business level. During the
in-class activities designed to explore the university’s sustainability procedures, prac-
tices and behaviours in relation to theory and good practice, students are encouraged
to take ownership of the processes required to research and develop their strate-
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gies. Savery and Duffy (1995) suggest this is a valuable learning opportunity as it
encourages students to recognise the knowledge they need to complete the task.

The audit, as the first component of the assignment, engages students in a real
world business process and documentation as the audit process and template are
adapted from ISO14001documentation used by the author as an auditor. This requires
students to collect information, evaluate and synthesise it to develop credible judge-
ments of the university’s sustainability performance; the assignment is not down-
loadable from the internet. As the assignment has no right or wrong answers, this
approach may also promote higher order cognitive skills and engagement in learning
for generative sustainability.

To undertake their audit, students collect and evaluate evidence of sustainabil-
ity processes, practices and initiatives from ‘site audits’ (campus inspections in
which students are encouraged to take photos as evidence of (un)sustainable cam-
pus behaviours), critical evaluations of documentation published on the university’s
sustainability web pages and from audit meetings with internal and external sustain-
ability practitioners. From this, students can discover examples of (un)sustainable
performance and good practice which can be fed forward to provide audit findings.
These are captured in the audit template provided.

To support students in the audit process, including the site audit, the author pro-
vides formal and informal audit training to engage students in audit skills of question-
ing, listening and looking to support and develop their confidence in the assignment
and develop higher order cognitive and employment skills. The author suggests stu-
dents undertake their campus audit in groups and share findings to use their resource
efficiently (a key feature of sustainable businesses), promote a comfortable learn-
ing environment and gain experience of group work and peer-to-peer learning. This
also allows the students to practice their softer employment skills of collaboration,
negotiating and influencing.

To complete the audit template, students use their audit findings to rate a number
of sustainability performance criteria and provide evidence-based justifications for
each rating. Each criterion is given an evidence-based rating from 0 to 5; 0 being
no evidence found, 1 being evidence found of poor performance, 5 being evidence
found of excellent performance. The template includes the following criteria: Sus-
tainability Policy, Human Resources for Sustainability, Auditing and Management
Systems, Ethical Investment, Carbon Management and Reduction, Workers’ Rights,
Sustainable Food, Staff and Student Engagement, Sustainability Impacts, Energy
Use and Sources and Waste and Recycling. As the Sustainability Director reviews
some assignments, students’ findings can also contribute to campus improvements.

To develop further engagement with the university as a live sustainability case
study, students hold audit meetings with members of the university’s operational
departments with responsibility for sustainable practices during taught sessions.
These sessions with the Sustainability Director, Energy Manager and representa-
tives from Procurement, Catering and Campus Operations provide opportunities for
students to practice the audit skills of questioning and listening, check their audit
findings with those responsible for processes and ask for more information to sup-
port their audit. This replicates the audit meetings held during an external real-world
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sustainability audit (e.g. for ISO14001 certification) and gives students further oppor-
tunities to practice communication skills. Audit meetings also provide time and space
to reflect on their sustainability knowledge, competences and values that are vital to
develop students’ sustainability literacy, which can in turn achieve the expectations’
of key actors within EfS.

For the second component of the assignment, students critically analyse their
audit findings and discuss them in relation to expert opinion in order to evaluate the
university’s overall sustainability performance. Using this discussion and their audit
findings, students select three key issues (positive or negative) that could be improved
or enhanced. As this can be a subjective opinion, they are encouraged to utilise a
decision matrix to objectively select the key issues and then discuss them in relation
to academic literature to support their choices in order to promote systems thinking.
These key issues are then carried forward into the third component of the assignment
in which evidence-based strategic interventions to address them are proposed.

Together these three components provide a developmental assignment which
utilises the assessment ‘as learning’ rather than ‘of learning’ to promote double
loop learning, which Argyris (1982), Beckett and Murray (2000) suggest is a key
contributor to sustainable futures as it allows students to detect issues and create
interventions that prevent problems in the future. This technique to reduce sustain-
ability risk promotes sustainability knowledge, competences and values and higher
order cognitive skills that are required to promote sustainability literacy and close
sustainability skills gaps.

Incorporating a sustainability audit of the university as the module assignment
and focus of in-class activities provides an authentic task in a challenging but sup-
portive learning environment, which Savery and Duffy (1995) suggest is required
for learners to accept the learning relevance. The challenging task and supportive
LTA environment offer an innovative pedagogy that Hardin et al. (2016) suggests
will engage future decision makers in systematic thinking to craft cost effective solu-
tions. These may contribute to the core competences of sustainability literacy and
support the development of higher order cognitive skills that Sadler (2016) argues
are missing in many current graduates. The module is therefore designed to close
graduates’ sustainability and employment skills gaps.

8 Design of the Research Study

Two mixed method questionnaires exploring students’ perceptions of their knowl-
edge and competences related to sustainability, employment skills and information
management were distributed to 29 second year undergraduate students taking Busi-
ness Sustainability at Level 5 inSemester 2, 2017−2018.Thesewere completed in the
first and last lectures of the 12-lecture module to establish the development of skills
recognised by the students. The surveys utilised the core sustainability competences
identified by Wiek et al. (2011) and employers’ expectations of skills possessed by
employment ready graduates (Lowden et al. 2011). These were classified in the sur-
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veys, and reported in the research findings, as sustainability knowledge, employment
skills, life and career skills and information, media and ICT literacy.

The first of the two surveys (Phase 1) was distributed in session 1; the second
survey (Phase 2) was undertaken 3 months later in the last taught session to capture
students’ perceived development of knowledge and competences during the module.
These surveys were undertaken at these points to obtain a pre and post module
comparison of self-reported skills, whichwere used to explore the potential value this
innovative LTA approach offers for closing sustainability and higher order cognitive
skills gaps. As students’ responses were anonymous no absolute comparisons can
be offered, rather the findings reported indicate the impacts and outcomes of using
the university as a live case study within the Business Sustainability module.

The surveys requested both quantitative and qualitative responses. Quantitative
questions asked students to evaluate their sustainability knowledge and competences
against a four-point rating scale: No Knowledge, A Little Knowledge, Some Knowl-
edge or Very Good Knowledge. Each of the two surveys was short (seven questions)
and simple to complete (selection of a position on the rating scale and associated
commentary) to make it as accessible as possible to all students. As advocated by
Moors (2008), four rating options were utilised to avoid participants merely adopting
a central, potentially neutral rating.

Qualitative extensions to the quantitative questions in Phase 1 and 2 surveys asked
students to reflect on their level of sustainability knowledge and business skills. Phase
2 surveys also explored their experience of conducting an audit and participating in
the module’s in-class activities linked to the live case study and development of
sustainability knowledge and competences during the module.

Survey responses were collated, synthesised into a segmentation of key themes
through an inventory of points expressed in the survey responses following the
approach recommended by Bertrand et al. (1992) and analysed anonymously to
encourage voluntary participation and maintain appropriate levels of confidential-
ity. Initially, research findings are presented as general, self-reported actions and
experiences, using students’ feedback to illustrate the outcomes of the study.

Following this, a bespoke framework utilising the five core competences of sus-
tainability literacy based on the expected competences of sustainability professionals
identified by Wiek et al. (2011) establishes the potential value of using the univer-
sity as a live sustainability case study to enhance students’ sustainability knowledge,
competences and values and employment skills. These criteria represent the neces-
sary outcomes for sustainability literacy and the required communication skills that
underpin them. Students’ reflections mapped against the framework’s competences
criteria evaluate the success of this innovative approach to LTA, which in turn may
contribute to the closure of sustainability skills gaps.

The author recognises this study presents the self-reported results of a one-time,
small study that does not offer generalised, independently validated responses. How-
ever, the findings may be of interest to educators considering the adoption of live
case studies and those seeking new LTA means and methods for EfS.
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9 Research Findings

Students’ knowledge and competences have increased over the course of the module
in all four areas of sustainability and employment skills assessed through this study.
These four areas are sustainability knowledge, graduate employment skills, life and
career skills and information, media and ICT literacy.

The area of largest knowledge and competence progression involves sustainability
knowledge. As shown in Fig. 1, all dimensions of sustainability knowledge demon-
strate significant progression.

Alongside the development of sustainability knowledge, theBusiness Sustainabil-
itymodule appears to have contributed to the development of employment readygrad-
uates (Figs. 2 and 3). The research findings suggest students believe they markedly
developed their softer employment skills through participating in an exploration of
sustainability using the university as a live case study (Fig. 2). These skills also rep-
resent higher order cognitive skills that are lacking in many graduates; consequently,
this LTA approach may promote higher order cognitive skills as well as contributing
to the closure of employment skills gaps, both of these positive outcomes promote
future career success.

Whilst life and career skills appear to have developed during the module, the
students perceive they have developed less than graduate employment skills (Fig. 2).

Fig. 1 Development of sustainability knowledge (self-reported)

Fig. 2 Development of graduate employment skills (self-reported)
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Fig. 3 Development of life and career skills (self-reported)

Fig. 4 Development of information, media and ICT literacy

This may be due to participants’ perceptions that they already possessed a good
level of skills at the start of the module. However, using the university as a live case
study appears to have further developed flexibility and adaptability, and accountabil-
ity, which are particularly valuable for future sustainability literacy and academic
success.

Figure 4 suggests that as well as promoting softer employment skills and higher
order cognitive skills, using the university as a live case study can develop research
and information management skills. The significant growth in students’ media lit-
eracy may reflect the independent research undertaken for their assignment. It is a
valuable skill development as it encourages the filtering of information to recognise
what is valuable and what can be left behind. This will be of use to the Level 5
students in their future academic career and workplace.

The development of sustainability knowledge, employment skills and information
and media literacy reported by the research participants suggests the innovative LTA
approach used within the Business Sustainability module is able to contribute to the
closure of sustainability skills gaps.



Closing Graduates’ Sustainability Skills Gaps … 285

10 Effectiveness of Using the University as a Live Case
Study in Closing Skills Gaps

Mapping students’ qualitative reflections of participating in the Business Sustain-
ability module against the five core competences of sustainability literacy (Fig. 5)
suggests this innovative approach to LTA, which uses the university as a live sus-
tainability case study, is able to develop business management students’ core com-
petences of sustainability literacy.

Whilst all competences on the Core Competences of Sustainability Literacy
Framework (Fig. 5) appear enhanced by the outcomes of the LTA approach explored
in this study, systems thinking, strategic and interpersonal competences appear most
widely reflected upon. This suggests using the university as a live sustainability case
study can promote both the sustainability literacy required to contribute to the clo-
sure of sustainability skills gaps and the career and life skills required to promote
sustainable futures and develop sustainability advocacy. In addition, the reflections
of students mapped onto the framework suggest students obtained successful and
memorable learning outcomes that have contributed to the development of higher
order cognitive skills, which in turn can assist the closure of employment skills gaps.

11 Practical Impacts and Implications of Using
the University as a Live Case Study

Overall, the findings of this study suggest designing and implementing a BEfS cur-
riculum with the university as a live case study at its heart can promote sustainability
literacy and the competences students need to be successful sustainability advocates
in their future careers to change businesses from within. This appears to be effective
method for developing students’ sustainability knowledge and competences, which
in turn can contribute to closure of graduates’ sustainability skills gaps identified by
Laurinkari and Tarvainen (2017), Lonzano et al. (2013).

Students’ reflections on the innovative approach adopted for the Level 5 Business
Sustainabilitymodule indicates it can provide the new student-centred, inclusive LTA
approach to EfS advocated by Perello-Marin et al. (2018). Its’ focus on exploring
and solving real world problems through a sustainability audit and evaluation of
findings may drive the learning process in which learners develop responsibility for
their learning as it includes students in the whole learning process (Stauffacher et al.
2006). This appears to promote higher order cognitive skills and engage students in
deeper learning for generative sustainability, which in turn can help prepare students
to respond to environmental, social and ethical dilemmas that they will undoubtedly
meet in their future workplaces.

Applying the Core Competences of Sustainability Literacy Framework to map
students’ reflections against the competences required for sustainability literacy
highlights the value of using the university as a live sustainability case study to
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Core 
Competency

The ability 
to….

Students’ value of Business Sustainability. The module has enabled me 
to….

Systems-
thinking 
competence

…analyse
complex 
systems 

“Question and analyse media literacy material”
“Have the confidence to review with a critical eye aspects and sustainable 
practices” 
“Grow my research skills with various media formats”
“Think about different kinds of sustainability”
“[Have] deeper thinking”
“Learn and develop my skills and apply them to sustainability” 
“Learn the different areas of sustainability such as procurement, 
investment etc.” 

Anticipatory 
competence 

… understand 
future 
(un)sustainable 
scenarios

“Understand how global challenges actually present an impact on an 
organisation” 
“[Develop] knowledge that companies are looking for more people who 
have knowledge about sustainability” 
“Have different perspectives regarding global issues than I had come 
across” 
“[Understand} different initiatives that have been taken by the university 
on various aspects and my own personal research has helped me develop 
my knowledge”

Normative 
competence

…create and 
craft 
sustainability 
visions

“Develop more sustainable thinking and develop ideas on ways we could 
act sustainably”
“Gain valuable knowledge that will enhance my employability”
“Look for both the good and bad and look everywhere for areas of 
sustainability”

Strategic 
competence

..design and 
implement 
interventions

“Think more ethically and come up with better solutions”
“Be aware of what we are doing within our own lives and potential positive 
changes” 
“Learn and develop my skills and apply them to sustainability”
“I have developed a more innovative way of thinking” 
“Learn more about sustainability initiatives that the University is taking 
and I can take part in” 

Interpersonal 
competence

…motivate, 
enable, and 
facilitate 
collaborative 
and 
participatory 
sustainability 
research and 
problem 
solving

“Obtain different insights into sustainability issues through guest 
lecturers” 
“[Learn by] talking a lot about environmental issues and doing group 
work”. 
“Learn a lot from my group and other students” 
“Improve my self-direction due to large size of coursework
“Greatly improve my research skills” 
“Learn through working in groups” 

Fig. 5 Effectiveness of using the university as a live case study assessed through the Core Com-
petences of Sustainability Literacy Framework

develop sustainability skills, competences and values, and employment skills. Stu-
dents recognise that developing a strategic response to the audit outcomes for their
assignment increases their subject knowledge and understanding of strategic think-
ing; categorised by Weik et al. (2011) as Systems Thinking Competence. This may
promote closure of both sustainability and higher cognitive skills gaps identified by
Sadler (2016) and develop both hard and soft, transferable employment skills, which
help to close employment skills gaps (Culpin andScott 2011). The university’s imme-
diate accessibility, realism and relevance may promote students’ recognition of their
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responsibility for learning how to learn as advocated by Elam and Spotts (2004),
which in turn enables learners to recognise the knowledge they need to complete the
assignment; an outcome of LTA advocated by Savery and Duffy (1995). Reflection
on their learning experience may also actively involve students in experiential learn-
ing as they participate in an experience then reflect upon it (Frontczak and Kelley
2000).

The research findings suggest that exploring the university as a live sustainability
case study through an audit and supporting active, collaborative and creative in-
class activities may provide the innovative means and methods required to engage
students with BEfS to deliver positive social and business outcomes for real world
problems as advocated by Molthan-Hill (2014). It may also encourage students to
developnewways of thinking as advocated byUNESCO(2017), and the deeper learn-
ing through personal involvement in the university’s sustainability, as advocated by
McCarthy and McCarthy (2006). The requirement to collect, collate and critically
analyse information may develop Systems Thinking, Anticipatory and Interpersonal
Competences, which are three of the five core competences required for sustain-
ability literacy and, as suggested by Wiek et al. (2011), expected of sustainability
professionals. The active, collaborate learningmethods appliedmay also produce the
new learning culture which Chalkley (2006), Rieckmann (2011) suggest can equip
students with appropriate business sustainability skills and competences. Students’
reflections support this view and suggest this innovative approach to LTA can build
new learning perspectives and values, which Mintzberg (2005), Laurie et al. (2016)
suggest are necessary to foster sustainable societies.

The supportive learning environment engendered in the module is recognised
by students as both participative and reflexive which Rieckmann (2011), Docherty
(2014), Molthan-Hill (2014), UNESCO (2017) consider able to empower students
to transform the way they think and act. Molthan-Hill (2014) suggests such an envi-
ronment can deliver positive societal and organisational outcomes for real world
problems, thus meeting the needs of two of the key actors in EfS; businesses and
educators. In addition, the innovative LTA discussed here appears to meet the learn-
ing needs of the third key actor, students; active, collaborative learning that provides
employment skills. Learning through using the university as a live sustainability case
study also prepares them to make responsible and ethical management decisions that
meet their needs as future business leaders that Stough et al. (2018) recognise as a
key expectation of Business Schools. In turn, this can help deliver society’s demands
for responsible businesses (Adomssent et al. 2014).

Using the university as a live sustainability case study appears to develop career
skills of information, media and ICT literacy and life skills of personal accountability
and adaptability alongside sustainability knowledge and competences. Independent
research required for the sustainability audit assignment and peer-to-peer and tutor-
to-student learning accessed in class may have stimulated this. Such life and career
skills learning will be beneficial for students to feed forward into their Level 6
independent research project and future workplaces.

As this research reflects the findings of a small, self-reported one-time study, it
may have some limitations. The small size (29 students from one module) limits firm
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conclusions being drawn, anonymity of student participants prevents the develop-
ment of individuals’ sustainability literacy being established and as the results rely on
self-reported perception of knowledge and competencies developed, the responses
may incorporate some level of bias. Although the changes presented are attributed to
participation in the BEfS approach adopted for the module, it is recognised that other
academic study and life experiences may have also contributed to the development of
life and career skills and information, media and ICT literacy. Despite this, the study
offers an innovative approach to BEfS and a new methodology for business sustain-
ability LTA. It offers insights to others in the sustainability community developing
experiential approaches to learning and teaching utilising real-world settings in the
safe environment of the classroom. Further studies will address these limitations to
validate the findings of this research.

12 Conclusion

Thefindings of this study suggest using the university as a live case study can promote
students’ competence-oriented approach toBEfS in a realworld, experiential learning
environment that encourages students to engage with, and apply, the key principles
of business sustainability to develop sustainability literacy.

The research findings suggests using the university as a live case study can
engage participants with the key principles of business (un)sustainability and strate-
gic improvement opportunities in a real-world business environment that develops
sustainability knowledge, competences and values and employment skills. Students’
self-reported development of employment and life skills and information and media
literacy alongside sustainability knowledge (Figs. 1, 2, 3 and 4) emphasises the value
themodule’s LTA approach has for closing both sustainability skills and employment
skills gaps.

Students’ reflections on their learning processes and outcomes evaluated through
the Core Competences of Sustainability Literacy Framework suggest the innovative
LTA approach presented in this paper can also promote higher order cognitive skills,
which may further contribute to the closure of employment and sustainability skills
gaps. Students’ have recognised not only the development of sustainability knowl-
edge and competences and employment and life skills but have also reported that
engagement in the module has developed their confidence to analyse media informa-
tion critically; thus this LTA approach may contribute to the closure of the graduates’
higher order cognitive skills gap identified by Sadler (2016).

Collecting, collating and critically analysing information throughout the taught
sessions and as independent study for their sustainability audit assignment appears
to promote deeper learning and encourage sustainable choices, both from business
and personal perspectives thus developing sustainability knowledge, competences
and values to close sustainability skills gaps.

In addition, using the university as a live sustainability case study can immerse
students in the operations and sustainability performance of their place of study and
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engage them in advocacy for environmental responsibility and social justice. This
appears to develop students’ personal sustainability values and responsibility for their
own learning and may broaden their horizons and give them a different perspective
of student life. Hopefully, this will empower students to become sustainability advo-
cates within their future workplaces and responsible for creating sustainable futures.
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Socio-productive Inclusion of Waste
Pickers on Segregated Solid Waste
Collection in Brazilian Universities
as an Instrument for Sustainability
Promotion
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Abstract In Brazil, recyclable waste pickers play a fundamental role in recycling.
Despite their importance, the environmental contribution of such work for society is
not well recognized by different stakeholders. Waste pickers are often excluded from
many segregated solid waste collection systems, they are socially marginalized, and
work in precarious conditions. In this context, Brazilian universities face a challenge
when it comes to the management of large amounts of recyclable solid waste gen-
erated in their campuses. As universities are committed to promoting sustainability,
they play a central role in fomenting recyclablewastemanagement and environmental
conservation. In that context, waste pickers social and productive inclusion presents
an opportunity to promote sustainable development in the academic environment.
Additionally, Brazilian federal universities are obliged by law to destine their recy-
clable material to waste pickers. Considering that, the Brazilian Federal University
of Santa Catarina (UFSC) experience on implementation of segregated solid waste
collection with socio-productive inclusion of waste pickers is presented in this arti-
cle. In order to achieve a recyclable waste management model, UFSC was used as a
living laboratory. It is hoped that the UFSC experience can inspire other universities
and disseminate sustainable development practices related to waste management and
the inclusion of waste pickers as key players of such system.
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1 Introduction

Studies developed by theUnited Nations and theWorld Bank estimate that 1.4 billion
tons per year of municipal solid waste is generated in the world, and by 2025 it could
reach 2.2 billion tons per year (UNEP 2015). Solid waste management is on the
UN post-2015 agenda, which has a series of goals to drive global actions for the
next 12 years. An objective from the Global Agenda for Sustainable Development
is to ensure sustainable production and consumption patterns, with the following
target “By2030, substantially reducewaste generation throughprevention, reduction,
recycling and reuse” (United Nations 2015).

Studies by the United Nations Environment Program and the International Solid
Waste Association indicate that high-income countries have increased their recycling
rates steadily over the last 30 years, driven largely by legislative measures and eco-
nomic instruments. On the other hand, in countries with low per capita income, the
recycling sector is predominantly informal and generally reaches recycling rates of
20–30% for municipal solid urban (UNEP 2015).

In Brazil the recovery of recyclable waste is still far below its potential. The
importance of waste pickers in recycling, a process that promotes environmental
conservation, is evident. Whereas, they are often neglected by society and the Gov-
ernment, even though legislations regarding their social and economic rescue have
already been approved.

The social and economic inclusion of waste pickers in segregated solid waste
collection systems and their recognition as essential agents of the waste management
system are necessary to improve their quality of life andwork andBrazilian recycling
index. Therefore, the inclusion of waste pickers converges to a greater challenge of
reaching sustainability, considering environmental, economic and social aspects.

Education assumes an important role in the search for new paradigms for human
development. Universities present firm goals when it comes to the promotion of
sustainability, playing a key role in the dissemination of knowledge and awareness
when it comes to environmental issues. In addition, universities face a great challenge
of managing their large generation of recyclable solid waste. Such situation and
the presence of waste pickers, specially in developing countries, present a learning
opportunity for universities, as their recyclable solid waste management with the
inclusion of waste pickers can be an instrument for achieving sustainability.

Despite of that, there is a gap of knowledge in how to achieve waste pickers
inclusion at universities waste management systems due to the lack of experiences
of universities hiring waste pickers organizations. The question that the study aims
to answer is “How universities, intending to promote sustainability, should address
waste pickers participation on their recyclable waste management?”.

In this context, the Federal University of Santa Catarina (UFSC) is making efforts
for implementing its recyclable solid waste management considering the promotion
of waste pickers social and economic inclusion.

As respects to the methodology, in order to understand the problematic that
involves the socio-productive inclusion of waste pickers in Brazil, it was used
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bibliographical research, as well as documentary research, consulting pertinent
Brazilian legislations. For the purpose of developing better understand of the topic it
was used a field research, by observing the recyclable waste system implementation
at the UFSC environment throughout the year 2017. Additionally, it was used partic-
ipatory action research as the researchers worked on the planning and implantation
of the waste management system at the University in 2017.

2 Recyclable Waste Management in Brazil

Solid waste management is a worldwide challenge. In developing countries, it is a
challenge mainly because of waste generation increase, its high costs management,
and lack of knowledge about all factors that affect the different stages of waste
management system and their necessary linkages (Guerrero et al. 2013). In Brazil,
the Municipal Solid Waste Generation Index is higher than the Population Growth
Index because of the patterns of consumption, and the increasing population on large
urban centers (Alfaia et al. 2017).

Ezeah et al. (2013) suggest that in cities in developing countries only 30–70%
of municipal solid waste generated is formally collected. Such situation fosters the
informal sector of recycling, since waste pickers perceive waste as a resource for
income generation (Ezeah et al. 2013). There are also waste pickers who are formally
organized in associations or cooperatives.

When compared to other regions of the world, organization of waste pickers in
Latin America is the most advanced. They are often organized into worker coop-
eratives or associations, which have combine into national movements in some
Latin American countries (Ezeah et al. 2013). In 2002 the Brazilian national move-
ment of waste pickers was founded, composed by organized and autonomous waste
pickers (Besen et al. 2014). It is one of the largest and best established national
movements of waste pickers, which strives for collective recognition, legitimization,
self-empowerment and social inclusion, aiming to build a better and more dignified
working life for waste pickers (Ezeah et al. 2013).

Brazil has already officially recognized waste picking in the Brazilian classifica-
tion of occupations. In 2010 the National Policy on Solid Waste was promulgated
with goals to bring social inclusion of waste pickers and increase of their coopera-
tives and associations (Alfaia et al. 2017). It was estimated in 2008 the presence of
around 230,000 waste pickers (Alfaia et al. 2017).

According to the Brazilian National Sanitation Information System, in Brazil only
33.1% municipalities present data about their amount of recyclable waste, which
represents a total of 1,562,696.4 tons of segregated solid waste collected, corre-
sponding to 3.05% of the municipal solid waste (SNIS 2017). In Brazil segregated
solid waste collection has not become a reality yet in most municipalities (Alfaia
et al. 2017). It is estimated that only 13% from the total of solid waste generated
in Brazil is sent to recycling (IPEA 2017). The national data do not represent the
absolute numbers of recycled waste in the country. It is difficult to measure the chain
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of post-consumer waste recycling, mainly due to the high level of informality in the
market, the lack of consistent reliable data, and the diversity of actors involved, such
as collectors, wholesalers of recyclable materials, recycling industries, prefectures,
collection companies, among others (CEMPRE 2013).

Recycling solid waste follows a complex system. In developing countries the
combination of governance gaps, economic opportunities, industrial symbiosis, and
social inequality realities turn the informal sector into the key factor of the recycling
system. Additionally, waste pickers activity bring a series of benefits to society. It
subsidizes large areas of the formal sector, and promotes litter control and environ-
mental conservation (Ezeah et al. 2013). Even though, the informal recycling sector
often survives in very hostile social and physical environments, largely due to the
negligence from government and the public sector (Ezeah et al. 2013).

According to Fergutz et al. (2011), there is a perverse relationship between waste
pickers, wholesalers of recyclable materials, and industries. Wholesalers reinforce
the relationship of dependence of the waste pickers to them by paying little when
buying their sorted recyclable waste (Fergutz et al. 2011).

However, in spite of significant advances, waste pickers organizations still have
high dependence on favorable public policies in all spheres of government to leave
their current marginalized situation (Besen et al. 2014).

Waste pickers are essential to Brazilian recycling system, however they are not
recognized as environmental agents. They are marginalized, working and living in
extreme risk situations, at the same time as they drive the segregated collection
system in Brazil, often neglected by society and the Government. For the social and
economic rescue of this population there are Brazilian normative instruments, which
are presented in the following section.

3 Waste Pickers Socio-productive Inclusion

Scheinberg (2012) points that despite subsidizing formal segregated solid waste
collection, waste pickers work is a positive externality, benefitting local authorities,
who do not have to pay for these services. Even though, the work of waste pickers
is still not recognized.

Rather than being stigmatized and marginalizes, the informal recycling sector
needs to be recognized as an important element for the achievement of sustainable
waste management in developing countries. A solution for such problem is the inte-
gration of the informal recycling sector into the formal waste management system.
That would provide employment, protect the livelihoods of some of the most dis-
enfranchised sections of society, provide a supply of secondary raw materials, and
enhance environmental protection (Ezeah et al. 2013).

However, this integration is challenging due to the lack of structure, financial
backing and adequate facilities of waste pickers organizations. To address that
a supportive policy framework can be introduced covering legal representation,
political and social conflict resolution, health care, capacity building, knowledge
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enhancement, living and working conditions, basic facilities and technical support.
That would empower waste pickers enabling them to compete and negotiate with
private sector players (Ezeah et al. 2013).

In Brazil, the Brazilian National SolidWaste Policy, the Federal Law 12.305 from
2010, has guidelines that enable the achievement of sustainable development through
the combination of environmental conservation, social and economic aspects (Brasil
2010). Such goals become legally feasible due to the fact that such Policy address
not only environmental preservation on waste management, but also the reduction
of social inequalities through the socio-economic emancipation of waste pickers.

According to the Brazilian National Solid Waste Policy, municipalities must pri-
oritize organizations of waste pickers when transferring their recyclable waste man-
agement by contracting them. For public agencies, there are specific legal provisions
ensuring exemption from bidding when contracting them (Brasil 2010).

The Brazilian segregated solid waste collection system model, which considers
waste pickers inclusion, has been in force for the last two decades, though it cannot be
viewed as consolidated (Besen and Fracalanza 2016). The Brazilian National Survey
of Basic Sanitation presented that only 11.7% of the municipalities implemented the
segregated solid waste collection with any kind of participation of waste pickers in
2008 (IBGE 2010). Most of this municipalities present an assistentialist approach,
as they still refuse to hire waste pickers organizations formally as sanitation services
providers, choosing to donate the municipal recyclable solid waste collect to such
associations, so that it can be handled properly. It is unusual waste pickers organi-
zations remuneration either by local authorities or by the private sector for reverse
logistics services (Besen and Fracalanza 2016). Solid waste management formalized
through hiring waste pickers is more efficient, Londrina’s program is an example of
such, showing great prominence in the recovery efficiency of recyclable waste and in
the low cost of segregated solid waste collection when compared to others Brazilian
municipalities segregated solid waste collection programs (Schneider et al. 2013).

Besen and Fracalanza (2016) systematized the difficulties Brazilian municipali-
ties and waste pickers organizations face in providing segregated waste collection
services with fair remuneration as: “(i) the prevalence of informal relations between
local authorities and waste pickers’ organizations; (ii) the absence of fees charged
by local authorities to citizens for services; (iii) the lack of remuneration for waste
pickers organizations’ services; and (iv) the absence of municipal charges for reverse
logistics services, via selective waste collection, to manufacturers and importers of
products and packaging”.

As for Brazilian Federal Universities, the Federal Decree 5.940 from 2006 deter-
mines that federal institutions must implement segregated solid waste collection
destining the recyclable material to waste pickers organizations (Brasil 2006). The
Decree does not discuss about hiring waste pickers, this aspect was brought only in
2010 with the National Waste Solid Policy, therefore, it is inferred that the Decree is
outdated on this aspect. In Brazil just the Federal University of Uberlandia is hiring
waste pickers and Federal University of Santa Catarina is heading for this.

Brazil is provided with legislations for waste pickers inclusion. One of them is
prioritizing to contract waste pickers entities for providing segregated collection
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services. By means of these regulations, it is expected that waste pickers receive
payment for their service to society, as well as they would have access to social
benefits, improving their quality of life andwork conditions.However, these practices
are not common in municipalities and are even less common in institutions such as
universities.

Recognition of waste pickers as service provider by recyclable waste manager
promotes decent work, social inclusion and environmental conservation, a genuine
path to sustainable development. Thus, socio-productive inclusion of waste pickers
is an instrument for sustainable management at Universities in developing countries.
Hiring and remuneration for the service demonstrates recognition that waste pickers
are providing a sanitation service to the University. In addition, this model is a more
efficient and effective alternative in Brazil on recovering recyclable materials, and
also financially lower cost.

4 Sustainability in Universities

Worldwide, campus sustainability has become an issue of concern for university
policy makers and planners as result of their environmental impacts. Addition-
ally, universities have been under pressure from government agencies, sustainability
movements, university stakeholders, students and NGOs to promote sustainability
(Alshuwaikhat and Abubakar 2008).

Universities have a moral and ethical obligation to act responsibly regarding the
environment and its inhabitants (Zhang et al. 2011). The Stockholm Declaration of
1972 was the first commitment to sustainability signed by Universities, recognizing
the interdependency between humanity and the environment and suggesting several
ways to achieve environmental sustainability (Alshuwaikhat and Abubakar 2008).
Furthermore, several notable declarations have highlighted the importance of Uni-
versities in promoting sustainable development including the Talloires Declaration
(1990), the Halifax Declaration (1991), the Swansea Declaration (1993), the Kyoto
Declaration (1993), the Copernicus Charter (1993), Students for a Sustainable Future
(1995), (IISD 2002) and (Adeniran et al. 2017). Recently, UNESCO (2005) declared
that 2005–2014 was the decade of Education for Sustainable Development (Zhang
et al. 2011). In Brazil, federal Universities are encouraged to practice sustainability
through the participation of several government programs, which waste management
is one of the instruments of these programs.

According to Velazquez et al. (2005), a sustainable University addresses, involves
and promotes the minimization of negative environmental, economic, societal, and
health effects generated in the use of their resources in order to fulfil its functions.
Sustainable University activities imply to be ecologically, socially and economically
viable in present and future generations (Zhang et al. 2011). Therefore, sustainable
waste management of Universities must consider all these aspects. Moreover, a sus-
tainable University helps society in the transition to sustainable lifestyles (Velazquez
et al. 2005).
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Universities are of fundamental importance to create and spread knowledge
through teaching, research and extension activities. Thus, they have substantial poten-
tial to catalyze and accelerate societal transitions towards sustainability, they are
agents of change (Tangwanichapong et al. 2017). They are responsible for academ-
ically and ethically form the new leaders of society (Tangwanichapong et al. 2017).
Therefore, Universities should not only reduce their negative environmental impacts,
but also educate and be a model of sustainable practices promotion. They are often
provided with expertise which could be used to develop new solutions to address
sustainable development. Finally, they can influence society by enhancing outreach,
engagement and collaboration (Zhang et al. 2011).

Universities could often be treated as small municipalities, because of their large
campuses, big population, and distinct activities (Alshuwaikhat et Abubakar 2008).
Worldwide, Universities have grown considerably. As well as, their physical infras-
tructure and services on campuses. In this manner, Universities require proper ser-
vices and infrastructures as small municipalities, such as waste management. One
of the greatest challenges for Universities environmental management is their inte-
grated waste management system, as Universities overall production of waste has
increased along with their expansion (Zhang et al. 2011).

According to Alshuwaikhat and Abubakar (2008), environmental issues are
becoming more complex, multidimensional and interconnected. Therefore, envi-
ronmental sustainability requires an integrated and systematic approach to decisions
making, investments and management. Thus, this approach should be used for Uni-
versities sustainable waste management.

Universities have an important role in promoting sustainability by training profes-
sionals and thinkers, and by serving as a model for society. It is noted an institutional
commitment to promote sustainability by Universities. Solid waste management and
segregated solid waste collection presents itself as a tool for reaching higher sustain-
able development levels. Additionally, universities generatemassive amounts of solid
waste and have responsibility for their management, which must be in accordance
with existing regulations. In particular, Brazilian Federal Universities are obliged to
send their recyclable material to waste pickers, who then are responsible for the fol-
lowing processes related to the informal recycling sector. Most universities that work
with waste pickers do it as a form of social assistance policy, but do not recognize
them as sanitation service providers.

5 Federal University of Santa Catarina Recyclable Waste
Management Experience

The Federal University of Santa Catarina (UFSC) is located in Florianópolis, the
capital of Santa Catarina State, in the south of Brazil. In Florianópolis there is a
segregated solid waste collection of recyclable waste, which sends the recyclable
waste to be sorted by waste pickers associations. However, the municipality does
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not hire the waste pickers for the sorting service (FLORIANÓPOLIS 2016). There-
fore, in Florianópolis formal waste pickers organizations are not recognized for their
sanitation and environmental service provided for the municipality.

The UFSC community is composed by 70,000 people. Until 2014, the university
did not have any manager responsible for the University waste management. Cur-
rently, the Environmental Management Coordination (CGA), which is provided with
environmental engineers, is responsible for waste management at the University. In
2014, the University began to diagnose its solid waste situation in order to design a
plan to its solid waste management system. The plan is already in implementation
and should be published in 2018.

At UFSC it is generated approximately 140 tons of solid waste per month, and
about 40% of this total is composed of recyclable solid waste. Until 2017, the uni-
versity did not have a segregated solid waste collection system.

For implementing the segregated solid waste collection system, a strategic man-
agement planning focused especially in recyclable waste needed to be carried out.
During 2016 a commission was formed to sustain this planning bringing greater
social participation, as it is composed by a multidisciplinary team, represented by
students, technical staff and teachers. In this manner, peculiarities and multifaceted
approaches could be covered in the actions planned for the segregated solid waste
collection implementation. During the planning process it was considered the experi-
ences of other Brazilian universities on segregated solid waste collection for gaining
economyof experience and identifying goodpractices andpossible challenges.Waste
pickers from the national movement of waste pickers participated at the moment of
planning discussing about their inclusion on the waste management of the Univer-
sity. Also, the commission visited the waste pickers associations in Florianópolis to
understand their existing structure, which is precarious.

The recyclable waste plan was shaped based on the following aspects: institu-
tional, legal, cultural and infrastructure. Its objectives are: (a) to design, standardize,
operationalize and institutionalize segregated solid waste collection at UFSC; (b) to
formalize waste picker work recognizing them as sanitation service providers; (c) to
implement a permanent environmental educational program; and (d) to monitor the
progress of segregated solid waste collection at UFSC.

Considering Brazilian universities experiences, the Brazilian legislation, and
UFSC institutional commitment on sustainable development. Segregated solid waste
collection was planned for contracting waste pickers organizations to collect, trans-
port and sort the recyclable waste of the institution. Practicing an inclusion measure
by recognizing the sanitation service provided by waste pickers, as well as ensuring
the continuity and prosperity of this sanitation service. Thus, it is in accordance with
the Brazilian National Solid Waste Policy goals, in contracts with major Brazilian
institutions that just does a welfare action through donating their recyclable waste
to waste pickers to sort it. Additionally, hiring and fair remunerating are necessary
for the high quality services provision. In this way, the UFSC segregated solid waste
collection is based on sustainability precepts, taking into account aspects of cultural
diversity, environmental suitability, economic viability and social justice.
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UFSC segregated solid waste collection was inaugurated as a pilot system on
7th June 2017, at the UFSC Environment Week. The university is still in process of
formalizing the waste pickers work. The pilot system is providing information for
establishing the obligations of the institution and the waste pickers for the future con-
tract, as UFSC lacks relevant information for this, because the university has never
before experienced a segregated solid waste collection system. Since its implemen-
tation it has been collected 30 tons of recyclable waste.

For segregated solid waste collection implementation it was necessary to define
the logistics system and the minimum equipment and services required. It was also
necessary to implement communication actions for the academic community com-
mitment to the program.

UFSC’s recyclable material in greater quantity and better quality comes from
the university’s internal environments. Therefore, initially segregated solid waste
collection covers just these environments. The waste bins have two compartments:
one for recyclable waste and the other for refuse waste. They are strategic disposed
in the campus and work as a voluntary delivery point, where academic community
discard their recyclable waste. The recyclable waste is collected by UFSC’s cleaning
teams, who transport them to final storage sites. From the storage sites, waste pickers
from Santa Catarina Federation of Waste Pickers collect the recyclable waste and
deliver it to their waste sorting sheds.

The Santa Catarina Federation of Waste Pickers is an entity, linked to the national
movement ofwaste pickers, that aggregatewaste pickers organizations of SantaCata-
rina State to strengthen the relations between such institutions and the government
organizations. At each collection, the material is sent to a different association to
be sorted for posterior recycling. The associations sell the sorted material firstly to
wholesalers of recyclable material, who commercialize it with the industries.

During attendances of the collections it was possible to notice a series of inadequa-
cies of the pilot service system. It is needed improvements to ensure a healthier and
more efficient system. Segregation at the source should improve, not only by users,
but also by the UFSC cleaning employees. Final storages should be more adequate.
Most of waste pickers do not use personal protection equipment and apparently do
not have knowledge on occupational and health risks.

The contracting should be carried out as soon as possible, as some problems are
already observed at the segregated solid waste collection system due to the lack of
service formalization between the University and waste pickers organization. It is
also noted that the formalization delay has discouraged waste pickers to maintain the
service.

By implementing such contract, UFSC could require the service provision in
accordance to its needs. Usually hiring waste pickers have been carried out only
by municipalities. Therefore, there are not many examples and experiences to be
followed. Universities represent only a portion of the recyclable material sent to
the waste picker sort sheds, thus universities have just a part of the responsibility to
promote their inclusion. In addition, contracting processes by federal administrations,
such as UFSC, are extremely bureaucratic.
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6 Conclusion

Given the context of social and economic marginalization of waste pickers in Brazil
and the existence of regulations for reversing such situation, it becomes clear that it is
necessary to promote solid waste management, along with waste pickers inclusion.
Such practices are not yet adopted by public organizations in Brazil, which if fully
adopted, would promote social and economic benefits, in addition to fostering the
dissemination of good practices in the Brazilian society. On the other hand, some
municipalities have already adopted waste management initiatives, although they
still lack better instruments to be truly inclusive, efficient and effective.

Universities have high generation of recyclable waste, play an important role as
source of knowledge and education, and have ethical commitment to sustainable
development and the correct management of their recyclable waste. In Brazil, waste
management practices are regulated by and must be operated in accordance with
the National Solid Waste Policy, which encourages the inclusion of waste pickers.
Additionally, Federal Universities must send their recyclable waste to waste pickers,
as determines the Federal Decree No. 5,940 from 2006.

Therefore, this study proposes instruments for the socio-productive inclusion of
waste pickers in Brazilian Universities, referring to UFSC’s case. UFSC is currently
implementing its segregated solid waste collection with waste pickers inclusion by
formalizing their work through their hiring and remuneration. The University rec-
ognizes them as providers of sanitation services. It is hoped that this can serve as
an example for other Brazilian Universities that seek implement sustainable prac-
tices. Additionally, the suggested instrument will also lead to greater efficiency and
effectiveness of waste management inside and outside of the institutions.

It is hoped that the use of the instrument proposed will lead to environmental,
social and economic benefits for waste management and, consequently, for the san-
itation scenario in Brazil. Finally, the instruments of socio-productive inclusion of
waste pickers in universities could also be used by public agencies, municipalities
and private sector in Brazil, along with organizations of other developing countries
where waste pickers face similar problems, adding up to the promotion of sustainable
development through a better and more inclusive waste management system.

7 Future Prospects

Waste pickers socio-productive inclusion materializes through their access to eco-
nomic and social rights. Due to their current marginalization, only the recognition
of their service provided just by contract is not enough to guarantee their inclu-
sion. A series of complementary measures is vital to aid their financial and social
emancipation.

In addition to the contract, it is proposed to perform a future pricing study for
valuating waste pickers remuneration as a manner to guarantee the continuity of
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the service, as since waste pickers commonly do not know the valuation of their
services. Another study proposed is to create sustainability indicators for segregated
solid waste collection in universities considering waste pickers inclusion. These
indicators would help the planning and decision making processes in universities
when it comes to solid waste management improvement.

Finally, it is proposed the study of complementary actions that could lead to the
socio-productive inclusion of the waste pickers by valorizing what universities has
to offer, as: extension projects, scientific initiation projects, incubators, disciplines,
policies of the institution and agreements with the municipalities.
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Abstract Social and sustainability reporting in universities and research institutes
is still in its early stages compared to CSR reporting in corporations. Nevertheless, a
growing number of institutions of higher education seekways to integrate sustainabil-
ity into their internal processes. The Economy for the Common Good (ECG) balance
sheet provides a framework to measure an organizations’ contribution to the com-
mon good, focussing on dignity, solidarity, sustainability, justice and democracy.
This paper presents case studies of the experiences of the International Graduate
Center at City University of Applied Sciences Bremen (IGC) and the Institute for
Advanced Sustainability Studies (IASS) in Potsdam with adapting the ECG frame-
work for strategic management and as an orientation for teaching. It will discuss the
challenges in the development of an ECG-based social and sustainability reporting
framework, particularly regarding the adaption of the ECG balance sheet which has
been originally designed for corporations. Furthermore, the paper will put the ECG
framework in relation to other evaluation methods, and outline the impact it has
had on major stakeholder groups like students, faculty, staff, and the way in which
organisational change has occurred and led to improved accountability and changes
in sustainability performance in an academic setting.
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1 Introduction

Values have always played a fundamental role in research and teaching. However,
while there have been broad discussions in the corporate sector of how companies can
operate in a sustainable and responsible way, universities and research institutions
have been rather slow in developing processes which help them to follow their ideals.
In this article, we will look at two academic institutions which have embarked on this
journey: The research-focused Institute for Advanced Sustainability Studies (IASS)
in Potsdam and the research- and teaching focused International Graduate Center
at City University of Applied Sciences Bremen (IGC). Both have implemented the
Economy for the Common Good (ECG) balance sheet (Felber 2010) as a means of
social and sustainability reporting. Both institutions have taken efforts for sustain-
ability reports for a long time, but have only turned to the Economy for the Common
Good within the last years. We closely examine their implementation processes and
reflect upon how organizational change towards sustainability can be organized in
higher education and research institutions, which, among other issues, have a distinct
network of stakeholders and are characterized by flat hierarchies. We will thereby
compare ECG to other sustainability-oriented management approaches for similar
institutions andwill show that the ECGbalance sheet is especially suitable for Higher
Education Institutions (HEI) as it fits its distinct structures and philosophies. We will
show that different to many other approaches which mainly focus on environmental
sustainability and put high emphasis on assessments and the development of indi-
cators of sustainability, the ECG has a much broader and more holistic perspective
and builds on active participation of all stakeholder groups. By this, the ECG has the
potential to trigger a paradigm shift and a change in HEI culture. To the best of our
knowledge, this is the first study comparing the implementation of ECG at different
HEIs and one of few studies which looks at a holistic approach incorporating cul-
tural, social and relational dimensions at HEI level. The article aims to contribute to
a better understanding of these processes and of how a participatory process can be
implemented and assessed.

The article is organized as follows: In the next session, we review the literature on
sustainability reporting inHigher Education Institutions. The third section introduces
the ECGbalance sheet. After that, we analyse the implementation of the ECGbalance
sheet at IASS and IGC. Section five discusses the main lessons learned in both cases
and compares the EGC balance sheet to similar reporting mechanism. Section six
concludes.
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2 Sustainability Reporting in Higher Education Institutions

The leadership role of Higher Education Institutions (HEI)1 towards a more sustain-
able development (SD) of society is increasingly recognized and discussed. This is
reflected, first, by the growth of networks to strengthen the integration of sustainable
development in higher education management, education, research and society, such
as the COPERNICUS Alliance (Europe), AASHE—Association for the Advance-
ment of Sustainability in Higher Education (USA) or ProSPER (Asia-Pacific region).
Secondly, quite a number of studies has recently addressed the need to integrate sus-
tainability issues e.g. climate change, water and energy management, biodiversity,
food security, social inequality, etc., into higher education (e.g. Faham et al. 2017;
Figueiro and Raufflet 2015; Lambrechts et al. 2013; Leal Filho et al. 2017; Lozano
et al. 2013; Richardson and Kachler 2016; Sonetti et al. 2015; Verhulst and Lam-
brechts 2015).

However, only a limited number of HEI have adopted a holistic approach to sus-
tainability so far (Leal Filho et al. 2017). Instead, the focus of HEI has been on
environmental aspects (e.g. Alshuwaikhat and Ismaila 2008), including for exam-
ple innovative management projects reducing ecological footprints, environmental
research, and higher education for sustainable development (Lambrechts et al. 2013).
There is also a considerable gap between theoretical and conceptual considerations
and the practical implementation: The Global University Network for Innovation
(GUNI) has concluded that concrete sustainability activities beyond statements and
documentation are still lacking (GUNI 2014). In other words, there is a growing
number of HEI engaged in SD activities and reporting, but the overall diffusion of
SD into HEI is still in its early stage (e.g. Alonso-Almeida et al. 2015; Kapitulčinová
et al. 2018; Lozano et al. 2013).

Aside from assessing SD activities, the communication of efforts and progress to
stakeholders, as well as the development of analytical instruments are the major rea-
sons for sustainability reporting of HEI (Alonso-Almeida et al. 2015). SD activities
in HEI can be broadly distinguished into four, partially overlapping, groups.

The first group are institutions, which define implementation models and guide-
lines at institution or program levels, e.g. the handbook on “Sustainability Concepts
for Universities” published by the Alliance of Sustainable Universities in Austria
(Allianz Nachhaltige Universitäten in Österreich 2014).

The second group addresses SD by developing and implementing specific pro-
grams or courses. The ambition is usually to create teaching and learning formats that
are inter- and transdisciplinary, participative, and problem-oriented (e.g. Faham et al.
2017; Rieckmann 2012; Wiek et al. 2011). Lambrechts et al. (2013) criticized that
the integration of sustainability into the curricula seldom follows a holistic approach,
but focuses only on partial aspects, which he links to the fact that education is still

1In the literature, the term Higher Education Institutions has been used for a broad range of differ-
ent institutions which are active in research and tertiary education. We use it here as the general
term including institutions such as universities, research institutions, and higher education research
centers.
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being largely centred around the idea of transmitting knowledge rather than provid-
ing students with opportunities to develop their skills, values and attitudes towards
a sustainable behaviour.

A third group focuses on the development and application of assessment tools.
With the aim of processmonitoring and the identification of strength andweaknesses,
HEI use various instruments ranging from standardized measures to institution-
specific instruments developed within the evaluation process of the UNDecade Edu-
cation for Sustainable Development (2005–2014). Today, the most commonly used
reporting systems are the Auditing Instrument for Sustainability in Higher Education
(AISHE), Graphical Assessment of Sustainability in Universities (GASU), Sustain-
ability Tool for Auditing University Curricula in Higher Education (STAUNCH®),
and the STARS system (Sustainability Tracking, Assessment & Rating System),
developed by the Association for the Advancement of Sustainability in Higher Edu-
cation (AASHE). A common feature, but also a weakness of most of these measures
is, that they are self-reporting approaches without an elaborate external auditing.

The last group aims to adopt or combine standards developed for other groups or
purposes, e.g. the most widely adopted standard of the Global Reporting Initiative
(GRI), social responsibility management or environmental performance evaluation
standards, such as ISO 26000, ISO 14031:2013 or ISO 14063:2006, or accreditation
standards, such as AACSB or EQUIS (see for an overview e.g. Alonso-Almeida et al.
2015; Ceulemans et al. 2015). Although there are efforts for most of the mentioned
standards to incorporate the non-corporate sector, many still do not mirror the needs
and peculiarities of the HEI sector, or, as for AACSB and EQUIS, are mainly quality
standards where SD is only one aspect among others.

The authors of this article believe that most approaches are too narrow. With
the focus on economic, social and ecological aspects, most approaches miss out
on essential human values, such as social justice, human dignity, global fairness,
solidarity and democratic participation. Furthermore, they do not actively encourage
the participation of all stakeholders in the reporting process and often lack an external
auditing system.

3 Economy for the Common Good Approach

Unlike the public good, which suggests an antithesis to the personal sphere, the language of
the common good denotes a region where individual and community goods overlap (Wells
2018).

In the 1960s growing concerns about population growth and environmental prob-
lems resulting from rapid industrialization led to a serious discussion of the common
goods. Different to classical economic beliefs, scholars began to argue that pursuing
individual self-interest may eventually lead to over-use of resources and diminish-
ing returns (Hardin 1968). A number of declarations have since then addressed the
need for more participation from civil society on both domestic and global levels,
as well as the importance of the contribution of education as a collective societal
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endeavour (Locatelli 2018). A Common Good (CG) approach to HEI goes beyond
the question whether education and research should be a public good, but incorpo-
rates cultural, social and relational dimensions and aims to empower creative and
inclusive approaches. Such a concept calls for new modes of direct participation
based on subsidiarity, cooperation, and solidarity, placing a high emphasis on the
development of awareness, responsibility, and community involvement (Locatelli
2018).

The economy for the common good (ECG) provides an ethical framework for
companies and organisations. It does not aim for profit maximization, but for human
dignity, solidarity and justice, environmental sustainability, as well as transparency
and co-determination (Felber 2010). The Common Good Balance Sheet (CGBS)
is a core part of the ECG. It has been developed and is continuously refined in a
participatory way with a grassroots democratic approach. CGBS measures the con-
tribution of an organization towards the values just mentioned and presents them in a
comprehensive and transparent way. Publishing a CGBS demonstrates an organisa-
tions relentless commitment with respect to the values it adheres to, both externally
and internally. The CGBS can be used for a continuous enhancement process (for
instance how can we improve the diversity of our employees, how can we reduce our
carbon footprint?). About four hundred companies and a couple of public entities,
such as cities or universities, have so far published a CGBS.

The CGBS is a report with 20 indicators. The contribution to the common good
with respect to all relevant stakeholder is assessed and scored through the CGMatrix
(see Table 1). A detailed, open-access workbook provides a comprehensive guidance
that allows scoring and comparing the contribution to the CG of all activities of an
organization. Before its mandatory publication, the Common-Good-Report has to
answer all topics, aspects and indicators asked for. After that the report has to become
externally audited (the audited report together with the past in audit-certificate is
the Common-Good-Balance sheet). This is a major difference to other reporting
initiatives. It allows for all organisations/companies to compare their contribution to
the common good with similar institutions and most importantly, it forces them to
look at all organizational processes.

4 Case Studies

In this section, we will examine two Higher Education Institutions who have imple-
mented the CGBS. We will start by briefly characterizing the institutions and look
at the history of their common good implementation processes. We will then reflect
upon the challenges and achievements and finally look at the next steps.
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Table 1 Common good matrix 5.0 (published in May 2017)

Source https://www.ecogood.org/en/common-good-balance-sheet/common-good-matrix/, last
access August 31, 2018

4.1 Characterization of Both Institutions and History
of Their Sustainability Processes

The Institute for Advanced Sustainability Studies
The Institute for Advanced Sustainability Studies (IASS) in Potsdam, Germany, is
a research institute established in 2009. Its core projects are funded by the German
Federal Ministry of Research and Education, as well as the Ministry of Science,
Research and Culture of the state of Brandenburg. The IASS is dedicated to the
development of transformative knowledge to pave the way towards sustainable soci-
eties. IASS research is conceptualized trans-disciplinary and conducted togetherwith
scientific, political/administrative and societal partners. The aim of the institute is
the production of knowledge necessary to address global or local sustainability chal-
lenges. Additionally, the institute aims at actively consulting and facilitating national
and international decision-making processes in the realm of sustainability. Currently
the IASS employs about 130 (full time equivalent) and hosts about 40–50 fellows
each year. The IASS is working closely with a number of universities, but does not
offer courses of studies itself.

There is a long history of efforts at the IASS to foster internal sustainability in var-
ious respects. Initially, these efforts were primarily bottom-up driven and culminated
in establishing the “Internal Sustainability Initiative” (ISI). ISI was particularly suc-
cessful in improving the quality of theworkplace andminimizing negative ecological
impacts and side effects of the institute’s core activities. From it’s very beginning,
ISI was strongly supported by the institute’s board of directors, particularly with

https://www.ecogood.org/en/common-good-balance-sheet/common-good-matrix/
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respect to investments in IASS’ infrastructure (e.g. replacing oil heating with district
heating) or strategic decisions (e.g. the choice of external suppliers).

However, the quick growth of IASS and a high staff turnover made it increas-
ingly challenging to keep the engagement level high and to ensure efficient and
sufficient action towards an even more sustainable workplace. As a consequence, an
internal sustainability manager was hired in 2016 to develop a sustainability strat-
egy for the institute to strategically integrate and manage all internal sustainability
efforts. Unfortunately, the position could only be funded for one year. In 2017, an
employee initiative suggested the implementation of the Economy for the Common
Good (ECG). The board of directors has quickly taken up this initiative and has
made it part of the administration’s responsibilities in order to integrate all efforts
and engagements within an overarching strategic framework.

For the IASS, the main reason to choose the ECG was its expected capacity to
integrate the already well established bottom-up action with an analytical framework
that is embedded in the broader vision of a common good oriented society, which
serves as the basis for strategic action prioritizing and planning. Beyond this, the
external audit process of the ECG provides important feedback and motivation in
addition to an external view on the institute’s overall performance in contributing to
the common good—while relating different potential fields of action to each other.
The IASS is currently gathering data for its first ECG-report and will complete the
formal ECG auditing process in 2018.

At IASS, the data collection process for the ECG-report has actively included
employee information, perceptions and knowledge. Furthermore, all members of the
organization were asked to comment on a draft version of the ECG-report. Addition-
ally, a four hour workshop open to all staff was conducted to collect and prioritize the
next steps for improving the internal sustainability of the IASS. 25 colleagues partic-
ipated voluntarily in the workshop and enriched the ECG report with their insights.
As one first reaction to the workshop the IASS decided to only serve vegetarian
and—as far as possible—regional and organic food at its events.

The International Graduate Center
The International Graduate Center (IGC) is part of Hochschule Bremen—City Uni-
versity ofApplied SciencesBremen (HSB) and is the leading institution in continuing
education in Northern Germany. It is an interdisciplinary Graduate School for Man-
agement and Leadership, and has roughly 300 students, 25 staff members, and 99
full-and part-time lecturers. With 6 full-time and 3 part-time MBA and Master pro-
grams, the IGC has one of the largest range of courses of all graduate schools in
Germany. All full-time courses are taught entirely in English. The IGC guarantees
a postgraduate education which equally satisfies academic and job requirements.
Team-oriented lectures and seminars in small groups facilitate a constructive dia-
log between the participants and provide students with skills necessary to address
complex and interconnected global issues and trends.

HSB started its first efforts to address sustainability issues more than 10 years
ago. Since 2003, HSB has participated in EMAS, the European Environmental Man-
agement and Auditing System, and was successfully re-audited in 2017 for the 14th
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time. In 2005, a competence center “Sustainability in Global Change” was founded
as a comprehensive teaching and research network with the goal of constituting
and further developing the requirements of sustainable development in the context
of “global change”. Under the guidance of members of the center, a student team
started a public lecture series “Facets of sustainability” in 2011. Students of various
programs can earn extra credits when they attend the lecture series.

At IGC, the initial idea for non-financial reporting beyond the already existing
activities evolved out of a student’s master thesis in 2013. The student introduced
ECG to the management and employees of the IGC and the IGC General Meeting
decided to implement the CGBS as the institution’s non-financial reporting tool.
This decision was embedded in a discussion following the global financial crisis of
2007/2008 that questionedwhethermanagement education, especially onMBAlevel,
likely contributed to the crisis by focusing too much on profit margin and growth
(e.g. James 2009). Similar to most business schools, the IGC already offered courses
on CSR and business ethics prior to the crisis, but the topics were not embedded in
all programs in the same depth and rigour. Thus, IGC has since started to embed CSR
and ethics into all modules. As it was clear from the beginning that an institution
can not only “talk the talk” but also need to “walk the walk”, the discussion was
started on how the IGC itself can become more sustainable. Therefore, the idea of
the ECG found fertile soil. In a top-down and bottom-up process, several of the 25
employees plus the board of management engaged actively in the reporting process.
Furthermore, IGC students, HSB employees and suppliers were involved.

4.2 Methodology and Timeline

At IGC, an integrated approach of counter-flow planning as a synthesis of the bottom-
up and top-down methods was used. The advantage of this method is that it reduces
the coordination problem as objectives and implementation options are better coor-
dinated with each other. The counter-flow planning process started with a top-down
specification of preliminary outline of the project derived from the overall strategies
of HSB and IGC in particular. Thereafter, the bottom-up process was started to fill-in
the details and concrete processes. After approx. nine month the report was exter-
nally audited in 2014. The IGC is currently pursuing a second report which will be
audited in the end of 2018.

The IASS followed a similar strategy byfirst pulling together the available data and
then filling the gaps by a workshop and discussions with individual staff members.
The process of the implementation, which is the basis of this paper, has started with
the first initiative in spring 2017. The process is still ongoing.
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Table 2 Exemplary adaptions of key terms of the ECG matrix

ECG term Problem for IASS context Adaptions for IASS

Suppliers As a research institute, IASS does not
rely systemically on “suppliers” for its
core duty of conducting research.
Thus, “supply chains” cannot be
systematically monitored

“Suppliers”, in the sense of the ECG
exist for a variety of support processes
and services. In its ECG report, the
IASS focusses on suppliers like facility
management, hardware suppliers or
travel service providers

Owners The governance and finance structure
of the IASS does not include
institutions equivalent to “owners”

“Owners” refers to the entire
governance structures above the board
of directors (board of members and the
advisory board). It includes the main
funding bodies

Customers For the IASS’ core tasks of conducting
research and engaging in policy advice,
the term “customer” does not capture
well the variety of interaction partner

“Customers” was interpreted in its
broadest sense as “interaction partners”

Products The term “product” does not describe
well the variety of outputs, outcomes
and impacts aimed at by IASS research
and policy advice

For the IASS case, “products” refers to
merely tangible outputs of IASS work,
like research papers

4.3 How Challenges Were Handled

Translating ECG terms for Higher Education Institutions
The process of gathering data and integrating it into the ECG-report frame turned
out to entail a number of “translation” challenges for the IASS. Difficulties emerged
particularly regarding definitions of key terms. For example, the special character
of the IASS’ financial and “ownership”-structures had to be translated into the ECG
framework. Similar issues came up with defining key stakeholder groups like “cus-
tomers” or “products” for its core activities of conducting research and facilitating
science policy dialogues. In all these areas, the work at the IASS is governed by a
significantly different logic from that of private corporations. Furthermore, it was
inevitable to opt for qualitative (instead of quantitative) explanations where the ECG
framework asks for figures like: “Number of products bought that impose ethical
risks or are ethically unproblematic”. Table 2 provides an overview of how IASS has
adapted terms.

As the CGBS is generally applicable to diverse corporations and organisations,
in general, IGC did not have problems with the application of the tool. However, its
final score was reduced especially in the fields of ethical financial management and
internal democracy, as well as, transparency. As IGC is part of a public university,
all financial services are provided by a state-owned bank and the IGC neither has
influence on the operations and services nor the ability to change the bank.Moreover,
as the IGC is not raising any third-party funds, which is also monitored by the ECG
matrix, no positive impact on the score could be achieved. The weak performance
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of the IGC in the area of internal democracy and transparency is mainly due to
the restrictions in common ownership as well as the selection and legitimization of
the management by employees because the legal framework under which the IGC
operates does not allow it. As both described examples potentially harm the common
good, auditors have reduced the IGC’s points, even though the IGC has no or only a
very limited scope of action.

Recently a set of amendments has beenmade to tackle the specific situation of uni-
versities (“Leitfaden Hochschulen” (ECG 2015)) in the Common-Good-Reporting
Process. For example, the aspects of third-party funds are now described in depth,
and in the field of “Ethical Customer Relations” the meaning of “customer” has been
clarified in the context of universities. The guideline gives HEI—and also the IGC
in its current reporting process—orientation which will result in a clearer picture of
the HEI’s sustainability performance.

Data collection
At IASS, the data collection process for the ECG report drew on previously collected
data to measure the IASS’ sustainability performance, for example with respect to
CO2 emissions, or data about travel activities. However, several key figures require
well-establishedmonitoring and collection instruments to ensure a continuously high
steering quality in the future. Here, the data collection process revealed that the IASS
is lacking resources and infrastructures necessary to record indicators e.g. about staff
activities or natural resource consumption for the ECG reports of the future.

The IGC could resort to figures from the HSB environmental report. Additional
data was collected by conducting interviews with service suppliers, the staff council
and students, as well as administering employee surveys, holding workshops, and
sending out alumni questionnaires.

5 Discussion and Recommendations

In this section, we will discuss the main advantages as well as the main lessons we
learned when implementing the ECG framework for Higher Education Institutions.

5.1 Holistic View and Identification of Sustainability
Potentials

The ECG matrix provides a holistic view of the contribution of all relevant organ-
isational processes towards the common good and allows identifying priorities for
improvement. The matrix has helped the IASS as well as the IGC to identify blind
spots in their internal sustainability performance. At the IASS different sources of
CO2 production have been compared and it was revealed that about 80% of the insti-
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tution’s CO2 emissions stem from travel activities of its members. This showed the
need to reform the travel guidelines.

Further, the ECG process helped to recognize issues that could be changed rela-
tively easily. For example, it turned out, that the IASS could easily change its financial
partners and IASS has now chosen an institution certified as a fair/sustainable bank.
On the management level, the comprehensiveness of the ECG approach helped to
integrate tasks and initiatives, which were distributed across several positions in the
past and previously hindered strategic action planning.With the ECG framework, the
normative vision of a common picture of a sustainable and common good oriented
IASS is clearly stated and both staff and management can adhere to this guiding
vision.

ECG reporting has generated an intensive debate at IGC, as it does not merely
provide a set of indicators but a mandate to question big parts of the organizational
model (at IGCmainlyWHAT is taught and under which circumstances), as it is much
more comprehensive and has an underlying vision of changing the economic system
through a value shift. This is the biggest distinction to other reporting standards.

5.2 Employee Participation is a Strength of ECG

By intensively involving the employees in the reporting processECG improves demo-
cratic participation and transparency. It leads to more complex decision-making pro-
cesses and more stable working agreements. It fosters the team spirit and encourages
free and open discussions across all levels.

This openness for extensive employee participation has several advantages for
HEI: Firstly, a bottom-up approach enables a holistic and precise analysis of the status
quo and stimulates contributions to improvement in all organizational processes.
Secondly, it increases the understanding and the willingness to actively contribute to
a common sustainability strategy. Finally, intensive employee participation during
the reporting process leads to increased transparency and thus higher acceptance. At
ICG, the ECGprocesswas started by an initiative of a student, at IASS, as an initiative
by an employee. In both institutions, previous attempts to implement sustainability
measures had limited success. Both institutions report that many good ideas had not
been picked up beforehand and that frustrated its staff members. The advantage of
ECG is that it forces institutions to consider all sustainability aspects, but also respect
flat hierarchies, which are characteristic of both institutions.

The participatory bottom-up approach has been a core component for the IASS
since the “Internal Sustainability Initiative” and will be continued in the process of
establishing the ECG balance sheet as a strategic instrument. For the IGC, broad
employee participation has also proved to be a good way of providing the ECG
balance sheet with a sound base. During the next reporting process employees will
again—and students for the first time—be called upon to propose ideas and remarks.
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5.3 Outside Visibility

The ECG Balance Sheet provides a way to visualize and communicate the con-
tribution of an organization to the common good. Especially publicly funded HEI
can thereby demonstrate their contribution to their financiers and the public. The
ECG Balance Sheet is particularly meaningful in this regard and promises to be an
interesting tool in constantly legitimizing and maybe even boosting their funding.

In addition, the ECG can provide a platform for mutual assistance and coopera-
tion to benefit from knowledge sharing and joint development of new approaches.
The cooperation between IASS and IGC shows that this approach works: Through
the exchange regarding the adaptation of the ECG balance sheet, experiences and
challenges of the implementation could be disputed. Especially IGC finds itself in the
middle of an accelerating networking process collaborating with other universities
and research institutions. IGC is frequently approached by numerous institutions to
ask about its experience with the ECG report—such as the Universities of Bremen,
Munich or Witten-Herdecke—and students as well as teachers wanting to present
ECG in their seminars. Finally, regional small cultural enterprises and neighbourhood
initiatives who recognize IGCs efforts ask for collaboration to strengthen themselves
and the district development. Last but not least, due to IGC’s overall ECG engage-
ment, it is now partnered to the summer school “Alternative Economic andMonetary
Systems” (AEMS) in Vienna in 2018 and managed to provide three students with
scholarships for AEMS 2018.

5.4 Effects on Teaching

The question on how intensively the IGC wants to affiliate with the ECG itself has
led to a critical discussion of the ECG reporting within the Faculty of Economics and
Management, where the academic responsibility for the Master programs offered by
the IGC lies. The somehow controversial discussion eventually confirmed that the
ECG report is the best way to measure IGC’s sustainability efforts and for mani-
festing awareness of the necessity for curricula modification. The IGC has begun to
incorporate ethical aspects in teaching. Sustainability and Ethics courses have been
implemented in three out of four full-time MBA programs. In a model project the
curriculum of one full-time MBA program has been completely revised to integrate
sustainability as an interdisciplinary topic. However, a great deal of persuasion is
still needed until sustainability will be fully embedded in all programs.
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5.5 Employing a (Part-Time) ECG/Sustainability Manager Is
Highly Recommended

In order to ensure the implementation or further development of the ECG, it is
necessary to clearly assign responsibilities. At the end of 2016 the IGC was able to
create a part-time staff position (10 h/week) that is responsible for “The Common
Good and Sustainability”. With this support structure IGC organized a number of
events for different target groups such as a series of public lectures at the Faculty
of Economics and Management on alternative economic approaches, presentations
and discussions on models and best practices, and information evenings for local
companies to inform them of sustainability reporting through the ECG balance sheet.
At IASS a sustainability officer has collected a broad amount of data. However, the
current lack of a separate ECG/sustainability manager puts a high burden on the
administration and has slowed down the process.

5.6 Limitations of Our Paper

This paper is based on an extensive research of the literature on sustainability in HEIs
and ECG balance sheet as well as a reflection of the people who have mainly imple-
mented and initiated ECG at both institutions and discussions with experienced ECG
certifiers for companies. This has allowedus to drawvery practical conclusions.How-
ever, a formalized and external evaluation of the implementation would be needed
in order to better assess the specific impact of ECG at both institutions.

6 Conclusion

This article has studied the advantages and disadvantages of the economy for the
common good (ECG) balance sheet for higher education and research institutions
with a focus on the experiences of the Institute for Advanced Sustainability Studies
(IASS) Potsdam and the International Graduate Center at City University of Applied
Sciences Bremen (IGC). In contrast to other sustainability reporting systems, the
ECG asks an organisation to report all of its contributions to widely agreed val-
ues (human dignity, solidarity and justice, environmental sustainability, as well as
transparency and co-determination). This portrays a realistic picture how sustainable
an organisation currently is and where it could improve. Furthermore, ECG even-
tually requires external auditing, which enhances the quality and comparability of
an assessment. It also allows an organisation to publicly display its current sustain-
ability performance as well as the steps it aims to take for improvement. For both
institutions a major advantage of ECG has been the way employees participate in the
auditing process: They are invited to participate in every aspect of the process and
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the comprehensiveness of the report ensures that all of their ideas are recognized. In
addition, it makes it easy to identify employees’ preferences in areas in which they
want their organisation to improve. Last but not least, ECG has had positive effects
on teaching at ICG as it helped to integrate business ethics as a core component of
all teaching activities.

The ECG helps organizations to be more aware of all fields of their activities
and clarifies where their sustainability performance is already strong and where
development potential still exists. The collection of a comprehensive set of qualitative
and quantitative data helped the IASS to identify priorities for their sustainability
activities, e.g. the need for action regarding its travel guidelines. For the IGC, the
ECG standard has led to a change in the focus of teaching activities and the awareness
to open its sustainability efforts more to the public and in this sense collaborate and
engage locally.

A successful ECG process requires a clear commitment of the leadership of an
organisation. As it includes the collection of a lot of data, it is recommended to
employ a sustainability manager, at least part-time. At the same time, there is a great
supporting environment for ECG auditing, including a free, detailed manual for the
whole reporting process and specific guidelines for higher education and research
institutions at www.ecogood.org. Furthermore, specially trained ECG consultants
can be asked for (paid) support.

As next steps, we suggest that ECG shouldwork on improving themeasurement of
impact for HEI. So far the ECG audit gives insights into the degree of an institution’s
internal change but it does not necessarily help to indicate the degree of external
impact. That can be best illustrated by the integration of ECG issues into teaching,
i.e. if it has a measurable impact on student’s views and behaviour. Already certain
ideas exist on how such an impact on students could be measured but it is not yet
integrated in the ECG framework. Furthermore, the knowledge about ECG for HEI
could greatly benefit from an external evaluation.

All in all, ECG could well be adapted in both cases. It is excellently suited to
support HEI which want to work according to core societal values and to become
the organizational role models they should be.
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Healthcare Waste Management
in a Brazilian Higher Education
and Health Research Institution

Ana Maria Maniero Moreira and Wanda M. Risso Günther

Abstract Higher Education Institutions represent an important role for the socio-
environmental sustainability of contemporary societies. Universities are generating
skills, knowledge, teaching and learning that contribute to environmental awareness
not only for students but also society in general. The School of Public Health (FSP)
is a public health and research institution located in the center of the city of Sao Paulo
Brazil, representing one of the 48 graduate schools of the University of Sao Paulo.
This paper presents the results reached by the Sustainability Program, in progress in
FSP since 2014, detailing its efforts to comply with sanitary, environmental and labor
regulations, as well some of the proactive attitudes adopted to solve waste manage-
ment matters. A Healthcare Waste Management Plan has been gradually implanted
attempting at waste avoidance, promotion of proper and safe waste handling, and
the prevention of health and environmental impacts. Projects, researches, lectures,
workshops, campaigns and events related to environmental and occupational health
have empowered the dissemination of environmental education, community aware-
ness, and assure continuity to the program. Indicators have been used to monitor the
process and to communicate outcomes. Limitations faced until the present are the
lack of economic and human resources, but they have been overcome, mainly thanks
to efforts, solidarity and entrepreneurial vision of volunteers.

Keywords Sustainability · University ·Waste management · Healthcare waste ·
Hazardous waste

1 Introduction

Initial thoughts concerning Education for Sustainable Development were captured in
Chap. 36 of Agenda 21—“Promoting Education, Public Awareness, and Training”
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(McKeown 2002). Since then, universities around the world have gradually incorpo-
rated and institutionalized these sustainability issues into their curricula, research,
operations, outreach, and assessment in order to enhance and transmit to their students
the necessary competencies to comply with the sustainability challenges (Lozano
2011).

For McKeown (2002) the education of sustainable development is more than a
knowledge base related to environment, economy, and society. It also addresses learn-
ing skills, perspectives, and values that guide andmotivate people to seek sustainable
livelihoods, participate in a democratic society, and live in a sustainable manner.

Under these principals, the higher education sector has an important function
because of its potential to educate and motivate our future leaders of sustainable
development topics (Ceulemans et al. 2015). Furthermore, campus sustainability
initiatives build awareness and encourage environmentally responsible behavior to
staff, students, and the broader community, even in their daily lives (Velazquez and
Munguia 1999).

A sustainable university is defined as A higher educational institution, as a whole
or as a part, that addresses, involves and promotes, on a regional or a global level,
the minimization of negative environmental, economic, societal, and health effects
generated in the use of their resources in order to fulfill its functions of teaching,
research, outreach and partnership, and stewardship in ways to help society make
the transition to sustainable lifestyles (Velazquez et al. 2006).

According to Nejati and Nejati (2013), universities should address sustainabil-
ity holistically both on-campus and off-campus. These authors stress that signing
international sustainability declarations, committing to international policies, and
running community engagement projects are not enough if universities ignore basic
sustainability principles in their operations and other on-campus efforts.

Inmany cases, campuses are comparable to small cities. They cover a large amount
of land with numerous buildings, facilities, and open spaces and must cope with the
increase in students, staff, and visitors. In addition, there is a constant demand for
changing the way some operations are performed in the direction of integrating
sustainable development into the regular university life (del Mar Alonso-Almeida
et al. 2015).

On the other hand, while some institutions are following plans to successfully
promote sustainability initiatives, others have ceased to continue that task due to the
lack of support on the campus where they were implemented (Velazquez et al. 2006).
Sustainable projects may vary in breadth: from very specific actions, e.g., improve-
ments in a single sector of the University, to large ones such as the development of
a complete environmental system.

Generally, themost significant actions are related to the employment of renewable
and safe energy sources; prevention of the emission of greenhouse gases and water
pollution; preservation of biodiversity and natural ecosystems, and the search for
effective solid waste management, preferentially investing in waste reduction and
recycling (Smyth et al. 2010; Nejati and Nejati 2013; Jorge et al. 2015; Alonso-
Almeida et al. 2015).
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However, to establish an effective sustainable program, universities must be cau-
tious about any aspect related to their solid waste management. Regardless of the
amount ofwaste generated, every educational institution is considered legally respon-
sible for total waste produced and must consider not only the internal management
steps but also be aware and monitor the outside stages in order to avoid any health
or environmental impact.

2 Solid Waste Management in Universities

Some authors emphasize that waste characterization studies can serve as amotivating
force during the preliminary stages of a broader sustainability initiative, particularly
within the higher education sector (Smyth et al. 2010). Other studies highlight the
importance of the involvement of the institutional territory as a laboratory and field
of application (Rooney and McMillan 2010).

Understanding the characteristics of the different types of waste generated and
their respective flows is the first step towards enhancing the sustainability of a waste
management system.Often university campuses generate large quantities and distinct
categories of hazardous waste in their teaching and research activities even if these
risks are not particularly evident.

Thewaste hierarchy is known as a set of priorities for the efficient use of resources.
It considers that the highest priority is to act first and foremost on source reduction,
also called waste avoidance, which means encouraging the community, industry, and
government to reduce unnecessary consumption and to give preference to items that
are recycled, recyclable, repairable, refillable, reusable, biodegradable and producing
less packaging. The second priority is resource recovery, which maximizes options
for re-use (i.e., repair, donation), recycling, reprocessing and organic waste valoriza-
tion. The energy recovery is the third priority and is defined as the conversion ofwaste
into usable heat, electricity, or fuel. Several techniques of waste treatment (combus-
tion, gasification, pyrolysis, anaerobic digestion) have also been used to reduce the
volume and toxicity of the waste. The final priority is the disposal in sanitary landfills
operating under stringent requirements, giving preference for those operating with
gas (LFG) recovery (UNEP 2010; Brazil 2010; DEFRA 2011; EPA 2018).

Waste is usually classified as non-hazardous or hazardous. This distinction
becomes very important since hazardous waste management requires a different
approach from general municipal waste, due to its properties and greater risks to
workers, the environment and human health. A proper and safe segregation system
for hazardous waste is the key to occupational safety and environmentally sound
handling. Implementing a proper segregation system must be accompanied by safe
and standardized handling procedures (WHO 2014).

The best option should be to exclude the hazards from products so hazardous
waste would not be generated. As this may be considered impossible, separation and
accurate management are imperative, because once hazardous waste is mingled with
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non-hazardous they become indistinguishable and everything turns potentially into
a contaminate (UNEP 2013).

Proper hazardous waste management is an important strategy in sustainability
seeing that it enables the reduction of occupational risks, environmental damage,
and costs due to the promotion of appropriate source segregation, neutralization
of substances, reutilization of some products, an efficient recycling program, and
consequently waste diversion from landfills. The “polluter pays” principle implies
that all producers of waste are legally and financially responsible for the safe disposal
of the waste produced (Brazil 1981; WHO 2014).

The term healthcare waste includes those generated within healthcare facilities,
research centers and laboratories related to medical procedures. The general com-
position is often characterized by the type of medical facility and the nature of the
healthcare activities. Health educational and research institutions generate relatively
lower quantities of hazardous waste than hospitals, but the risks of adverse effects
can become significant if hazardous waste is inappropriately managed.

University courses such as Medicine, Dentistry, Nursing, Pharmacy, Veterinary,
Chemistry, Public Health, and Biological Sciences generate healthcare waste during
academic activities. Universities must provide appropriate management of the waste
produced with the intent to prevent accidental exposure to personnel and damage to
the environment. Chemicals, sharp objects, andmaterials contaminatedwith radioac-
tivity or biological agents (virus, bacteria, and fungi) are hazardous waste frequently
generated in health research laboratories (WHO 2014).

Several agencies, such as the World Health Organization (WHO), Institute for
European Environmental Policy (IEEP), United Nations Environment Program
(UNEP), United State Environmental Protection Agency (EPA), United State Cen-
ters for Disease Control and Prevention (CDC) have established strict guidelines
for hospitals regarding collection, transportation, storage and disposal of healthcare
waste. Universities and research establishmentsmust adapt these guidelines to reduce
potential harm.

In Brazil, the National Solid Waste Policy (BRAZIL 2010) is a general guidance
for the management of every category of solid waste but does not provide much
information on healthcarewaste. However, other federal institutions: NationalHealth
Surveillance Agency (ANVISA), National Environment Council (CONAMA), and
Ministry of Labor and Employment have established guidelines regarding internal
and external healthcare waste management and occupational safety. Those more
specific Brazilian regulations are directed not only to human and animal healthcare
services which provide prevention, diagnosis, treatment, and recovery of diseases,
but also must be applied to institutions promoting health education and research
(ANVISA 2018; CONAMA 2005; MTE 2005).

Janitors and waste workers are professionals at considerable risk of accidents,
especially if sharp objects are not disposed of into puncture-resistant containers.
Sharp objects represent a two-fold risk, since they may cause both a physical injury
and an infection if thematerial is contaminatedwith pathogens. Healthcare andwaste
workers are also exposed to several toxic substances, disinfectants, and sterilants;
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ergonomic hazards such as manual lifting and transporting heavy waste loads are
also related (WHO 2014).

The most common problems connected with healthcare waste, besides the low
priority given to the topic, are lack of awareness about hazards related to health-
care waste, incomplete training, insufficient financial and human resources and the
absence of waste management and adequate disposal systems (WHO 2014).

In addition, notwithstanding the topic’s importance and the seriousness of the
situation, few studies have been developed and published so far. This demonstrates
the low priority given to the topic even in studies that deal with sustainability.

In this sense, the present study seeks to reduce this gap by increasing the existing
knowledge and to provide a better understanding about sustainability in universi-
ties, adding comparative rates of waste generation, and by opening fields for future
researches. The object of this study is a centenary public higher education and health
research institution, one of the 48 graduate schools of the University of Sao Paulo,
located in the center of the city of Sao Paulo, Brazil. This study was developed during
the last four years, from 2014 to 2018.

3 School of Public Health Characterization

FSP is a public health institution incorporated into the University of Sao Paulo (USP)
in 1939. It is located in the central regionof a largemetropolis, neighboring three other
institutions who also belong to the University of Sao Paulo: Faculty of Medicine,
Institute of Tropical Medicine and School of Nursing, forming the so-called Health
Quadrangle.

Currently, FSP offers two undergraduate courses: Nutrition and Public Health,
alongwith six post-graduate programs: Environmental Health; Entomology in Public
Health; Epidemiology; Nutrition in Public Health; Global Health and Sustainability;
and Environment, Health and Sustainability.

The school has over 1,500 students, 77 teachers, 176 technical and administrative
staff, as well as an outsourced staff (security and cleaning). Moreover, it should be
noted that a primary healthcare center, a children day-care center, two restaurants and
a library are located inside the school. These supporting sectors employ their own
staff and receive a variable and an innumerable number of daily users and visitors.

Many academic disciplines taught in FSP contribute to environmental understand-
ing. The Department of Environmental Health, one of its five departments, offers
fifteen subjects in four different undergraduate courses (Public Health, Nutrition,
Nursing and Environmental Engineering) and 33 post-graduate courses covering
the interaction between environment, health, and sustainability. In total, there are
fourteen laboratories in the three areas of Epidemiology (seven), Nutrition (five)
and Environmental Health (two), which produce different types of healthcare waste
during classes and researches activities.

In addition, the Primary Healthcare Center located inside FSP has eight critical
areas generating infectious and/or chemical waste, comprising: dentistry; women’s
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health clinic; two laboratories (clinical and dermatology analyses) and some rooms
to promote patient’s medical assistance such as immunization, medication, dressing
change room, and collection of lab tests samples.

In this context, healthcare waste management becomes important and relevant
when referring to sustainability issues in health, educational, and research institu-
tions.

4 Healthcare Waste Management Plan

A sustainable approach involves evaluating the needs and local conditions to identify
the most appropriate waste management activities to be applied in a specific context.
The Healthcare Waste Management Plan (HWMP) is designed to be the instrument
that describes the procedures for wastemanagement. It is generally instituted through
health and environmental policies and legally required for all waste generators in
several countries, including Brazil.

In FSP, the Plan, Do, Check & Act cycle (PDCA), promoted by Deming (1990),
has been adopted to implement and monitor the HWMP. This tool facilitates to
plan and develop actions, to reach proposed goals, make evaluations, readjustments
and continuous improvement. The HWMP is constantly updated and results are
monitored and evaluated by means of indicators.

The first step, which was taken in 2014, was to organize a waste management
committee. It currently is composed of 24 members, including teachers, students,
researchers, technicians and employees representing each laboratory, the admin-
istrative sector, the Primary Healthcare Center, along with members of the Inter-
nal Commission of Accident Prevention (CIPA) and the Specialized Service in
Safety Engineering and Occupational Medicine (SESMT). This multidisciplinary
commission gathers professionals with different backgrounds in areas such as biol-
ogy, medicine, engineering, architecture, administration, pharmacy, chemistry, and
others. The meetings take place on a monthly basis, where issues related to waste
management are identified, discussed and gradually addressed, leading to consensual
and joint actions.

Among the main activities and results that have been achieved during the last
four years are: (i) investigation of the previous waste handling situation in FSP; (ii)
identification, characterization and quantification of every kind of waste generated;
(iii) implementation of measures to minimize waste generation and environmental
damage; (iv) promotion of assistance and substructure for the project of organic
waste recovery; (v) technical support to professionals regarding occupational safety;
(vi) systematization of selective collection and support to the waste picker’s social
inclusion; and (vii) increment of environmental education to intensify awareness and
changes of attitude.
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(i) Investigation of the previous waste handling situation in FSP

In order to build a sustainable university, an evaluation must be carried out to deter-
mine the scenarios to which certain strategies can be successfully applied (Barth
et al. 2011).

To carry out an assessment of the prior waste handling at FSP, a checklist was
composed. It organized all the necessary legal requirements to develop good practices
in waste management, which encompassed sanitary, occupational and environmental
areas. Data was obtained through conducting interviews with representatives of each
area, on-site observations and photographic records.

This assessment process identified some non-compliant operational practices,
inadequacies in the infrastructure of storage of hazardous waste, and the need to
improve personnel training. In addition, it indicated the existence of a great potential
for waste minimization, and ideas to solve most unsustainability problems.

(ii) Identification, characterization and quantification of every kind of waste
generated

According to Brazilian regulations, all hazardous healthcare waste must be rigor-
ously source separated, individually quantified, accurately collected, transported,
stored and made available for collection by contracted specialized companies. These
companies will send the waste to get the appropriate treatment, if necessary, and the
slags will finally be disposed of in landfills. In addition, the external transportation
requires a license and is accompanied by a transfer document (ANVISA 2018).

The FSP is classified by the Municipal Cleaning Service1 as a small hazardous
waste generator since less than 20 kg of hazardous waste (toxic chemicals, biological
waste, and remains of experimental animals) is generated daily. FSPdoes not generate
radioactive waste. In FSP, the three groups of hazardous waste are collected by
the same company, but they are sent to different treatment centers: chemicals are
incinerated, infectious are autoclaved and dead animals are cremated.

On the other hand, other contaminating products such as batteries, fluorescent
lamps, cartridges/toners, obsoletemedical equipment, and e-waste are produced daily
and require special attention.

Because of the support of the multidisciplinary committee, hazardous and non-
hazardous waste is weighed and periodically evaluated. During the last year, aver-
age daily total waste generated in FSP was around 477.7 kg, comprising 376.3 kg
(78.7%) of general waste; 82.6 kg (17.7%) of recyclables; 15.5 kg (3.0%) of infec-
tious and 1.3 kg (0.3%) of hazardous chemicals. It is important to consider that
around 8.3 kg/day (2.3% of the general waste produced), represented by organic
waste (coffee dregs, fruits and vegetables remains) and vegetation from gardens, are
collected separately and sent to be composted inside the FSP.

Studies on sustainability in universities rarely mention hazardous waste, apart
from batteries and e-waste. There are few studies about management practices and

1To charge the services of collection, transportation, treatment and final disposition, in the terri-
torial limits of the Municipality of São Paulo, Public Cleaning Service classify healthcare waste
generators according the quantity of healthcare waste generated. http://www.prefeitura.sp.gov.br/
cidade/secretarias/fazenda/servicos/taxaderesiduos/index.php?p=2366 (Last accessed 5/12/2018).

http://www.prefeitura.sp.gov.br/cidade/secretarias/fazenda/servicos/taxaderesiduos/index.php?p=2366
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evaluations of the amount of infectious or chemical waste generated. Some authors
have presented universities’ waste composition rates (Smyth et al. 2010; Zen et al.
2016), but do not report the quantities of hazardous waste generated.

(iii) Implementation of measures to minimize waste generation and environ-
mental damage

Whenever possible, minimizing the generation of healthcare waste is a good practice
to prevent risks. Reuse is another option to minimize waste, but it is not without
complications and requires a realistic assessment of which practices are considered
safe and which to avoid (WHO 2014).

In FSP, efforts have been made to establish criteria of acquisition of products,
end-of-life management of products, incentives to reduce printing and paper usage,
use of recycled paper, increase online communication, and adoption of take-back
programs in order to systematize reuse and recycling of materials. These actions
contribute to minimizing waste generation and its side effects.

Knowing the quantity ofwaste generated allows for an estimate of the capacity and
number of containers needed and to establish rates of production in different areas
of the institution. In FSP, differentiated and identified containers are strategically
distributed (Fig. 1).

This action was not expensive or difficult to implement. In addition, it facilitated
the adequate segregation at the origin, avoiding the mixture of hazardous, recyclable

Fig. 1 Differentiated and identified containers
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and non-recyclables, and consequently the contamination of the content. In this case,
targets are not only quantitative but also qualitative.

Every sort of waste generated at FSP has the flowmonitored, but for a while, some
of them have not been weighed yet. Printer devices and lamps have been numerically
quantified, while quantities of old furniture, e-waste, garden and construction debris
are only estimated.

Some examples of waste that have not yet been quantified and their respective
destinations are:

• Old and unwanted furniture are donated to non-governmental organizations.
• Institutional out of order or obsolete electric/electronics equipment (e-waste) are
sent to the Center for Disposal and Reuse of Computer Waste, located in USP
main campus. Depending on the age, specification, and conditions, the e-waste is
refurbished or dismantled in parts (plastic, metals) and recovered (Fig. 2).

• Garden vegetation and debris are collected in containers (Fig. 3). A small portion is
locally composted and the remaining is addressed to municipal composting areas.

• Printer toners and cartridges have a specific flow. In 2017, 74 printer toners and
24 cartridges (Fig. 4) were sent back to their respective manufacturers. Accord-
ing to the Take Back Program manufacturers are responsible to disassemble the
diversified components and send them to be treated or recycled.

• Some forms of waste resulting from renovations to buildings such as wires, ferrous
material, metal frames and other products (Fig. 5) are separated by maintenance
employees and sent to sorting centers to be recycled.

• Since 2017, fluorescent lamps have been gradually replaced by light-emitting
diodes (LEDs), which have no mercury in their composition, and are considered
the best choice regarding light quality, energy consumption, and environmental
impact. Every burned fluorescent lamp removed is carefully stored (Fig. 6), and
sent for treatment. Then, the mercury vapor is captured and the fragmented glass
sent to be reused. In 2017, about 1,300 lamps were sent for treatment.

Fig. 2 Institutional e-waste
sent for reuse or recycling
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Fig. 3 Garden debris stored
in containers

Fig. 4 Printer toners and
cartridges collected in 2017

Fig. 5 Construction and
demolition debris
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Fig. 6 Burned fluorescent
lamps appropriately stored

• There are 35 thermometers of mercury still in use, but substitution by digital
instruments aiming at total elimination is in progress. Mercury is highly toxic
if absorbed through the skin or if inhaled; may cause damage to the nervous,
digestive, respiratory, and immune systems or even be fatal (WHO 2005).
In FSP, there is a continuous and standardized collection of used batteries. They are
addressed to the recovery of certain components. This project also accepts batteries
from home. The main purpose of this practice is to bring community attention to
environmental questions and to encourage a change in attitude towards their own
lives. An average of 100 kg of batteries is collected and sent for metal recovery
every year (Fig. 7).

Fig. 7 Specific container to
collect users’ cell phones and
batteries
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• Lately, an innovative project encourages the collection of special materials such
as writing devices (pencils, pens), cleaning sponges and coffee capsules (Fig. 8).
They are sent by mail to a company (Terracycle) who is responsible for recycling
them. The costs are paid by each manufacturer.

(iv) Promotion of assistance and substructure for the project of organic waste
recovery

According to a study carried out at the University of Northern British Columbia,
Ontario (Smyth et al. 2010), compostable organics represent 21.6% of the total
campus waste stream. The author points out that transforming institutional organic
waste into compost, on university campus grounds or outside, has become a growing
practice in Canada.

In FSP, since 2009, a composting project supervised, operated, and monitored
by professors, students, other employees, and the outsourced staff is responsible for
the reduction of 2.3% of the regular waste generated, resulting in economic and
environmental gains (Fig. 9).

Since the beginning of the composting project, in 2009, 22.5 tons of organic waste
have been converted into natural fertilizer. The organic waste utilized is produced in
some sectors of the FSP, where volunteers store coffee dregs and remains of fruits and
vegetables inside refrigerators. Once a week this material is taken to the composting
area and mixed with garden debris. After approximately three months the compost is
ready to be used. This final product has been distributed to the community on events
(Fig. 10) or returns to FSP’s gardens.

The compost has proven to be efficient in faster growth and improvements in plants
appearance. The expectation in the next months is to expand this project, aggregating
all kind of leftovers produced by two restaurants in operation inside FSP.

Frequently, the composting area receives external visitors to observe the methods
and learn about the easiness of operation. In this sense, the scope of the project

Fig. 8 Special materials
collectors
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Fig. 9 Composting area
inside FSP

Fig. 10 Organic compost
distribution during internal
event

spread beyond the walls of the institution as the dissemination of this practice has
been adopted within people’s homes and to other teaching and research institutions.

(v) Technical support to professionals regarding occupational safety

All personnel manipulating healthcare waste should be familiar with the national and
local regulations. They should be trained before they begin handling waste, and then
on a routine basis, and they must also to update their knowledge of prevention and
control measures. Training should include awareness about the potential hazards, the
purpose of immunization, safe waste-handling procedures, prevention of exposure,
injuries, infections, and how to use Personal Protective Equipment (PPEs) (WHO
2014).

In FSP, staff and students receive training regarding potential risks and safety
procedures to prevent accidents caused by the waste (Fig. 11).
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Fig. 11 Presentation
regarding waste management
at the biosafety annual
course

As a result of research developed following the institutional demand, eleven Stan-
dard Operating Procedures (SOPs) regarding inside and outside waste management
in FSP were elaborated (Domingues 2017). These procedures have been used as a
standard for the existing 14 laboratories to develop their own SOPs.

(vi) Systematization of selective collection and support to the waste picker’s
social inclusion

Every recyclable material collected in FSP is sent to a sorting center operated by
waste pickers organized in cooperatives (Fig. 12). Thematerial is sorted into different
types, benefited and marketed with the respective industries, allowing the reinsertion
of components into the production cycle as a secondary raw material. The inclusion
of waste picker organizations in the Municipal Solid Waste System is encouraged
by the National Solid Waste Policy as a public policy of social inclusion since it
generates employment and incomes for disadvantaged people.

Fig. 12 Waste pickers
sorting recyclables by types
of material
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In 2014 and 2015, FSP students presented lectures about occupational safety to
waste pickers as a support to improve working conditions and worker’s safety.

(vii) Increment of environmental education to increase awareness and changes
of attitude

According to Leal Filho et al. (2016), if activities are implemented carefully within
the university context, students will benefit from hands-on experiences with sustain-
ability, and the university may also benefit from the students’ work. In addition, a
bridge is created between education and professional practice.

In FSP, at the beginning of each academic year lectures have been conducted to
motivate and stimulate the participation of new students (120 undergraduate and 100
graduate) in the sustainability actions developed (Fig. 13).

Considering the importance of publicizing actions to raise awareness and give
continuity to the program, annual reports have been posted on the FSP website.
Information, photos, and qualitative and quantitative results are divulged to draw
community attention to issues that could be explored better. The dissemination of
successful advances and actions keeps the program alive in the minds of the com-
munity and motivates participation at the same time.

The results found in this study show that there is still a great potential to decrease
municipal solid waste generation in FSP by improving the selective collection of
organics and recyclables and achieving greater community participation.

As a strategy to involve the community in the activities and to promote dissemi-
nation of information, every year, technical-scientific events are held in celebration
of the “World Environment Day” (June 5th). Programming includes lectures related
to environmental health and sustainability, workshops for reuse of recyclable mate-
rials, a recyclable fair, theater plays with environmental themes, monitored tracking
at FSP’s gardens, guided tours to the composting area and integral food reuse work-
shop. At those events, the distribution of organic compost became a tradition, and is
eagerly waited for the community.

Fig. 13 Presentation of
sustainable actions to new
students
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5 Conclusion

This study emphasizes the potential for institutions for higher education in fostering
the development of sustainability through actions to prevent health and environmen-
tal impacts, mainly by means of the minimization of waste generation and careful
management of hazardous waste.

The sustainability program developed over the last four years in FSP involves
different areas and comprises negotiations, activity planning, constant monitoring,
corrections and adjustments over time. The existence of a multidisciplinary team
acting simultaneously in an integrated and participatory way has been of fundamen-
tal importance to effectively achieve the objectives and keep the continuity of the
program.

The results conquered so far are broad, mainly in terms of community aware-
ness and benefits to the environmental preservation, which is considered funda-
mental for sustainability. Improvements in occupational safety, sanitary and socio-
environmental conditions, besides cost reduction andfinancial savings,were reached,
since more than 90 kg/day (82.6 kg of recyclables and 8.3 kg of compostable mate-
rials) are not sent being to disposal in landfills.

An important difference with this program has been the enactment of the follow-
up indicators to evaluate actions and correct unsuccessful courses, if necessary. The
publication of periodic results brings awareness andmotivation for the community to
continue working and to avoid any regressions. Another benefit is the extrapolation
of activities outside the institutional environment. People involved became more
responsible and careful about the appropriated waste discarded and these attitudes
have been integrated as a part of their daily lives.

The difficulties faced so far are the lack of economic and human resources. How-
ever, these have been overcome, due mainly to the solidarity and entrepreneurial
vision of volunteers. The main challenges are the construction of a new storage area
for hazardous waste, total elimination of mercury items, the creation of an exchange
system among laboratories for unused substances and equipment, and to expand
training courses currently available.

This study’s limitation was the impossibility to weigh the totality of waste gener-
ated inside FSP. Although receiving sustainable care, some types of heavywaste such
as e-waste, furniture, garden, and construction debris have not been yet numerically
considered as a part of the total campus waste stream.

Note: all the photographs were produced by the authors.
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“Salomone Sostenibile”: An Award
to ‘Communicate’ the University’s
Leading Role in Sustainable Development

Luca Toschi, Marco Sbardella and Gianluca Simonetta

Abstract This paper illustrates the process of designing and implementing the “Sa-
lomone Sostenibile” award. This initiative was born in conjunction with important
efforts by the University of Florence, the Center for Generative Communication
(CfGC), and the “Ateneo Sostenibile” group over the last two years to enhance and
communicate knowledge and skills related to the complex sphere of sustainability.
The award is an initiative aimed to promote, aggregate and systemize the best prac-
tices, experiences and studies on sustainability matters. More than a simple award,
Salomone Sostenibile is a true communication environment designed to aggregate
the innovation and research generated by the University through their application in
production processes and projects to improve well-being and quality of life at local
and national level. The main innovative feature of this award is that it can create a
community of interests, knowledge, competencies, and skills to innovate and gener-
ate sustainable behaviors at both individual and collective levels. In other words, not
just a point of arrival and gratification for the best research and development experi-
ences, but rather a starting point for identifying and creating relationships among the
range of realities in education, research, production, associationism and civil society
that contribute to promoting sustainable development. Thus, promoting this award,
University of Florence can strengthen the leadership that universities have claimed
for decades in this area. In this sense, the award reinforces the univerisity’s Third
Mission and bolsters relationships and mutual exchanges with the territory and its
economic, institutional and social actors. The award consists of four sections:

• best thesis;
• best project of a profit company;
• best project of a non-profit association;
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• ambassador of sustainability.

Keywords Generative communication · Paradox of sustainability · Community
building · Salomone Sostenibile award

1 Introduction: The Generative Communication Paradigm
to Promote Sustainability

The Salomone Sostenibile award has been proposed by the Center for Generative
Communication (CfGC) in the context of sustainability initiatives promoted by the
University of Florence. The idea of the award originates from the belief that commu-
nication can make a significant contribution to the challenges of sustainability when
interpreted differently, as compared to the current approach.

The Salomone Sostenibile award is based on the generative communication
paradigm (Toschi 2011) which animates a community of stakeholders who can make
contributions in order to produce contents that result from a participatory process.
Furthermore, this approach can help overcome what we have defined as the “Paradox
of Sustainability,” which belongs to an outdated vision of communication.

The Salomone Sostenibile award, as a communicative matrix object,1 contributes
to redefine the meaning and purpose of an award dedicated to sustainability. Unlike
many other awards, it is not a mere gratification for those who have distinguished
themselves in the past, but it serves to create a community of interests, knowledge,
and skills aimed at innovating and generating sustainable behaviors at both individual
and collective levels.

In other words, it is a future-oriented award where the recognition is not the arrival
but a starting point for identifying potential partners and creating new relationships
between education, research, production, associationism and civil society to con-
tribute to the promotion of sustainable development. As promoter, the University of
Florence can finally claim a leadership so long desired in this area.

In the following section (Beyond the “Paradox of Sustainability”: a Matter of
Communication), we illustrate our position regarding the relationship between com-
munication and sustainability, introducing the concept of the “paradox of sustainabil-
ity” and the need to overcome it, thus changing the paradigm used to communicate
sustainability.

In the section University, Territory and Promotion of Sustainable Development,
we introduce the theme of the relationship between University and territory, and
retrace the historical lineage of the definition of the role of universities in promoting
sustainability and sustainable development.

1For more information about the communication matrix object see http://www.cfgc.unifi.it/eng/.

http://www.cfgc.unifi.it/eng/
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The subsequent section (Ateneo Sostenibile: the Commitment of the University
of Florence), we describe the work carried out by the Center for Generative Commu-
nication and the University of Florence in the context of Ateneo Sostenibile working
group, which has developed numerous education, information and community build-
ing activities since 2016.

The Salomone Sostenibile Award: a Generative Communication Environment
section illustrates the structure, the aims, and the innovative features of the Salomone
Sostenibile award, underlining four central aspects: recursion, documentation, edu-
cation and dissemination.

The final paragraph highlights how the generative communication paradigm rede-
fines the concept of reward.

2 Beyond the “Paradox of Sustainability”: A Matter
of Communication

For years, the Center for Generative Communication (CfGC) at the University of
Florence has been studying the promotion of sustainability and sustainable behaviors.
In this area the CfGC studies communication strategies addressed internally (inside
the University) and externally towards the socio-economic fabric of the reference
territory.

With regard to activities inside the University, the Center is concerned with par-
ticipation in the “Ateneo Sostenibile” working group, while its external interests
involve projects in collaboration with different kinds of institutions, companies and
organizations.

Thanks to constant commitment and the numerous research projects carried out by
the CfGC, the research group has become increasingly aware that society is living in
a paradox, which we have called the “Paradox of Sustainability” (Sbardella in press).
Briefly, sustainability is present in people’s awareness and it is ever more present in
the agenda of world leaders yet there seems to be nothing more unsustainable than
sustainability.

This paradox has a lot to do with communication.
Today, development is sustainable, tourism is sustainable, mobility is sustainable,

but also consumption, food, clothing, architecture, innovation, fashion, finance and
even palm oil are all sustainable.Most of the scientific community agrees on the need
to make our relationship with the environment more sustainable and the majority
of heads of state and governments (with some macroscopic exceptions) constantly
reaffirm their willingness to engage in this direction; companies compete to publish
sustainability reports and to activate “green” initiatives and many citizens show
interest and awareness for the topic.

Yet something does not work.
Not even during the Cold War and the nuclear nightmare have we been so far

from satisfying “the needs of the present without compromising the ability of future



342 L. Toschi et al.

generations to meet their own needs.” This citation comes from the most common
definition of sustainable development, formulated back in 1987 in the final report of
the Brundtland Commission (1987), rightly entitled Our Common Future.

The scientific community has difficulty effectively communicating with policy-
makers and public opinion, as demonstrated for example by the low success achieved
with the sustainability indexes introduced to overcome what the subtitle of the Italian
translation of a book by Nussbaum (2011) effectively defines ‘the dictatorship of the
GDP’ (liberarsi dalla dittatura del Pil).

The international community often organizes,with goodmedia coverage, summits
and conferences on sustainable development but each of them ends with statements
that too often lack coherent follow-up actions or, at least, are not sufficient to achieve
the ambitious goals set out.

Thus, citizens are in the position of making very important individual choices
(attitudes, behaviors, consumption) but which become ineffective if they do not
influence the systemic dynamics and, in most cases, they turn out to be mere acts of
testimony.

Often in companies, especially larger ones, the left hand does not know what the
right hand is doing, and thus the company ends up being engaged in both the promo-
tion of sustainability and feeding of an unsustainable production and consumption
system at the same time.

If we try to identify the lowest common denominator of these phenomena, we
realize that everything leads back to the hiatus that we experience daily between our
values and our aspirations on one side, and the behaviors that we are able to put
into practice on the other. Between the component parts and the system, between the
ideal and the possible, between the symbolic and the physical. And precisely “middle
lands” (Toschi 2011), which constitute the real territory of communication, represent
the field of contentionwithin which the challenge of sustainability is played. Because
that’s where we need to look if we want to build truly sustainable sustainability. Sus-
tainability that is conceivable and practicable, ideal and real, symbolic and physical,
individual and collective, one and multiple. In other words, complex.

A sustainability that, like the horizon or a utopia, shows us the way to go and
keeps us away from a static equilibrium that, as scientists teach us, corresponds to
the death of a system. A dynamic sustainability, therefore, because it is continuously
sought in the relationships that are established between our actions and behaviors,
and the physical (and social) environment in which those actions and behaviors take
place.

This relationship accompanies our entire journey on the planet. The environment
has deeply conditioned the stages of our evolutionary process, but we ourselves
immediately started writing the environment around us to make it more welcoming
and suitable for the prosperity of our species: what is agriculture if not a portentous
tool for the transformation of the environment by Man?

But something has recently changed. Today, we are in a qualitatively different
and completely new situation for our species, if not for the entire planet.
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Nowadays we have the capacity (who knows how much of it is consciously) to
modify and disturb the environment or even make it unfit for our permanence and
that of many other species. This is a first in human history.

Thismakes it extremely difficult to define sustainability, and the sustainable devel-
opment that derives from it, once and for all. Definitions look like photographs, but
sustainability is a tremendously out of focus photograph. As soon as the right frame is
found the subject of the definition is already elsewhere, and the speed of their move-
ment today is swirling. For this reason, it is more functional to think of sustainability
as a film, which adds a temporal development dimension to the photograph.

In this sense, sustainability, as we understand it, is completely incompatible with
the preservation of the status quo, or at worst chasing a past that is as idyllic as inex-
istent. A sustainability, therefore, understood as a process of co-evolution between
us and the environment that sustains us. A sustainability projected into the future,
a future to be built, where the necessary harmony with the environment does not
preclude the extraordinary creativity of our species. We should be increasingly able
to identify still unknown resources so that wemay understand and respect the bound-
aries of the planet without limiting ourselves.

Therefore, we must strongly reject those conservative visions—from a cultural
and political point of view even before an environmental one—which have gained
favour in recent years and which more and more often creep into a large part of
progressive positions.

But with equal force, we must reject the fideistic positions that envisage the
intervention of a deus ex machina—which will typically be represented by a new
technology—capable of pulling us out of the dead-end journey thatwehave embarked
upon.

In the same way, the search for sustainability cannot be entrusted to great United
Nations summits where leaders adopt very interesting agendas and resolutions, but
which rarely succeed in translating into concrete and appreciable results, nor to the
spontaneity of actions and of the choices of each of us. If we are unable to modify the
economic and social grammars of our development model we risk limiting ourselves
to noble and gratifying, but in the end useless, attestations of good will.

Our behaviors and consumption choices are like the votes we deposit in the urn.
Each one—from the first to the last—is fundamental in the context of a solid demo-
cratic regime to direct the politics and policies of society. But, by definition, the
ballot is pre-printed and our choices are limited to the range of options offered by
the political landscape.

Sustainability must be sought in the dynamic field of relationships that are gen-
erated between these two extremes (supranational strategies on the one hand and
individual choices on the other). Sustainability, consequently, is a game of power, a
field of contention in which power-knowledge is produced and disseminated in and
on the society, and it is subject to continuous negotiation on the basis of strengths
that are not given once and for all because “power is neither given, nor exchanged,
nor recovered, but rather exercised, and that only exists in action.” (Foucault 1980,
p. 89).

Sustainability, in other words, is once again a matter of communication.
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The filmic metaphor is also useful in another sense: all films by definition have a
beginning and an end. We are still playing a role in the film of our earthly adventure,
but we no longer have the script that has guided us for hundreds of thousands of
years. Now it is up to us, as a species and as individuals, to write the screenplay as
well as act, and then decide if the film will have a happy ending or not. We need a
good deal of luck and, above all, awareness of the new role as screenwriters that we
have been called on to assume.

It is both a frightening and exciting challenge and it is up to us to decide whether
to accept it or not. It is important to remember that the generative process that we
have triggered will not be extinguished due to our choice not to choose, and that the
process we have started will inevitably lead us straight to a disaster unless we control
it.

The paradox of sustainability, therefore, depends primarily on the fact that the
current meaning of sustainability is not suited to the scenario because it derives from
the current dominant communication paradigm, which is clearly connected—cause
and effect at the same time—with a reductive view of the world characteristic of
homo oeconomicus. Entering the wide and dense world of sustainability, it is clear
that no truly sustainable development is possible until we get rid of this pre-complex
and predatory way of relating to the world.

Therefore, wemust break the vicious cycle of hybris and némesis that we activated
before the advent of neoliberalism but that with it, this cycle has reached unprece-
dented quantitative and qualitative levels. And we cannot do it by jumping from the
train of History to take refuge in a false idylliac past but rather should accept the
immense challenges and equally great resources that a complex vision of our rela-
tionship with ourselves, with other men, and with the planet can offer us for the first
time.

This is why it makes no sense to communicate sustainability by trying to identify
the most effective strategies, channels and contents to achieve the result. At least
it does not make sense until we’ve changed the communication paradigm that is
upstream of any strategy, channel or content.

Our actions cause reactions that we can not foresee, the risks and challenges in
front of us are increasinglymore global, the technique seems to have awill of its own,
which does not always coincide with the interests of our species, and the inequalities
in the distribution of material and immaterial well-being are always deeper.

However, we also have—for the first time—the tools to design and write our
future, activating and deactivating unprecedented relationships at all levels. From
the infinitely small of genetic engineering to the infinitely large of space exploration.
And this ability to connect what has always been disconnected and, on the contrary,
to disconnect what we have always considered by its nature to be united is, once
again, one of the main features of communication.

The new paradigm to communicate the new concept of sustainability must neces-
sarily be based on complexity (interpreted as a resource) and generative communi-
cation. A paradigm not to be discovered or explored but to be built, in an inclusive,
democratic and participatory way. It will therefore be a never-seen-before paradigm
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because the challenges we are called on to face are unprecedented. A paradigm that
we call “sustainable communication”.

3 University, Territory and Promotion of Sustainable
Development

The university could and should be one of the privileged institutions to contribute
to bridging the gap between values and behavior as briefly introduced in the first
paragraph.

In this regard, Walter Leal Filho has written about Education for Sustainable
Development (ESD), which defines an educational process through approaches and
methods aimed at fostering awareness about sustainable development (Filho 2015,
p. 4). It is not just a matter of environmental education, instead it is a question of
reforming the entire educational system to respond to the challenges posed by the
search for truly-sustainable, global, as well as local, development.

Academically, sustainable development education should be aimed at facilitating
interdisciplinary approaches, promoting skills in integrated planning, developing a
better understanding of complexity and of the role of decision-making processes
(Mehlmann et al. 2010, cited in Filho 2015, p. 9).

Universities play a central role for at least two reasons: the awareness of many
sustainability problems and challenges comes from the work of researchers and
professors, and they are the educational institutions where from which the majority
of social, economic and political establishment arises. Moreover, universities have a
precise role in society resulting from sustainable development.

In 2014, the Director-General of UNESCO Irina Bokova stressed that:

Higher education institutions are essential platforms for innovative partnerships, to join
together researchers, policy-makers, civil society and the private sector, to design and deliver
knowledge and action for sustainable development.

Higher education institutions are fundamental for the building of innovative part-
nerships and connect researchers, policy-makers, civil society and the private sec-
tor. They are also necessary for planning and disseminating knowledge and actions
aimed at promoting sustainable development in their territory. A territory should not
be understood as:

an objectively-given site of preexisting physical, economic and administrative proximity to
defend as an area of exclusive pertinence where more or less advanced knowledge, skills and
practice can find transfer. On the contrary, territory is a permanently changing active subject
that relates and interacts with research and education on a daily basis, and which in turn asks
questions, expresses needs, offers and thus creates knowledge. (Toschi 2018, p. 189)

The slow and difficult raising of awareness regarding the role of universities began
well before Irina Bokova’s declarations and date back to at least the beginning of the
1990s.
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Various statements about the role to be played by universities were written and
published as a driver for the definition and achievement of sustainable development
in the wake of the Rio de Janeiro Earth Summit 1992. In addition, the thirty-sixth
chapter of Agenda 21, entitled Promoting Education Awareness and Training, con-
sists of three sections: (1) Reorienting education towards sustainable development,
(2) Increasing awareness and (3) Promoting training. (United Nations 1992)

Among the main statements that have tried to stimulate and strengthen the rela-
tionship between universities and sustainable development worldwide, we mention
the Talloires Declaration (ULSF 1990), the Halifax Declaration (IAU 1991), the
Kyoto Declaration on Sustainable Development (IAU 1993) and Copernicus Univer-
sity Charta for Sustainable Development (CRE 1993). The Declaration of Ubuntu
(United Nations University et al. 2002)—created during the World Summit on Sus-
tainable Development in Johannesburg—came out in the next decade, while the
Copernicus Charta 2.0 (Copernicus Alliance 2011), an update of the previous ver-
sion, is even more recent. Let us now look at what these statements consist of and
what they establish.

The Declaration of Talloires is a ten-point document signed in the homonymous
French locality in October 1990 by the dean of Universities from all over the world
summoned by Jean Mayer, dean of Tufts University, and it constitutes the reference
for the subsequent documents. The goal was to bring together academic practices and
sustainable development. The twenty-two deans who initially signed the Declaration
have become more than four hundred over the years, from forty countries spread
across all continents.

The key points of this declaration concern the promotion of an institutional culture
of sustainability, the environmental literacy offered to students of all degree courses,
the interdisciplinary nature of the research, and the need to create partnerships with
stakeholders and subjects from other levels of education.

The University Leaders for a Sustainable Future organization was born from the
samemeeting as the declaration and it is still involved in the sustainability promotion
in academies.

The Declaration of Halifax (December 1991) was the outcome of a conference
held in the Canadian city attended by representatives from thirty-three universities.
The resulting roadmap promotes the integration of sustainable development contents
into academic curricula, encouraging a multidisciplinary approach.

The signatories of this declaration pledged to reinforce the commitment of uni-
versities in promoting the principles and practices of sustainable development, to
cooperate with all other stakeholders dedicated to the cause and to communicate
their own commitment to the whole community.

The Copernicus University Charta for Sustainable Development was released in
1993 by the European Rectors’ Conference (CRE, today the European Universities
Association, EAU). This document includes a handbook on technology transfer, in
addition to the usual institutional commitment, and a call for education, cooperation,
and interdisciplinary approach.

The Kyoto Declaration on Sustainable Development (1993) was promoted by the
International Association of Universities, which highlights the leading role of uni-



“Salomone Sostenibile”: An Award to ‘Communicate’ … 347

versities in pursuing the sustainability strategy. Compared with the other documents
examined up to now, the novelty of this declaration lies in a call for the promo-
tion of sustainable consumption practices and the mobility of staff and students in
operational procedures as a tool for the circulation of knowledge.

The concern sharedbyuniversitieswith theDeclarationofUbuntu (2002) regarded
an underestimation of the usefulness of academic activities for the cause of sustain-
able development. Therefore, delegates requested to take a change in direction, in
particular by integrating sustainability at every level of education, from primary
school to university.

All these statements have at least two points in common: they are lists of absolutely
shareable intentions, even if they are often overlapping, and consider sustainability
almost exclusively from an environmental point of view.

Many universities in Italy and in the world have recently committed to transform-
ing the contents of the various declarations into concrete actions through training
offers, research and Third Mission activities.

One Italian example is the birth of the RUS (Rete delle Università per lo Sviluppo
Sostenibile) which aims to disseminate and promote the 17 Sustainable Development
Goals (United Nations 2015) followed by almost 60 universities. Internationally, the
first edition of the Symposium on Sustainability in University Campuses (September
2017, Sao Paulo, Brazil) was an important event during which many good practices
were illustrated.

4 Ateneo Sostenibile: The Commitment of the University
of Florence

The main activities of the CfGC in the promotion of sustainability deal with partici-
pation in the interdepartmental research unit on sustainablemobility and, above all, in
the Ateneo Sostenibile working group, an initiative coordinated by Prof. Ugo Bardi.
This initiative was born at the end of 2015 with the election of the new University
rector Prof. Luigi Dei.

The first initiative concerns the creation of a website dedicated to sustainability,
called Ateneo Sostenibile (like the name of the working group), with a relative
Facebook page. The site has two main objectives:

• to identify and coordinate communication through research and teaching activities
related to sustainability and its fields of application (energy,waste,water, transport,
etc.) already in place at the university;

• the possibility of triggering virtuous behavior and good viral sustainability prac-
tices by the entire university community (students, professors, employees, stake-
holders).

The website and its preparation phase aimed to set a new paradigm of communi-
cation inside the University. In fact, a working groupwith professors, researchers and
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employees of the University was immediately established on behalf of the different
subject areas.

The CfGC collaborated in the creation of this working group to deal with all
aspects related to communication, education and community building.

The Ateneo Sostenibile initiative addresses both the community of the University
of Florence and the national and international scientific community, aswell as society
as a whole.

Furthermore, theCfGCcollaboratedwith theAteneoSostenibile staff and theClub
of Rome to organize a summer academy in September 2017 entitled “Challenging an
Unsustainable Economic System”, involving students and activists from all over the
world as well as some of the leading international experts such as Jorgen Randers,
Kate Raworth, Kate Pickett, Tim Jackson,MathisWackernagel, Ugo Bardi, and Luca
Toschi.

The formative and informative aspects of theAteneo Sostenibile have been central
from the beginning: a series of seminars was organized in 2016 for the university
with internal and external experts tackling issues of major importance, such as cli-
mate change and adaptation strategies, energy, waste management, accessibility and
circular economy.

“L’impegno di Unifi per la mobilità sostenibile” is another initiative begun in
2017, which sums up the triple objective of communicating, educating, and creat-
ing communities. It deals with an ad hoc page on the Ateneo Sostenibile website,
published during the European Mobility Week. It is possible to download a series of
project files presenting a number of active projects in the field of sustainable mobility
carried out by different researchers at the University of Florence from the page. The
CfGC involved the researchers in a structured process of knowledge management
to write the project files in order to introduce students and stakeholders to the large
number of activities that the university carries out at local, national and international
level.

The Ateneo Sostenibile working group is not just focused on the communication
of sustainability but alsoworks to put into practice communication that is sustainable,
that impacts the life of the members of the university community. Communication
that is able to generate and systematize resources, not just economic ones.

5 The “Salomone Sostenibile” Award: A Generative
Communication Environment

5.1 Methodology

To summarize, we have seen that the university is as an educational and research
institution whose mission is to innovate and spread behaviors, practices, and policies
that graduates will apply in their future lives. For these reasons, it must be at the
forefront of the social, economic, and environmental challenges that await us during
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the 21st century.Among these, the sustainability is central to theEurope 2020 strategy
(EU Commission 2010), which sets as a priority the goal of “smart, sustainable and
inclusive growth”.

In this sense, the university can play a strategic role, driving those that are or should
be the most advanced initiatives able to serve as an example for other social actors.
To achieve this objective, the university must carry on advanced experimentation
of the most virtuous practices of the future, combining education, research, and the
Third Mission.

Thus, it is necessary that the university’s initiatives are not limited to usual prac-
tices but are conceived, designed, and developed according to innovative paradigms.

The CfGC strongly believes in this vision, which it applies on a daily basis to
conceive the object of its research on communication and to then conduct it.

The communicationmodel studied and projects carried out by the CfGC are based
on an innovative paradigm—the generative communication paradigm—a clear alter-
native to the currently dominant paradigm, the so-called hierarchical-transmissive-
emulative paradigm of communication.

According to this latter paradigm, the contents of the communication are already
given elsewhere and the communication must only transmit them adequately to the
recipients, who have a passive role. Instead, adopting the generative paradigm, com-
munication initiatives become environments of participation, sharing the needs and
demands of each stakeholder.

The contents are therefore the result of contribution by all the subjects involved, the
result of a process (the generative process) that the communication itself has helped to
activate, generating dynamics of community building and innovation development.

Communication is the main tool enabling implementation of the university’s mis-
sion, provided that we study and practice communication as an environment where
we can share the experiences, needs, and knowledge of all the members of a commu-
nity of practice (Wenger 1998). If we consider communication as an environment,
it becomes possible to design actions and communication objects, as well as open
the participation and animate a community, while ensuring a learning activity for all
stakeholders.

5.2 The “Salomone Sostenibile” Award

Having defined the methodological framework adopted by the CfGC in its projects,
it is possible to illustrate the proposal elaborated in the field of sustainability, and
specifically the Salomone Sostenibile award.

The Salomone Sostenibile award has the goal of identifying, aggregating and
promoting best practices, the most significant experiences, and the most interesting
research on sustainability and sustainable development; the award includes four
sections (best thesis, best project of a profit company, best project of a non-profit
organization, ambassador of sustainability). The aim is to enhance understanding
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of the complex sphere of sustainability and communicate it to internal and external
stakeholders through the award.

In this sense, a strengthening of relationships is expected among the results, aswell
as exchanges of knowledge with the territory and with its economic, institutional,
and social actors. In other words, the award represents an initiative to implement and
enforce the university’s Third Mission.

The Salomone Sostenibile award can be an effective tool to position the university
as a leader, as outlined in previous paragraphs, by creating a community of interests
between the world of education and research and the economic and associative fabric
of the territory of reference.

The distinctive features of the Salomone Sostenibile award can be expressed with
four keywords: recursion, documentation, education, dissemination. In brief, the
award has not been conceived as a one-shot event, but as a precious opportunity to
activate a generative communication environment. The difference between the two
constitutes the value and effectiveness of the award because it represents an opportu-
nity for all stakeholders involved to build relationships, strengthen knowledge, and
educate themselves to the best practices and most innovative strategies.

Let’s now examine each of the four characteristics of the Salomone Sostenibile
award.

Recursion. This means that the award comes from the belief that it is not a one-
shot initiative but the beginning of a journey, a regular meeting for all stakeholders
interested in sustainability issues. Edition after edition, participants and stakeholders
will be able to generate dynamics of emulation and a deepening of the contents
presented in previous editions.

Documentation. As a result of its recurrence, the award will create a specially
designed environment for its documentation. In this way, it will become possible to
preserve the contents and retrieve them for future use. This latter is themost important
point because it attests to the logic of a documentation environment not oriented
exclusively to archiving, but rather it calls into question the need to design a memory
for the future and a “right of memory” (Toschi 2012). From a practical point of view,
the Ateneo Sostenibile website will provide the environment for the documentation
of the Salomone Sostenibile award. In this way, the contents of the award will be
accompanied by the contents already hosted on the site, which document all the rest
of the activities that the Ateneo Sostenibile working group has given rise to over
time, thus giving give life to interesting new synergies and mutual reinforcement.

Education. In order to ensure the award’s formative value, the CfGC’s proposal
foresees that the prize-winning subjects will hold a lecture about their project or
initiative. In this way the award provides gratification for the winning subjects but,
even more, represents a learning opportunity for all those who participate in the
audience: they will have the opportunity to learn in depth about the good practices
rewarded, and thus can subsequently trigger replication, generate synergies, and
activate community building dynamics.

Dissemination. The lectures, after being submitted to a communicative treatment
and accompanied by the interventions of experts in the field—specially selected and
invited to participate with a contribution—will be disseminated in a publication ded-
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icated to each edition of the award. Over time, the volumes generated will, increase
the documentation of the contents, becoming a learning resource and contributing to
dissemination of the research and projects.

6 Conclusion: The Generative Communication Paradigm
to Redesign the Concept of “Award”

In conclusion, by applying the methodology presented, a communication strategy
has been conceived according to the generative communication paradigm and guar-
antees that the Salomone Sostenibile award is an environment that allows those who
come in contact with it—or simply pass through it—to become stronger as they
learn about the best practices (generative communication is always also formative
communication) and take advantage of the opportunity to create new relationships
(generative communication is always a motor of community building). The award
has been designed as a communication project aimed at community building.

Furthermore, and the award supports development of a network of interests
between the university and the main players in the area in terms of sustainable
development within the territory.

In this way, not only is the concept of ‘award’ itself redefined—no longer just
a gratification for the goodness of past behavior or research which becomes a tool
for training—but also unprecedented relationships and synergies are forged between
the university and the productive and associative fabric of the territory, helping to
strengthen the university’s Third Mission. It is our belief that communication can
provide an important contribution to strengthening the university’s role in promoting
sustainable development.
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1 Introduction

The transition to renewable energy resources and optimization of energy usage is
urgently required in society. This topic needs to be incorporated more effectively
into engineering education programs on university campuses with on-site experi-
mentation and research potential. Currently, the trend in the industry is that future
graduates will have to work in cross-disciplinary teams and take sustainability into
account, and thus it is important for students to obtain the required skills while
they are still undergraduates (Aktas 2015). Traditionally, engineering education has
focused only on the technical aspects of solutions, and the socially important envi-
ronmental and human aspects have not been covered. If engineers do not consider
the environmental and social impact of their solutions, there are very few profes-
sions that have the professional competence to do it for them (Cech 2014). Similarly,
more and more students graduating from disciplines other than engineering need to
understand engineering-related topics and the systemic changes that technological
progression brings about. The role of engineers will be increasingly crucial when
society is aiming to achieve the sustainability and energy efficiency targets set by
governments worldwide (Tejedor et al. 2018). Finding solutions to reach the UN
Sustainable Development Goals is an extensive global effort on which experts from
different disciplines need to collaborate effectively. It is thus vital that students are
taught effective collaboration and communication skills so that they are able to func-
tion in diverse teams and to solve problems by listening to and taking into account
the ideas and needs of others, which may differ from their own, in order to create
successful sustainable solutions (Savage et al. 2007).

Involving engineering students in projects that focus on solving real societal prob-
lems and challenges offers valuable opportunities for students to get practical hands-
on learning. Faculties that research sustainability-related issues, and involve their
undergraduate students in the projects, are helping the students to develop them-
selves professionally because, while doing service to the society, the students are
finding solutions to problems that they will be facing later in their work life (Aktas
2015). A curriculum that covers sustainability-related issues helps engineering stu-
dents to develop their communication and project management skills and develop
cross-disciplinary solutions (Sharma et al. 2017).

Engineering education should help to produce engineers who can rectify current
sustainability problems, and prevent future ones from developing (Guerra 2017).
Departments that work in the facilities of university campuses have an important
function in promoting sustainability research in technical fields, because they have
the required data for research (Aktas 2015). These departments can offer opportu-
nities for students to learn and practice holistic and systemic thinking, to be critical
and to work with real-life situations that promote responsible decision-making and
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professional practice (Guerra 2017). It has been stated that in engineering education
there should be a more action-oriented curriculum, where the pedagogic approach
is student-centered and experiential. Such learning pedagogies as place-based learn-
ing, inquiry-based learning, problem-based learning, discovery learning, case-based
learning, and community-based learning have been suggested as good methods for
giving students more opportunities to be active learners (Steiner and Posch 2006;
Brundiers et al. 2010).

There is a growing demand for education in sustainability and sustainable energy
that stems from the increasing awareness in society that universities will provide
the future technicians and engineers who will be working within the emerging
new technologies, for example in sustainable energy. Those universities that offer
more energy-related education will attract the top students and get industry support
(Nowotny et al. 2017). When introducing sustainability to university curricula it is
important to collaborate with business (Kay et al. 2018). There is also a need for
new study programs that cover the challenges posed by the energy transition—the
problems are by nature multidisciplinary and complex, and the courses cannot be
created in silos presented by single departments or laboratories. The advantages of
cross-disciplinary research and studies are raised in the literature on engineering edu-
cation. However, the cooperation of researchers and students on the same platform
as a result of a bottom-up initiative offers a novel way to test and implement a new
cross-disciplinary educational approach on a university campus.

This paper introduces the process whereby a cross-disciplinary platform was cre-
ated for developing energy-related sustainability research. The process could be used
as an example when developing a multidisciplinary platform for research projects
involving students. At TUT, a Smart Grids Architecture Model (SGAM) framework
was developed and implemented as a part of a research platform in the facilities of the
university campus. The platform offers an environment for developing and testing
different solutions for implementing sustainable energy production and consumption.
For example, on the university campus solar panels are installed on the buildings and
the production and consumption of energy can be tracked with an integrated control
system enabled by Internet of Things (IoT) technology. This paper describes how
the platform was developed from an initial collaboration between a few departments
and later grew as more departments joined. In particular, the platform was designed
to facilitate the boundary spanning competences, i.e., inter- and cross-disciplinary
skills, which are increasingly important to engineering students. To date only a few
studies have investigated this area (e.g., Prince 2004). In the beginning, the col-
laborative effort focused on awareness building among the students by arranging a
student ideation competition. The paper introduces the very positive results of the
competition and concludes with an account of the continuation of the collaboration
between the participating faculties. Ultimately, the collaboration resulted in building
a more permanent platform that offers multidisciplinary project work for students,
together with faculty members and participating companies.
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2 Methodology

This paper describes, in the form of a case study, the process of how a set of ideation
competitions, arranged in 2013 and 2014 for cross-disciplinary project work among
students, led to the creation of a cross-disciplinary research platform. The paper
presents the outcome of the ideation competitions and the consequent setting up and
organization of a research platform between 2015 and 2018 for cross-disciplinary
research on the transition to flexible prosumer-oriented and renewable energy mar-
kets. The findings describe the rationale and design used in the development of the
research platform and how it deals with various real-world layers and challenges. The
conclusions are based on the lessons learned from the challenges faced and successes
achieved in the development of the research platform.

3 The Fresh Ideas Competition (FIC)

The student ideation competition at TUT was implemented during two consecutive
years, in 2013 and 2014. The idea was to create multi-disciplinary groups from dif-
ferent graduate programs in order to have a number of different approaches to the
specific issues. Students were free to create groups, so a group could potentially
have students from only one faculty or from several different faculties. Furthermore,
all groups were given the same problem, but their focus varied based on the disci-
pline. In the competition, the results of each group were analyzed by a specific jury
based on predetermined criteria including, for example, viability of the technical
solutions in practice and business opportunities. There were about 15–20 mostly
cross-disciplinary groups comprising about four students in each competition.

In 2013, the competition was held in collaboration with a large company. There
were three specific cases related to transportation of people and goods: an Electric
Vehicle (EV) charging station, a Series ProducedCharging e-BusStop, and aMultiple
Purpose EV. The students were required to define the business concept, cityscape,
functional design, traffic and information and energy systems. In this competition,
cross-disciplinary groups dominated and the top three groups had students from
different faculties including architecture, business, and electrical engineering.

In 2014, the competition was revised based on feedback from the earlier compe-
tition. This time the competition concentrated on energy efficiency and ecology
in houses, living environments and buildings. Three partnering companies were
included in the jury that selected the winner. Similarly to the previous competition,
cross-disciplinary groups dominated.

The benefit of the ideas of students is that they are not sufficiently familiar with
the current solutions, so they can start afresh and produce completely novel solutions
based on totally new assumptions and thinking. This provides companies with new
perspectives that help them to develop more innovative solutions. Multidisciplinary
collaboration between students and business employees has been found to have a very
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positive impact on the students and their team cohesion, capability development,
satisfaction, and performance, and the company employees also benefit from the
collaboration (Kay et al. 2018).

The FIC competitions were considered an effectivemeans for education purposes,
and an efficient way for external stakeholders to gain valuable input. With these
positive results, the cross-disciplinary groupdecided to proceedwith the development
of a research platform that would contain a truly cross-disciplinary group of domain
experts.

4 Development of the Smart Grids Architecture Model
(SGAM)-Based Research Platform

The cross-disciplinary group of experts first held informal meetings after the com-
petitions to coordinate efforts and plan joint activities. In these meetings, it soon
became evident that the only way to proceed was to have joint projects, which gath-
ered students and researchers together around research topics. Furthermore, it was
considered paramount to have external stakeholders involved in setting the agenda,
ensuring the sustainability and overall relevance of the research topics. Therefore,
the experts devised a research project that was externally funded and involved key
stakeholders from the energy sector.

The four laboratories launched a three-year research project called “Social
Energy—Prosumer-Centric Energy Ecosystem (ProCem)” funded by Tekes (the
national R&D funding organization). The main aim was to study the role of pro-
sumers and the integration of various kinds of distributed energy resources in the
electrical energy system. The IoT-based technology platform has been developed and
demonstrated in theKampusareena at TampereUniversity of Technology (TUT). The
platform enables the study of roles, behavior, needs and requirements of prosumers
and new kinds of business models and ecosystems in a new operational environment.

In this project phase, the platform itself was loosely organized to follow a Smart
Grids Architecture Model (SGAM), where different disciplines represent different
functional layers in the research and education of energy systems (See Fig. 1). The
SGAM consists of five interoperability layers that help to visualize the business
objectives and processes, functions, information models, communication protocols
and components (Keski-Koukkari 2018). TheSGAMframework eases the analysis of
use cases with its graphical representation and enables a detailed and a technology-
neutral way to show the design of smart grid use cases for architectural purposes
(Keski-Koukkari 2018). The SGAM framework was introduced by the Reference
Architecture Working Group for the EU Mandate M/490 (CEN/CENELEC/ETSI
2012).

One task of the project was to add more measurements in a pilot building at the
university campus, namely Kampusareena, which represented the electrical network
of the component layer of the SGAM model. We used next generation smart meters
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Fig. 1 Layers in the future energy markets based on the smart grids architecture model (SGAM)
framework

offering more than 150 measurements over three phases in 100 ms measurement
accuracy. The other task was to integrate these measurements into automation and
data management systems over the information network and systems layer. A data
platformwas developed for the purposes of the research. A commercial IoT platform,
IoT-Ticket, was selected as the core of the platform. Use of that platform allowed
us to create visual dashboards with minimum effort. This visual dashboard could be
used to monitor and run various scenarios that were specified in the function and
business layers.

The data platform was piloted at the university campus and it was used to collect
sensory data from the newest building on the campus. The building was instrumented
with a modern building automation system, which provided massively measurement
positions. All the areas and rooms are equipped with temperature, CO2 and humid-
ity sensors. The automation system also provides information on the controls of
the heating, cooling and ventilation equipment. For research purposes, the building
is also equipped with additional sensors that measure the quality of electricity and
electricity consumption of some devices, such as elevators and heat pumps for air
conditioning. All the mentioned data are collected to the Linux gateway and such
data that can be published are also collected to the IoT platform. Only data that are
private (there are some companies on the campus buildings) are not published. The
arrangement provides an exceptionally comprehensive office building data acquisi-
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tion, which enables students to study how a building should be controlled and what
the characteristics of energy use are in an office building.

Data were collected from several sources and with several sensors, thus we had
to develop a gateway system running on a Linux virtual machine. This gateway
implemented the necessary protocol conversions, data filtering, buffering and sending
to the IoT platform. The datamodel was a key challenge for us. The design of the data
model was driven by the anticipated use, available data and underlying principles of
the IoT platform. The design was an iterative learning process with new data sources
and needs being invented during the project. The cross-disciplinary nature of the
project also added complexity, as the software team did not have prior knowledge
about technical details related to electricity or to the modern energy markets.

The usability and applicability of data can be taken to the next level by data
visualization and analysis. Data visualization, based on the platform data collection
from various sources, was designed to raise public awareness of the use of renewable
energy sources, air quality and the economic aspects of energy use at the university
campus. Easy-to-read statistics can be displayed on large screens at a central location
on the campus. The statistics included, for example, the percentage of solar power of
total energy consumption, CO2 levels in the campus meeting rooms, and savings due
to self-consumption of solar energy. External information sources such as Nordpool
spot energy prices and national weather forecasts, and solar irradiation information
can also be added to further enhance the data interpretation.

Centralized data acquisition to an IoT platform is convenient for direct data refin-
ing and visualization and for post-processing of data for sustainability analysis. How-
ever, real-time analysis, for example for control purposes, has to be implemented on
the component layer due to varying response times to queries over the Web. The
IoT platform provides comprehensive tools for making visualization dashboards and
some tools for data analysis. However, modeling, simulation, control and optimiza-
tion studies, or deep data analysis based on the centralized data, are not possible in
the platform. For this reason, data packages can be imported to external software
from the database by using well-defined queries that utilize the Representational
State Transfer (REST) Application Programming Interface (API) of the IoT plat-
form. To be able to read data packages over the Web, the reader has to know the
URL of the API and the complete data model. To lower the threshold for students
in an undergraduate course, an example code in the form of a MATLAB script was
written and demonstrated in data transfer. The target software type in this particular
course was monitoring and control software, but the structure of the query is simi-
lar, independent of programming language. Queries over the Web always result in a
varying response time, which implies that this data transfer solution is suitable for
post-processing or soft real-time control.

The business layer was not at the center of the platform development process
because the system was built within the university campus, mainly for research and
education purposes. Therefore, the roles and responsibilities of different potential
smart grid actors were conceptually investigated from the point of view of various
disciplines, but not experimented with in practice. Instead, the approach of brain-
storming and developing business concepts, initiated in the FICs, was continued in
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two workshops. In addition to researchers and graduate students from the univer-
sity, members of collaborating companies participated in these workshops. The first
workshop involved brainstorming about business opportunities that could be enabled
in buildings, virtual power plants and microgrids with blockchain technology. The
second workshop looked at harnessing electric vehicles as connected, mobile and
flexible storage resources related to the grid. These workshops were useful in the
sense that they allowed participants to look to the future and explore the elements and
processes that these emerging technologies could bring. The results of the workshops
showed that, while there is a lot of potential in using electric vehicles and blockchain
technology for value creation, there are many uncertainties and risks related to the
monetization of these services. The workshops were designed so that the current
regulatory framework did not pose a barrier to the ideation. However, discussions
also included how a regulation supporting dynamic pricing and wide participation
in energy markets plays an important role in the development of these technologies
and a sustainable energy system. These workshops form a benchmark for future
workshops to be included in undergraduate courses and projects.

The SGAM model enabled the use of a common language for researchers and
students from different disciplines when determining use cases, for example, for
realizing the flexibility of prosumers in the electricity market. These use cases were
used in determining the architecture for the common platform. Furthermore, SGAM
was helpful in directing the efforts of the cross-disciplinary group.

5 Issues and Challenges of the Cross-Disciplinary Team

The challenges of the data model are multidimensional. This was predicted by the
SGAM framework as it highlights the different dimensions involved. Obviously, one
of the first challenges was finding a common language and reducing the misunder-
standings of existing topics between the experts in different fields. It took time to
achieve understanding between the experts on IoT data models (information layer),
energy systems (component layer) and energy markets (business layer), before a
suitable data model could be designed. The designing of the data model required
answers to many questions, such as: What do we need to measure? How precise do
the measurements need to be? How often do we need to measure? Where do we
need to measure? How do we track physical locations to measurements? How do
we need to access the measurement data from the engineering, customer and market
stakeholder perspectives? What kind of legislation is there? In addition, the selected
IoT platform set a template that the data model had to fit into. This required fur-
ther discussion between the experts, as the most obvious solutions were not always
possible to implement, hence the IoT data model experts were not able, by them-
selves, to solve the issues between the IoT platform template and the requirements
coming from the component and business layers. Therefore, we argue that having a
framework such as the SGAMabout the field of research, before diving into the cross-
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disciplinary project, is useful for predicting where and by whom the communication
should happen, and where to expect practical problems to rise.

The virtual research team is distributed across the campus. The researchers and
post-grad students represented different laboratories from three different faculties.
Their work desks were located within their own research groups, which meant that
the project was executed in a distributed fashion. The working cultures in different
research teams were reasonably similar, but the distribution added clear communi-
cation challenges. We addressed these challenges with weekly project meetings, a
common mailing list and collaboration tools based on Confluence Technology.

The cross-disciplinary nature of a project slows its progress. The project team
included people from five research areas. Although the overall goals of the project
required contributions from all teams, research themes—for instance subjects of
ongoing doctoral thesis topics—in individual research groups were separate. This
meant that a lot of discussion was required just to achieve common ground, under-
standing and terminology. For example:

• Experts in the IoT data platform did not understand the technical constraints in
building automation.

• Experts in embedded systems and building automation did not have experience
in the challenges of data modeling required in data platforms used for storing the
information.

• Data usage in traditional automation and control is very different fromdata analysis
used in “big data”-style approaches.

• The information technology team did not have any prior understanding about the
required measurements or electricity markets in general.

In addition, the cross-disciplinary results are difficult to publish in the typical
research forums.

6 Conclusions and Discussion

The research platform has created a smart energy system on the university campus,
combining energy, automation and IT networks with real functionalities used for
simulating the business environment and for research and education purposes. Fur-
thermore, the IoT platform can be used to design open access for students to various
sources of sensor data. This can be used in various technical courses, project courses,
cross-disciplinary problem solving courses, entrepreneurship courses for developing
new innovations, etc.

The cross-disciplinary competitions that resulted in new solutions and innovations
used by the companies were the initial trigger for the practical potential of cross-
disciplinary research and education. This led to the initial interest of professors
from different disciplines in forming a loosely organised group for planning possible
activities and getting to know the expertise in different departments and faculties. In
these discussions, it became evident that a common research platform was needed to
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proceed with joint project applications, where the activities of various parties would
be aligned. Furthermore, the interest of external stakeholders was also considered
vital in these applications. Hence, the platform for cross-disciplinary collaboration
has resulted in multiple projects, conference papers, seminar presentations, journal
articles, courses and opportunities for students to engage in research and cross-
disciplinary teaching.

All this started with a bottom-up process by researchers and teachers in different
fields coming together and starting to investigate opportunities for fruitful collabora-
tion. The collaboration is integratedwith competence-based curriculumdevelopment
that is simultaneously accomplished at the university level and that is coordinated as
a top-down approach, facilitated by the university’s education support team.

When students have the opportunity to participate in cross-disciplinary research
initiatives, they acquire a better understanding of the larger context of problems,
which are closer to the kinds of problems they may need to solve later in their work
life. Furthermore, the student experiences were very positive in terms of learning
boundary spanning skills that deal with topical areas outside of the core engineering
curriculum of the respective subject matters of educational programs. Sustainable
development necessitates the adoption of cross-disciplinary approaches in problem
solving, both from the tools perspective as well as having a cross-disciplinary team
with members from different backgrounds (Aktas 2015).

The research platform we have created for investigating future energy markets
offers an educational environment that provides problem-based learning, inquiry-
based learning, discovery learning, case-based learning, and community-based learn-
ing, all ofwhich help students to develop the skills towork in cross-disciplinary teams
that have complex sustainability-related problems to solve in the energy sector. Nat-
urally, as our empirical context is one case organization, it has numerous limitations
that are inherent in all case studies, such as context specificity, a limited amount of
data by scope and temporal duration, a limited number of stakeholders involved, etc.
Hence, generalization of our findings should be implemented with caution. However,
the process of how the research platform was organized exemplifies the power of the
bottom-up build-up of new practices: the initial positive results from student compe-
titions; experts in different fields showing an interest and willingness to learn from
each other’s competences; loose and interest-based initial organization and planning;
fluent shifting to the formal project planning phase with the aid of earlier informal
organizing; and finally, the execution of projects monitored and verified by external
stakeholders to ensure the relevance of the solutions to industry and business.
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Collaborative Spaces to Foster Education
for Sustainable Development
in a Multidisciplinary Campus
in a Mexican Higher Education
Institution
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Abstract Higher Education Institutions, characterized by multidisciplinary envi-
ronments, offer meaningful opportunities for education and research on sustainable
development. However, the collaborative work to deal with problems on sustainabil-
ity is not as common as it should. Part of the problem lies in the misunderstanding
of the sustainability concept and monodisciplinary approaches. The present study
was built upon a diagnosis on education for sustainability at undergraduate level
at the largest University in Mexico. Particularly, the interest resides on analyzing
perceptions of students and academics on the sustainability concept and the interdis-
ciplinary and transdisciplinary practices. The results illustrate two aspects that are
fundamental to support education on sustainability, (i) strengthening the conceptual
perception, and (ii) stimulating the collaborative interdisciplinary work.
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1 Introduction

Thirty years after the term sustainable development was coined, it remains a concept
of widespread acceptance, but not yet a daily reality within all societies around the
world. Undoubtedly, the emergence of this concept has been an important shift in
the way of understanding the relationship between humankind and nature. However,
the need to achieve a world in which present and next generations may enjoy social
justice, environmental integrity and economic viability remains a priority.

Part of the current issues to solve sustainability challenges lays on the poor under-
standing of all necessary aspects of human-environmental systems. In this case, lack
of knowledge is acting as a limiting factor to make decisions and then inhibiting a
social process of transition to sustainability (Miller 2013).

The pathway for sustainability implies a profound social transformation that
includes academic education in all levels, from basic to higher education, as part
of a social learning process within and beyond Academia (Soini et al. 2018). Uni-
versities have the opportunity to play a key role in the transition to sustainability
by taking part in the global discussion and by introducing the theme into the cur-
ricula, the research agenda and the public policy (Beringer and Adomβent 2008;
Ferres-Balas et al. 2008).

In 1992, theUnitedNationsConference onEnvironment andDevelopment defined
education as a central force to forge a global sustainable development. Working on
the needs of education for sustainability remains an unavoidable task that requires
international and local commitment from individuals and organizations.

In 2002, the United Nations General Assembly (UNGA) proclaimed the Decade
of Education for Sustainable Development 2005–2014 to mobilize the educational
resources around the world in order to achieve a more sustainable future. Its objec-
tive was to integrate the principles, values and practices of sustainable development
into education to deal with issues such as global warming, natural disasters pre-
vention, biodiversity conservation, end of poverty, and sustainable consumption and
production. Following this decade, the UNGA adopted the post-2015 development
agenda: Transforming our world: the 2030 Agenda for Sustainable Development,
which included the 17 Sustainable Development Goals (SGD). The Agenda urged
Universities to stimulate actions in areas of critical importance for humanity and the
planet in order to support the implementation of the SDG’s (UNESCO 2017).

Based on the 2030 Agenda, the Higher Education Sustainability Initiative tar-
geted universities to integrate sustainable development principles into their core mis-
sion (United Nations 2018). As a result, four specific strategies were proposed: (1)
teaching sustainable development principles across all disciplines, (2) encouraging
research and dissemination of sustainable development knowledge, (3) establishing
programs to become green campuses, and (4) engaging and sharing information with
international networks. To support these strategies universities must find new ways
to generate knowledge and to make organizational changes along sustainability.
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In the Latin America (LATAM) region, the implementation of sustainability prin-
ciples is delayed by social and economic contexts that are crucial to foster novel
processes of knowledge production and to transfer benefits to the society (Kates
2011). Higher Education Institutions in LATAM have fostered research on sustain-
ability and sustainable development by creating graduate programs on sustainability
science (UNESCO 2007, 2018). However, the construction of a learning process that
incorporates systematically sustainability science thinking in education has still a
long path to run. Since some Universities in LATAM have only few professors with
sustainability expertise, their priorities are training the academic staff and build-
ing networks with other universities to exchange experiences (PNUMA and UCAA
2014).

InMexico, theNational AutonomousUniversity ofMexico (In Spanish:Universi-
dadNacional Autónoma deMéxico: UNAM) is one of themajor universities that have
implemented specific initiatives to promote education for sustainable development;
for instance, a graduate program in sustainability sciences.

These initiatives from University campuses in Mexico represent a starting point
where the principles for a sustainable development may translate into practice. In
addition,Universities need to strengthen collaborativework schemes in order to solve
problems within an inter and transdisciplinary frame.

A collaborative approach to deal with problems on sustainability is not as common
as it should. Part of the problem lies in the misunderstanding of the sustainability
concept, monodisciplinary methodologies and lack of resources. In the LATAM
context there is a lack of studies that investigate the challenges and opportunities for
collaborative work on sustainability in Higher Education Institutions.

Collaborative work for solving sustainability related problems is a baseline from
where Universities should start incorporating sustainability principles in order to
advance on the implementations of the SDGs. Therefore, the present study builds
upon a diagnosis on the level of development, challenges and opportunities for collab-
orative work at the National School for Higher Education-Leon (in spanish: Escuela
Nacional de Estudios Superiores-León: ENES-Leon) Campus of UNAM. The analy-
sis focused on the perception of students and academics about the sustainability con-
cept and interdisciplinary and transdisciplinary practices to create a campus interface
for collaborativework on sustainability. Organizational support to build collaborative
work was also examined.

2 The Case Study of Collaborative Work for Sustainability
at ENES-Leon Methodology

1. Sustainability concept and characteristics of collaborative work.

A systematic literature review was performed in order to establish a framework
from where the level of education in sustainability and collaborative work could be
assessed within ENES-Leon.
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2. Examination of the curricula on sustainability at ENES—Leon.

An examination of the curricula on sustainability was carried out by gathering infor-
mation from the current educative model at the ENES-Leon campus. Vision and
Mission statements were revised and the current work plan (2017–2021) was con-
sulted to identify specific actions for sustainability. Additionally, two interviewswere
held with governance personnel (director and academic secretary) to ask for infor-
mation on (i) the importance and direction of sustainability in the campus based on
the current educative model, (ii) the perception and needs for collaborative work, and
(iii) the participation from students and academics in multi, inter or transdisciplinary
initiatives for sustainability.

3. Evaluation and diagnosis of the current state of collaborative work on sus-
tainability.

We conducted a diagnostic protocol in order to gather information on the context of
campus sustainability. The information was collected during two short workshops
that took place on the ‘SustainabilityWeek’ held onApril 2018.We established teams
of professors and students, respectively, with a multidisciplinary profile and basic
knowledge of sustainability, that included the following disciplines: Agrigenomics
Sciences (two professors), Agricultural Business Management (one professor and
three students), Industrial Economics (one professor and one student), Territorial
Studies (two students and one professor), Intercultural Studies on Development and
Management (one professor and two students), Dentistry (one professor and two
students) and Mathematics (one professor)

The workshop was developed by the authors and included three aspects of sus-
tainability: (i) conceptual perception, (ii) problem solving teamwork, and (iii) chal-
lenges and opportunities for collaborative work. With these three aspects the aim
was to answer these questions: What is the current knowledge about sustainability
among ENES community? How different disciplines currently collaborate on solv-
ing sustainability related problems?What are the strengths and resources available to
collaborate? What are the needs and challenges to establish further collaborations?

The team dynamics were observed, and the results were analyzed and described
by the authors.

3 Results

1. Sustainability as a conceptual base for collaborative work

Based on the current status quo in sustainability, we have gathered information from
literature and from our own experience to define a set of characteristics that integrate
the concept of sustainability. These characteristics are listed in Table 1.

There is not a unique definition of sustainability, but the academic efforts have
beendirected to define its conceptual scope.Miller (2013, p. 283) identified twomajor
concepts. The first one defines sustainability as part of a general normative frame
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Table 1 Conceptual aspects and interdisciplinary work for sustainability

Conceptual aspects of
sustainability

Approach Goal oriented, process
oriented

Dimensions on sustainability Environmental, economical
and social pillar

Methodology approach for
sustainability

Multi, inter or
transdisciplinary

Actors involved for
sustainability

Society, Industry, Academia
and Government

Characteristics of
interdisciplinary work

Collaborative work Participation of relevant
disciplines
Establishment of team
leadership
Well defined tasks and roles
Strong engagement
Conflict solving strategies

Definition of sustainability
problem

Joint understanding and
definition of the sustainability
problem
Well established project
objectives
Common methodological
framework

Solution Solution integrates all views
and expertise

University initiatives Social role of Universities Co-production of knowledge
with stakeholders
Providing technical and
practical support and
solutions
Advice policymaking process
Understanding, evaluating
and influencing policy

Ways to implement actions Dissemination of knowledge
Actions to promote social
impact
Integration of sustainability
into university programs
Create partnerships to find
solutions

Adapted from Soini et al. (2018), Miller (2013), Lang et al. (2012), Kates (2011), Ferrer-Balas et al.
(2008), Beringer and Adomβent (2008), Hopwood et al. (2005)
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for “meeting current human needs while preserving the environment and natural
resources needed for future generations” (WCED 1987). At the core of this view,
sustainability is a goal seen as a concern about the effects of human activities on the
planet’s capacity to support well-being for both current and futures generations. In
consequence, sustainability acquires a temporal dimension in which changes for a
better future come from an appropriate decision-making process. The second concept
notes that sustainability is a process of social transformation (Miller 2013). In this
process, geographical and cultural context may play a crucial role for sustainable
development.

The understanding of sustainability has influenced the research and education
agenda in universities. Some authors address that sustainability research should focus
on understanding the interactions between natural and social systems within local
and global conditions (Kates 2011). This approach comes from the usual model of
sustainable development based on three separated but connected systems; social,
natural and economic systems.

In contrast, other authors support that sustainability is as a problem-oriented field
(Miller 2013;Lang et al. 2012;Kates 2011). This perspective emphasizes the practical
role of knowledge in society and its transformational effect when it is linked to action.

Universities around the world have implemented different measures to solve sus-
tainability related problems, i.e. the improvement of curricular profiles, the modi-
fication of organizational schemes (among academic personnel) or the redesign of
physical facilities for sustainable campuses. Despite these (and other) initiatives, the
results frequently derive on isolated projects or temporal impetus to reduce the eco-
logical footprint. Therefore, to maintain a sustainable agenda the initiatives must be
systematic, institutional and integrative based on well-defined sustainability goals.
Keys aspects to create these initiatives are innovative ways of knowledge generation
and decision-making processes where interdisciplinary input is fundamental.

Interdisciplinary collaboration offers meaningful opportunities for education and
research on sustainable development from holistic and comprehensive perspectives.
Education oriented on conducting interdisciplinary education may help students to
develop skills to deal with the complexity of real problems. This includes a variety of
conditions and interactions with academic and non-academic stakeholders inside and
outside the Academia (Ferrer-Balas et al. 2008). However, this educational approach
on sustainability is not as common as it should.

A common component of interdisciplinary practices is the creation of collabora-
tive teams. In this context, participants define the problemand formulatemethodolog-
ical frameworks to generate knowledge and integrate solutions (Lang et al. 2012).Key
characteristics of interdisciplinary collaboration include, among other aspects, the
participation of relevant disciplines, the establishment of team leadership and the
formulation of protocols for solving conflicts (Table 1).

Furthermore, interdisciplinary teams can provide the basis for other organizational
structures of transdisciplinary work with non-academic stakeholders. These non-
academic stakeholders contribute with values and interests, legitimacy, ownership
and accountability for the problem and support for solutions (Lang et al. 2012).
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Inter and transdisciplinary collaborations require new types of organization, cul-
ture and communication among members of academic communities (Soini et al.
2018). The dominant trend focuses on curriculum initiatives and operational trans-
formations to build green campuses (Beringer and Adomβent 2008). Teaching on
sustainability has become mandatory in many disciplines, particularly, on the social
and natural science fields. On the other hand, green campuses initiatives aim at
reducing environmental impact or using campuses as living laboratories for research
and teaching activities. Other initiatives integrate students into projects that aim at
improving local communities (Ferrer-Balas et al. 2008). Other tasks include sustain-
ability outreach and development of sustainability guidelines for the society.

Based on the literature review, a framework to evaluate the status of education for
sustainability was developed (Table 1). These aspects were used to create the inter-
views and workshops where members of the ENES-Leon community participated.

2. Academic offer in sustainability at the ENES-Leon Campus

ENES-Leon campus opened in 2011. Its creation was part of a decentralization
initiative from the main campus of UNAM in Mexico City to respond to the social
and economic demands in Guanajuato, one of the most dynamic industrial regions
in east-central Mexico. UNAM is the most important public research university in
Mexico. It is the largest university in Latin American and ranks 122nd in the QS
World University Rankings 2018 (QS Top Universities 2018).

ENES-LeonCampuswas considered to be environmentally friendly from its foun-
dation. In 2013, governance authorities launched the initiative “Sustainable Campus”
to implement actions for a green campus and to encourage environmental values
among the university community. As a result, energy saving technologies, drinking
water fountains and bicycle stations were installed. In addition, a bi annual confer-
ence on various subjects related to sustainability is held since 2016. Despite these
initiatives, the campus still lacks an institutional program for sustainability.

The ENES-Leon campus was conceived as a multidisciplinary unit. It offers eight
undergraduate programs in social, economic, biological and health science fields. The
educationmodel was built on a constructivist approach, where students are at the core
of the teaching-learning process. Themain educative strategy focusses on a problem-
oriented learning. This methodology seeks students to develop critical thinking and
interest in self-learning. It begins with the identification of real problems as part
of a reflexive analytic process, in which solution options come from collaborative
work (Hirose et al. 2015). In this model, professors facilitate the learning process by
motivating students to be proactive and autodidact.

The current curricula at the ENES-Leon campus includes sustainability, sustain-
able development and sustainability issues, such climate change, agroecology, and
renewable energies. The specific academic offer is summarized in Table 2; it was
divided in two groups based on the contents of the courses. The first group includes
undergraduate programs with a robust offer in sustainability, such as agrigenomics
science, agricultural business management and territorial studies. They concentrate
mandatory and optional courses, where the concept of sustainability is studied and
its application into a specific discipline is analyzed. Interestingly, optional courses
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Table 2 Courses on sustainability

Undergraduate programs with robust instruction in sustainability

Academic program Course

Agrigenomic sciences Agroecology and sustainability (MC)
Climate change (OC)
Bioethics (MC)

Agricultural business management Sustainable development (MC)

Territorial studies Natural resources and environmental sustainability (MC)
Climate change (OC)
Sustainable development and territory (MC)
Sustainability assessment (OC)
Sustainable management of territory (OC)
Environmental policy (OC)

Open courses for all programs Sustainability for enterprises
Renewable energy
Development of sustainable communities

Undergraduate programs with notions on sustainability

Academic program Course

Intercultural studies on development and
management

Society, culture and environment (MC)

Industrial economics Environmental economics (MC)
Economy and energy (OC)
Systems for environmental improvement
(MC)

Mandatory course (MC), optional course (OC)

are available for all students from other disciplines. The second group encompasses
programs where courses with notions on sustainability are offered. Sustainability
courses are not included in the curriculum of health science disciplines (Dentistry,
Optometry and Physiotherapy).

Authorities were also asked about how to tackle sustainability issues, within and
outside academic boundaries. The Director and the Academic Secretary agreed that
collaborative work might be a powerful tool. Particularly, multidisciplinary teams
could contribute to effectively analyze and integrate proposals. It was mentioned that
collaboration is common for health disciplines, but not for social science disciplines
and that it also depends on the academic interests.

Furthermore, they considered that students should feel free to present initiatives
and that professors should lead the projects. From their perspective, governance
personnel may be a key stakeholder, making sure that proposals are within the insti-
tutional frame and providing resources.
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3. Students showed proficient understanding of the sustainability concept and
demonstrated an organized and collaborative approach to solve sustainabil-
ity related problems

Bachelor students expressed a consistent understanding of the sustainability concept
and perceived that sustainability issues could be tackled from different perspectives
and disciplines.

Students from different disciplines participated in a small workshop that was
designed to investigate the perception about the feasibility on conducting collabora-
tive research for sustainability projects.

Based on a self-developed questionnaire about conceptual perception on sustain-
ability, the students were asked: (1) what does sustainability mean for you? And do
you believe it is important and why? (2) what is the scope of sustainability (based
on the topics that it can address, or what kind of topics can be addressed based on
sustainability)?, (3) name three examples of problems related to sustainability, and
(4) who may be responsible or capable of solving sustainability problems and why?

The aspects that were evaluated are listed in Table 1 and a summary of the results
can be consulted in Supplementary Table 1. Students from all the disciplines consid-
ered sustainability a process, i.e. a series of tasks, projects and initiatives that have to
be implemented in the present to follow a sustainable development. In other words,
it is something that must be done now and must be continued.

In terms of the sustainability dimensions, the students showed consensus on that
sustainability conveys economical, social and environmental aspects. They referred
that dimension must be balanced to satisfy needs without compromising natural
resources.

In addition, students mentioned several problems that might be tackle by sus-
tainability and were grouped into these general topics: intergenerational justice,
economics, social welfare, environment, migration, transport, energy, waste man-
agement and health. Within the topic economics, there were many aspects addressed
by the students. For instance, economics involved efficiency, development, equality,
circular economy, etc. Moreover, participants were able to delimitate sustainability
problems such as habitat loss (mangroves), waste management, water management,
climate change, poverty, migration, antibiotic resistance, greenhouse gas emissions,
green energy, rational use of agrochemicals, technological obsolescence, pollution
(plastic, water, etc.).

Studentswere convinced that the participation of all the people is crucial to achieve
a sustainable development. Specifically, all the people affected by current problems
together with actors from the government, the academia, the industry, both from
private and public sectors.

During the small workshop, students build upon collaborative work and defined
a clear action plan. In terms of team organization, students quickly defined roles to
tackle a well-defined problem. A leader guided the discussion in a very equitable
fashion, where all participants showed understanding of the problem and expressed
ideas to solve it from their own discipline’s perspective.
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4. Professors showed a sufficient conceptual understanding on sustainability
and revealed obstacles for collaborative work to solve sustainability related
problems

Professors participated in a workshop as described for students. Regarding the con-
ceptual perception on sustainability, professors perceived sustainability as a process
to achieve sustainable goals.However, the perceptionwas implicit not explicit.Mean-
ing that professors have a general concept but less understanding of the characteristics
of sustainability. For instance, their perception on sustainability was skewed towards
environmental problems. Although, some professors mentioned that political and
economical factors were important.

Similar to students, professors mentioned several problems that could be tackled
by sustainability, for example: natural resources management, waste management,
green energy, transport, economic equality. Moreover, they mentioned everybody
must be involved in solving sustainability issues, comprising, society, government,
industry and academia. They also emphasized the role of non-government organiza-
tions and private industry.

Professors also participated in the small workshop that aimed to define an action
plan to solve a sustainability related problem. Although the participants were very
active, there was not a clear definition of the problem or leadership. The group
dynamics failed on equally engaging all the participants and not all of them could
define where their participation and expertise was needed.

Despite the difficulties in developing an action plan to solve a specific problem,
professors were very accurate pointing at the skills they teach and promote in their
students that could be applied on solving the problem. From mathematics, students
could learn about risk assessmentmodels, literature review to apply knowledge based
on successful examples. For Agricultural business management, students could learn
and apply principles of circular economy for waste management. For Agrigenomics
sciences, students could participate in land recovery by restoring the population of
beneficial microorganisms in the soil. From the public health Department, students
could develop protocols to assess the consumption pattern of a region to reduce waste
production. Finally, students from Territorial studies could contribute to a proper
ecological land planning and Intercultural management students could implement
workshops about environmental education.

5. Collaborative spaces/platforms in ENES-León.

Based on the results of the sustainability workshop, students and professors were
asked to state characteristics for a suitable collaborative space, i.e. space that would
facilitate the exchange of knowledge and professional discussions to solve sustain-
ability related problems.

First, the majority of students were not able to identify the existence of a collabo-
rative space at the ENES-Leon. But, there was a consensus on that it would be needed
and that it could contribute to increase the participation of the university community
in sustainability topics.

Regarding the characteristics of a collaborative space, students mentioned that it
can either be a physical or a virtual space. Some studentsmentioned that open courses
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on sustainability could work as a collaborative space for sustainability projects.
Others considered that it should be a laboratory, where all students can find a space
to discuss and to solve sustainability problems.

Professors mentioned that there is not a suitable collaborative space for interdisci-
plinarywork in the campus. However, they showed a preference for a virtual platform
where information about ongoing projects (internal and external) and grants could
be shared. Furthermore, they pointed out that a virtual platform could be utilized as
an interface to work on projects.

4 Discussion

We have conducted a diagnosis on the level of development, challenges and opportu-
nities for collaborative work at the National School for Higher Education-Leon with
the aim to support the implementation of sustainability principles. The results are
based on a homogenized framework for the sustainability concept and the charac-
teristics of collaborative work gathered from literature and the authors perspectives.
This framework was used to evaluate (1) the curricula on sustainability and the sub-
jects that contain sustainability topics in their syllabus, and (2) the perception on
sustainability and collaborative work among students and academics.

The common framework, described in Table 1, was an important starting point
because there is not a unique sustainability definition. This scheme was the basis
from where we evaluated existing status about the perception on sustainability and
the level of collaborative work.

In the current work plan and educative model, sustainability is an implicit subject
in the curriculum, but the teaching process fails providing the tools to translate the
concept into practice. The University mission states that students should develop
environmentally friendly habits. Therefore, having a green campus is desirable to
create settings where all students can learn sustainability values and attitudes. It is
expected that they transfer new habits to their families to encourage positive changes
in their communities. This perspective is important but is only taking into consid-
eration the environmental dimension of sustainability, disregarding the social and
economic dimensions.

Different activities have been launched to foster sustainability in the campus, but
the current work plan lacks specific objectives for sustainability. In consequence,
ongoing initiatives in the campus are unarticulated and unclear period.

One of the key foundations of educative model at ENES-Leon relies on the devel-
opment of problem-oriented learning strategies that, in turn, could enhance collab-
orative teamwork to solve real problems related to sustainability. Indeed, students
showed a proficient understanding of the sustainability concept, despite of not hav-
ing a strong education on sustainability. It would be important to study the factors
that have contributed to the student’s self-consciousness on sustainability issues, for
instance, “environmental/green trends” among youth.
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Interestingly, students from all disciplines considered economics and natural
resources important topics for sustainability. Their understanding of the sustain-
ability concept showed emphasis on human-environment interactions.

An agreement on the sustainability concept and its characteristics is a positive
attribute that facilitates fluent communication among students to create an effective
interface for collaborative work. Other authors have mentioned that collaborative
work can detonate positive circles for dealing with sustainability. Accordingly, stu-
dents also showed to be efficient in interdisciplinary collaborative work. A clear
leadership was a fundamental aspect to success. The skills showed for a successful
interdisciplinary work could become the basis for transdisciplinary collaborations.
Interestingly, students mentioned that social participation is key to the success of
sustainability projects.

In contrast, professors showed a sufficient understanding on sustainability albeit
restricted to their field of expertise. Such aspect can discourage fluent communication
based on a common reference frame for sustainability projects.

Regarding collaborative teams, workflow was slow among professors and there
was not a clear leadership. Interdisciplinary collaboration should foster exchange
experience among experts; however, clear leadership is required to ensure a fluent
exchange process. It might be interesting to evaluate what are the conditions that
trigger collaborative work among academic staff and whether an external influence
may enhance interdisciplinary collaborations.

The need for a collaborative space was expressed but there was no consensus
on its kind and characteristics. A collaborative space could be physical or virtual.
More importantly, it may be seen as a space of convergence in multiple levels, for
both students or professors, where they collaborate in common projects to solve
sustainability problems.

Finally, the findings point out towards a progress on implementing sustainability
principles by promoting knowledge and collaborativework. Importantly, resultswere
obtained from members of ENES community that had a prior basic knowledge on
sustainability. This was designed on purpose in order to start from a directed objec-
tive (sustainability principles). The purpose of stablishing these campuses interfaces
follows the principle of using the existing knowledge and enhancing a collaborative
work approach to solve sustainability related problems.

5 Conclusions

This study has described a conceptual framework on how to understand the con-
ceptual aspects of sustainability and its links to collaborative work. Sustainability
involves a paradigm shift towards new schemes that transcends the traditional dis-
ciplinary approach. Therefore, education for sustainability urges the involvement of
students and academics in new schemes of collaboration to translate principles of
sustainable development into practice.
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This work has intended to identify key aspects that can contribute to effective
collaborative work at Higher Education Institutions. First, multidisciplinary envi-
ronments offer meaningful opportunities for education and research on sustainable
development.

The case of the ENES-Leon campus illustrates two aspects that are fundamental to
create collaborative groups towork on sustainability: (i) strengthening the conceptual
perception, and (ii) stimulating the collaborative interdisciplinary work. Regarding
the first aspect, clarity on conceptual perception on sustainability contributes to fluent
communication among the members of collaborative groups. It builds a basic frame
of understanding despite of the disciplinary backgrounds. To address the second
aspect, a key lesson is the need of establishing a leadership. An explicit incorpora-
tion of sustainability principles and objectives into the core mission and vision of
the ENES-Leon is pivotal to stimulate collaborative groups. Next, a clear strategy
must be defined to translate intentions into well-articulated actions. Finally, it will
be important to propose projects that would enable a common frame for collabo-
rations where the governance authorities would provide the optimal conditions and
resources. Enabling a common frame for collaboration may be the toughest aspect
to awake interest among students and academic staff.

Each Higher Educations Institution may need to transform their forms of col-
laboration before starting changes in facilities. The creation of a virtual space for
collaborations can be an alternative to stimulate collaborative work. Yet, further
investigation should be conducted to determine the most suitable model based on
virtual platforms for collaborative work on sustainability at the ENES-Leon campus.
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Moving Toward Zero Waste Cities:
A Nexus for International Zero Waste
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Abstract Waste, is one of the most challenging and complex problems confronting
human communities today. Studies indicate that significant improvement in global
waste management systems is needed in order to avert a worsening public and
environmental health emergency. The global zero waste movement exists within
the spectrum of contemporary reaction and response to the growing sense of crisis
and urgency around waste issues. The theory of zero waste reconceptualises, waste
as a resource, which must be conserved, used efficiently and cycled back into the
economic system. Zero waste seeks to assertively redirect the focus of society’s
innovation, investment, education, R&D and government, business and community
policies and programs away from value destroying ‘burn-bury’ disposal practices.
In this sense, zero waste is strategically controversial in challenging society’s dys-
functional and wasteful status quo, as well as the vested interests, which promulgate
and profit from this. The international zero waste movement demonstrates alterna-
tive approaches, which have a positive track-record of cost effectively addressing
waste issues and supporting the innovation required to transition towards a circu-
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lar economy and more sustainable forms of development. Emerging case studies
from within industry, community and city contexts, demonstrate that zero waste
approaches are framed in a continuum of learning and evolution and can be suc-
cessful, scientific, measurable, a good economic investment, socially and culturally
beneficial and democratically popular. However, it is also recognised that these pos-
itive indicators, are just the precursor of the level of transformational leadership and
innovation, which is required in future across spheres such as: policy, programme,
technology, education, research and product design, in order to realise the future
zero waste city concept. Recognising the phenomenon and positive challenge of
zero waste, a cluster of universities/organisations are seeking to catalyse a nexus
for international zero waste academic collaboration (NIZAC). The core objective of
NZIAC is to facilitate education and research to drive progress towards future zero
waste cities, which are critical to realising the concept of a circular global economy
and to addressing the interrelated challenges of climate change and sustainable devel-
opment. A key strand in the discussion and experience informing the development of
the NZIAC, is the opportunity of ‘living labs’ research theory and practice to support
the co-generation of innovation in a ‘university and host city—community’ context.
This paper seeks to provide an overview of relevant research theory, the background
experience of project partners, the formative consultation and collaboration process
and outcomes to date in exploring the proposed ‘nexus for international zero waste
academic collaboration’ (NIZAC).

Keywords Waste · Zero waste · Circular economy · Living labs · Future cities ·
Climate change · Sustainable development

1 Introduction

Historically, universities have been envisaged as performing a transformational role
in support of the greater public good, through educating and hosting future leaders of
thought and praxis through a formative period in their lives (Lozano et al. 2013). In the
decades following the first United Nations Conference on the Human Environment
(UNCHE-1972), the challenge of responding to sustainable development as a key
global imperative, can be recognised as a meta-trend, powerfully influencing the
higher education landscape (Beynaghi et al. 2016).

As a consequence, the transformational potential of what is variously understood
as environmental education for sustainable development (Mulder et al. 2015; Tilbury
1995) has also been attributed through universities’ outward linkage and collabora-
tion with the spectrum societal institutions (Beynaghi et al. 2016). Conceivably, this
is why the importance of universities’ local/regional outreach, relational influence
and the opportunity for campus operations to serve as a model sustainable commu-
nity, is also now recognised alongside the core functions of education and research
(Lozano et al. 2013; Stewart 2010).
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However, universities are also cited as sometimes embedding and even accel-
erating unsustainable development, in for example, the instance of promulgating
outdated, unbalanced, mono-disciplinary, econo-centric graduates, without a neces-
sary grounding in natural eco-system realities (Lozano et al. 2013; Trencher et al.
2014). This dichotomy gives rise to an emerging contemporary ambition for univer-
sities to now aspire beyond the ‘third mission’ of ascendant economic wellbeing,
to include the co-creation of environmental sustainability, throughout the academy’s
societal matrix (Beynaghi et al. 2014; Karatzoglou 2013; Trencher et al. 2014)

Despite of considerable uptake and progress, education for sustainable develop-
ment (ESD) is still asserted as remaining a key global imperative (Filho et al. 2015;
Karatzoglou 2013; Trencher et al. 2014). The United Nations Decade of Education
for Sustainable Development (UNDESD 2005–2014), outlined the critical role for
higher education and encourages proliferation, innovation and optimisation of ESD
initiatives (Filho et al. 2015; Littledyke et al. 2013). Affirmation for the continuing
pursuit of global sustainable development can be recognised in the (re)setting of, the
high level Sustainable Development Goals (SDG) by the United Nations and also in,
the plethora of ongoing and evolving activity within Higher Education Institutions
(HEI), which seeks to continue to progress the aspirations of the UNDESD in the
subsequent 2015–24 time period (Beynaghi et al. 2014, 2016). Various, related decla-
rations (i.e. Talloires), charters (i.e. Copernicus), ratifications and partnerships retain
currency and continue to be recognised as an important indicator of and prompt
for, universities’ commitments to foster transformational sustainable development
(Adlong 2013; Lozano et al. 2013).

As was highlighted in the thematic spectrum of the ‘Future we Want’, Rio+20
outcome document and follow-on processes, sustainable development encompasses
a range of interrelated work areas across social (and cultural), environmental and
economic foci (Beynaghi et al. 2014, 2016; Filho et al. 2015; United Nations 2012).
In respect of this paper, points of linkage can be recognised as: sustainable human
settlements/cites, sanitation/chemicals/waste, as well as, the construct of built and
natural spaces functioning as a ‘living laboratory’ for learning about sustainability
and co-creating and trialling responsive technologies (Beynaghi et al. 2016; Nevens
et al. 2013). Amongst the opportunities envisaged for universities as facilitators of
ESD are, subject specific research and teaching centres which, reflect integrated,
practically orientated approaches and positively influence their local community
and wider society (Littledyke et al. 2013). Researchers seeking to understand key
motivators for student and staff performance in ESD, identified1: 1—real-life con-
nection, 2—personal choice and self-fulfilment, 3—self-organisation and autonomy
and 4—learning situations which are reflective of professional settings and roles
(Mulder et al. 2015).

Today a variety of contemporary living labs approaches and experiences are
reported as exploring opportunities for progress in the (zero)waste, public/private
sector, city/region ESD nexus (Hannon and Zaman 2018; Konsti-Laakso et al. 2008;

1Interestingly, from the perspective of this paper, the ‘UPC-Barcelona Tech: Living Lab—LOW3n’
provided one source of data for this evaluation.
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Nevens et al. 2013; Santally et al. 2014). It is also important to recognise that the
aspiration for partnership between universities and their host city/communities to
enhance the quality and outcome of education for sustainable development (ESD),
is situated at the genesis of living labs, as a research and development construct.
This genre of living labs can be recognised as still residing within the wide thematic
gamut of living labs research (Molinari and Schumacher 2011; Schumacher 2013).

A core attribute of this model of living lab is illustrated in the seminal quote,
which highlights the value proposition for all stakeholders in delivering: “a win-
win situation for the university and the neighbourhood. The university students gain
such things as the opportunity to apply problem skills to real problems, the oppor-
tunity to learn while performing a real service, and the opportunity to write reports
for directly involved individuals. The community gains a new, no-cost resource that
offers a neutral forum for conflict resolution and can provide high quality analyses”
(Bajgier et al. 1991). Decades on, the education, research, campus test-bed, demon-
stration and outreach, aka potential ‘living laboratory capacities of universities, is
still being recognised as providing a unique opportunity for generating innovation
and transformational leadership in the university-city nexus, across the interrelated
spheres of sustainable development (Hua 2013; Kasemir 2013; Robinson et al. 2013).

This paper employs a rudimentary case study methodology to report on back-
ground (the Zero Waste Academy, ZWA-LL est. 2002–ongoing) and early stage
engagement (specifically the Brazil–Australia–Italy–Nepal–NZ) and activities under
taken to develop a ‘nexus for international zero waste academic collaboration’
(NIZAC). The core objective of the participating cluster of universities/organisations
seeking to foster the NZIAC, is to facilitate education and research, which supports
progress towards future zero waste cities, which are critical to a circular global econ-
omy and addressing the interrelated challenges of climate change and sustainable
development (Hannon and Zaman 2018; Lehmann 2011a, b; Nevens et al. 2013;
Zaman and Lehmann 2011b). A key strand in the experience and discussion inform-
ing the development of the NZIAC, is the opportunity of ‘living labs’ research the-
ory and practice to support the co-generation of innovation in a ‘university and host
city—community’ context (Beynaghi et al. 2016; Evans et al. 2015; Kasemir 2013;
Konsti-Laakso et al. 2008; Nevens et al. 2013).

This paper seeks to provide an overview of relevant research theory, the back-
ground experience of project partners, the formative consultation and collaboration
process and outcomes to date, in exploring the proposed nexus for international zero
waste academic collaboration (NIZAC).A foundation for this discussion has been the
formative work (Mason et al. 2003;Mason et al. 2004) and the experience of the Zero
Waste Academy (ZWA-LL), at Massey University in New Zealand. The structure
and experience of the ZeroWaste Academy demonstrates resonancewith elements of
the discourse, research and practice reported around ESD (A Beynaghi et al. 2016).
The ZWA-LL involvement in education, research and industry community extension
for zero waste and sustainable development (framed within university—host city
partnership) is most effectively interpreted (and enhanced), when examined through
the lens of ‘living labs’ research theory and practice (Hannon and Zaman 2018).
In seeking to identify and contribute an additional new strand of experience to this
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sphere of discourse, the authors recognise significant limitations with the early stage
and rudimentary nature of the NZIAC experience, as a case study. However also that,
this reporting functions as a necessary part of connecting with and inviting learning
conversations, with the objective of reviewing and enhancing our ongoing approach
(Karatzoglou 2013).

2 Transitioning from Waste → Zero Waste

Today numerous indicators point to waste being a critical global environmental
issue, with interrelated human health and socio-economic implications (Hoornweg
et al. 2012; Mavropoulos et al. 2015). The environmental and social consequence
of our failure to effectively manage waste, is evidenced in some of most polluted,
poverty stricken, dangerous and marginalised places of habitation/vocation on Earth
(Mavropoulos et al. 2015, 2017). Relative to the scale of crisis and the theoretical
convention expressed in the ‘waste hierarchy’, globally, conventional waste man-
agement has made limited progress across key levels of the described priorities for
management practice (D-Waste 2013; Hannon 2015; Hannon and Zaman 2018; Wil-
son et al. 2015a).

Forecast trends in population, urbanisation, affluence, consumption and technol-
ogy, heightened by accelerating climate change impacts, appear set to exacerbate
global wastes issues (Mavropoulos 2010a, b, accessed 2014), elements of which are
already being described as a “global health and environmental emergency” (ISWA
2017). The reporting that, unless aggressive sustainability scenarios are implemented,
‘global peak waste’ may not occur until 2100 (Hoornweg et al. 2014) does little to
assuage the growing sense of popular alarm and urgency, as malign headlines2 accu-
mulate (Hannon and Zaman 2018). Confirming this, in a New Zealand context, the
2019 edition of the Colmar Brunton: ‘Better Futures Report’, recorded “the build-up
of plastic in the environment” as the number one “headline issue”.3

2For example: Ocean plastics: https://news.nationalgeographic.com/2018/05/plastic-bag-mariana-
trench-pollution-science-spd/ + Microplastic pollution in oceans is far worse than feared, say
scientists’ https://www.theguardian.com/environment/2018/mar/12/microplastic-pollution-in-
oceans-is-far-greater-than-thought-say-scientists + The UN has declared war on ocean plas-
tic pollution’ https://www.treehugger.com/environmental-policy/un-says-its-time-tackle-plastic-
pollution-aggressively.html + ‘Plastic fibres found in tap water around the world’ https://www.
theguardian.com/environment/2017/sep/06/plastic-fibres-found-tap-water-around-world-study-
reveals+ ‘Invisibles the plastic inside us’ https://orbmedia.org/stories/Invisibles_plastics+ ‘WHO
launches health review after microplastics found in 90% of bottled water’ https://www.theguardian.
com/environment/2018/mar/15/microplastics-found-in-more-than-90-of-bottled-water-study-
says.
3See: https://www.colmarbrunton.co.nz/wp-content/uploads/2019/02/Colmar-Brunton-Better-
Futures-2019-MASTER-FINAL-REPORT.pdfNB; this tops a list of critical issues, including: cost
of living, child protection, suicide rates, violence in society, water quality, aged care, protecting
personal data and ‘affordable housing/health care’.

https://news.nationalgeographic.com/2018/05/plastic-bag-mariana-trench-pollution-science-spd/
https://www.theguardian.com/environment/2018/mar/12/microplastic-pollution-in-oceans-is-far-greater-than-thought-say-scientists
https://www.treehugger.com/environmental-policy/un-says-its-time-tackle-plastic-pollution-aggressively.html
https://www.theguardian.com/environment/2017/sep/06/plastic-fibres-found-tap-water-around-world-study-reveals
https://orbmedia.org/stories/Invisibles_plastics
https://www.theguardian.com/environment/2018/mar/15/microplastics-found-in-more-than-90-of-bottled-water-study-says
https://www.colmarbrunton.co.nz/wp-content/uploads/2019/02/Colmar-Brunton-Better-Futures-2019-MASTER-FINAL-REPORT.pdfNB
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Beyond just the most visible ‘end of pipe’ pollution dimension of global waste
issues, a growing cohort of economists, designers, anthropologists and philosophers,
nowconceptualisewaste as a physical artefact of broad ‘systemic’ failure. This failure
of socio–economic design, has its roots in the post-World War II construction of the
now globalised economic model, premised on hyper-consumerism, infinite growth,
lineal—material flows and disposal (Hawken 1995; Hawken et al. 1999;McDonough
and Braungart 2002; Porritt 2007). As a concept and practical movement, zero waste
exists on one extremity of a spectrum of reaction and response to the accumulating
sense of failure, inertia and crisis around waste (Hannon 2015; Hannon and Zaman
2018).

Accordingly, the a heterogeneous global zerowaste community of practice encom-
passes the parallel necessities of both, ‘activism’ to confront vested interests perpet-
uating the disposal paradigm and the most assertive regime of policy instruments and
interventions to conserve and circularise material resources, avoid pollution, address
climate change and progress toward more sustainable development (Hannon 2015;
Hannon and Zaman 2018). Where once zero waste was considered (and sometimes
dismissed) an extreme neologism, in the sustainability ideasmarketplace (Glavic and
Lukman 2007), now even the most mainstream conventional waste industry associa-
tion, now employs a vision4 to work towards an “earth where no waste exists” (ISWA
2015) and 100% based, ‘stretch targets’5 forming part of the ‘Global Waste Man-
agement Outlook’ report’s confronting and aspirational ‘call to action’ (Wilson et al.
2015b). International consensus is nowcited as havingmoved beyond the “traditional
focus on waste management” (Boucher and Friot 2017). Accordingly, conventional
disposal orientated, “linear IntegratedWasteManagement Systems (IWMSs)” theory,
is now being re-conceptualised and re-languaged as, “circular IWMSs (CIWMSs)”
(Cobo et al. 2018).

Today a degree of symmetry is discernible across the progressive movements in
the sphere of sustainable waste management. This appears in the commonality of
‘ideal’ and rhetoric around sustainability, as well as in the converging acceptance of
issue, causality, consequence and the opportunity in seeking to actualise the ubiq-
uitous conception of naturalistic design (Graedel and Allenby 2010; Loiseau et al.
2016; McDonough et al. 2003; Pfau e al. 2014). Collectively, the zero waste, cir-
cular economy, industrial ecology/symbiosis and bioeconomy movements are all
framed in this natural ‘ecosystem metaphor’ of infinite resource life-cycles. Each,
similarly reject the concept of waste and seek radical reform of normative environ-
mental exploitation, routine disposal, externalised pollution costs and the extent of
producer–consumer responsibility etc., in favour of regenerative design, dematerial-
ising, detoxing and circularising all resource flowswithin economy (EllenMacArthur
Foundation 2013; McCormick and Kautto 2013; McDonough and Braungart 2002,
2013; Mohan et al. 2016; Zaman 2015).

Commentators have described the hyper-aspiration inherent to zero waste as
seeking to provide a “manifesto for the redesign of the material economy” (Mur-

4See: http://www.iswa.org/iswa/organisation/about-iswa/.
5Such as the goal of 100% collection and controlled disposal for urban populations globally.

http://www.iswa.org/iswa/organisation/about-iswa/
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ray 2002), in order to catalyse a ‘2nd—green-industrial revolution’, (Murray 1999,
2002; Williams 2013). Beyond arguing for a maximum trajectory in change making
policies and programmes, implicitly zero waste seeks a continuum of aspiration,
which aims to disrupt the current technical and socio-economic, barriers to sus-
tainable practice and possibility (Elkington 2012; UNEP, UNITAR, Hyman et al.
2013). The simple ideal and singular goal of zero waste, continues to be adopted by
individuals, families, communities, business organisations, as well as by municipal
and national governments, seeking to frame a response to the issue of waste (Song
et al. 2014; Zaman 2015, 2016). An accumulating cohort of popular, industry and
academic literature articulates how the evolving concept, strategies, policies and pro-
grammes of zero waste are being understood and implemented, ‘reality checked’,
reviewed and revised in practice, resulting in further cycles of innovation (Hannon
and Zaman 2018; Pietzsch et al. 2017; Song et al. 2014; Zaman 2015).

2.1 The Notion of Zero Waste Cities

The future zero waste city is a reoccurring feature of zero waste and sustainability
literature. Future cities are conceptualised as ‘laboratories for innovation’ for becom-
ing: ‘smart’ (i.e. by merging ICT with traditional infrastructure, technologies and
services to manage risk and resolve problems), zero-energetic, zero-waste, environ-
mentally sustainable, self-sufficient, (organic) food secure, industrially and environ-
mentally symbiotic and sustainable, as well as offering a more socially enlightened,
democratic, equitable and high quality life experience (Batty et al. 2012; Krzemińska
et al. 2017). The zero waste city, depicted as a circular, closed-loop material eco-
system and as being one of the key principles guiding the green urbanismmovement’s
vision of and practice for future (eco)cities (Lehmann 2010a, b). Key challenges
in actualising the vision of a truly sustainable future zero waste city are identi-
fied as: transformational industry community leadership, affordable policies and
programmes which circularise the urban metabolism and a research and education
agenda to leverage reductions in wasteful consumption and disposal, in favour of
increasing resource reuse and recycling (Lehmann 2011a, b; Zaman and Lehmann
2011b).

The future zero waste city concept can be distinguished from the respective his-
toric and contemporary “technical utopianism” and “technological idealism/quick
‘techno-fix’” ideologies (Lehmann 2011b) on the basis of the accumulating case stud-
ies reinforcing the scientific (Pietzsch et al. 2017; Zaman 2015; Zaman and Swapan
2016), economic (Enkvist and Klevnas 2018; Zaman 2016), social/cultural6 (Hogg
and Ballinger 2015; Living Earth Foundation 2015; Wilson et al. 2015a), and practi-
cal viability (Allen et al. 2012; Hood andMinistry of Environment British Columbia
2013; Lombardi and Bailey 2015; UN-Habitat 2010; Zero Waste Europe 2017) of

6Ref. the extensive set of ZeroWaste Europe case studies: https://zerowasteeurope.eu/case-studies/.

https://zerowasteeurope.eu/case-studies/
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the necessary transition from a lineal, waste based, throwaway society—towards a
zero waste based, circular economy.

The other key attribute distinguishing zero waste from ‘technocentric ideology’,
is an embedded recognition that waste is primarily a social issue (Lombardi and
Bailey 2015; Murray 2002). Whilst much of the early proof of concept was provided
in formative ‘zero waste industry’ experience, once this success and aspiration was
projected toward the municipal/city construct, the zero waste movement becomes
more discernibly grounded in grass roots-community/informal sector based activism,
initiative and participation (Allen et al. 2012; Hannon 2015; Lombardi and Bailey
2015; Murray 2002).

Arguably, zero waste can also be distinguished from other sustainable waste man-
agement disciplines/movements, in the embrace of dissent and activism, i.e. in con-
fronting perceptions of normalcy and intractability prevailing in our ‘throwaway
society’. In addition, zero waste more directly challenges the conventional waste
management industry’s incumbent twin bury and burn profit centres, which ulti-
mately bind human society to linear material flows, rather than enabling the requisite
evolution into a more circular economy (Haas et al. 2015).

Zero waste is also distinguishable in the insistence of public, ahead of private
interest, fully internalising otherwise externalised environmental cost in the market
price of products and services and in campaigning for more complete and manda-
tory instrumentation of extended producer (and consumer) responsibility (Lehmann
2011a; Nicol and Thompson 2007; ZeroWaste Europe and FPRCR 2015). Arguably,
this is why the zero waste movement is simultaneously controversial and indispens-
able, as a critical driver and grist in the societal debate about how to engineer the
transition from unsustainable, into sustainable (zero)waste management (Lombardi
and Bailey 2015; Pollans 2017).

3 Living Labs—‘Engines for Innovation’

The nexus of addressing failure and a consequent requirement for quantum inno-
vation, which typifies the ‘zero waste—future city challenge’, resonates strongly
with the developmental context, out of which living labs theory and practice has
emerged. Living labs are viewed as providing powerful ‘imaginative infrastructure’,
newmodes of knowledge generation and for inspiring the ‘fresh politics’ required for
social and technical transformation (Evans andKarvonen 2011). Living labs research
can be situated inside the meta-trend, in which ‘innovation seeking’ became more;
open (Almirall 2008; Schuurman et al. 2010, 2011), democratised (Bjorgvinsson
et al. 2010; von Hippel 2005), user engaged (Kusiak 2007), networked (Leminen
et al. 2012; Nyström and Leminen 2011) and potentially ‘disruptive’ (Chesbrough
2003) in seeking to leverage transformational change across spheres such as, social
practice, science/technology and human capital (Herselman et al. 2010).

The CO-LLABS project report highlights the potential for the growing cohort of
living labs to function as a powerful and widely applicable ‘engine’ for innovation,
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relevant to a spectrum of societal and economic issues (Bevilacqua and Pzzimenti
2016; Schaffers et al. 2009). Coincident with enhancing innovation, living labs are
also seen as an opportunity to better understand issues, infusemore and new (bottom-
up) ideas and reduce the risks and cost of design and or market failure (Bjorgvinsson
et al. 2010; Liedtke et al. 2012). Especially in a European context, living labs have
been envisaged as an opportunity to address societal challenges and economic com-
petitiveness7 (Mensink et al. 2010; Schuurman et al. 2011).

The ‘Alcotra8 best practices database for living labs’ projects, outlines a thematic
spectrum of fifteen bracketed types of living lab (Molinari and Schumacher 2011).
The typology ranges from those focused on ‘government and public administration’
(18%), through to minority spheres of application, such as ‘aeronautics/space’ (1%)
and includes ‘educational’ (6%) orientated living labs. Notably, across this typology
of living labs, a practical connection with the generation (and potentially mitigation)
of waste, can be interpreted.

Within the mainstream of living lab activity, an originating (as well as current)
educational construct can be discerned (Molinari and Schumacher 2011). The term
living labs, was originally utilised by Bajgier et al. (1991) in describing the inno-
vation seeking context of ‘community operations research’, utilising a city context
for engaging and enhancing tertiary student learning and research. In their explo-
ration of living labs as ‘open innovation networks’, (Leminen et al. 2012) identify
this derivation of the term and concept, whilst orientating this genre of living lab,
within the mainstream ‘MIT PlaceLab/Mitchell’ inspired living lab movement’s,
largely technology, spatial and product and service system (PSS) focussed, inno-
vation thinking. Another early attribution, extrinsic to the accepted MIT/Mitchell
popularisation of living labs, is Lasher’s employment of the term in 1991, in describ-
ing “co-operative partnerships and live field trials”, in the sphere of ICT research
(Folstad 2008). Arguably, this illustrates and reinforces the view of a parallel and
possible interrelated diversity in the formation of the living labs typology.

A brief overview of the context of higher ‘education for sustainable develop-
ment’ (ESD), where living labs approaches feature, highlights the following overlap-
ping spheres of activity: 1—Demonstrating campus and community sustainability
(Brundiers and Arnim Wiek 2013; Brundiers et al. 2010; Moore 2005; Orr 1994;
Rowe 2009; Shriberg and Harris 2012; Stewart 2010), 2—Campuses as incubators
of sustainable PSS (Konsti-Laakso et al. 2008; Vezzoli and Penin 2006), 3—Student
engagement and learning development (Bajgier et al. 1991; Dicheva et al. 2011;
Prince 2000; Prybutok et al. 1994; Santally et al. 2014; Stewart 2010) and 4—Com-
munity outreach, engagement and collaboration (Beynaghi et al. 2016; Trencher
et al. 2014; Trencher et al. 2013). The construct of partnering between universities
and their host city/communities to enhance the quality and outcome of higher edu-

7I.e. Addressing the so-called ‘European paradox’ (i.e. of generating research leadership, but failing
to convert this into commercial success in the global marketplace) (Almirall and Wareham 2011).
8The ‘Alcotra’ project’s 2008 survey results (following the 1st and 2nd ENoLLmembership waves.
See: https://enoll.org/) illustrates both the, considerable range and relative proportionality of living
labs applications. See: http://www.alcotra-innovation.eu/progetto/doc/Best.pdf Fig. 2: ‘Overview
of Living Labs domains—2008’ page 11.

https://enoll.org/
http://www.alcotra-innovation.eu/progetto/doc/Best.pdf
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cation for sustainable development (ESD), appears as central to both the origins and
future of living labs, as a research and development construct (Bajgier et al. 1991;
Kasemir 2013), as well as being fundamental to the contemporary and future mission
of higher education in support of global sustainable development (Beynaghi et al.
2014, 2016; Karatzoglou, 2013; Lozano et al. 2013).

The university—city (campus—urban metabolism) nexus is articulated as mod-
elling the kind of rich heterogeneous urban complexity, reflective of the prevailing
wider barriers/opportunities for transformational innovation and change, which can-
not be overcome/exploited by single actors, groups, or sectors in isolation, but which
require de-compartmentalised, complimentary and in-depth interdisciplinary collab-
oration between research and practice (Konig 2013b; Polk et al. 2013). A growing
list of living lab cases studies, including those with niche, specialised or sectorial
focus, demonstrate the viability, alignment and well as, the positive ‘biodiversity’
contributed by living labs approaches within the broader and ongoing expectation
directed toward ESD practice (Evans et al. 2015; Evans and Karvonen 2014; Konig
2013a).

Contemporary living labs practice raises and provides opportunities to address
questions beyond just what future sustainable campus/universities look like? The
transformative interdisciplinarity potential of living labs enquiry, resonates across the
wider internationalised mission of the academy in relation to all scales, participants,
sectors and geographies of society—especially cities (Evans et al. 2015; Hua 2013;
Konig 2013b). It is significant for those higher education institutions drawing on and
further progressing the concept of educationally framed living labs (i.e. such as the
ZWA–LL/Massey University and latter NIZAC), that this genre resides amongst the
genesis of what has since become the refractive evolution, recognised success and
proliferation of living labs ideas and practices (Bajgier et al. 1991).

3.1 “Innovating Innovation9”: Living Labs Relevance
to the ‘Waste–Zero Waste’ Sustainable Development
Transition

An important initial focus of living labs was generating technology based innova-
tion within constructed ‘reality approximating’, household/home-like environments
(Bergvall-Kåreborn et al. 2009a). In emerging to become a mainstream research
construct, living labs are reported as providing platform for innovation, applicable
across: ‘smart space/cities’, sustainable PSS, small to medium enterprises (SME)
and larger business models (including public-private-people partnerships—PPPP),
as well as, enhancing rural/regional/international development policies and innova-
tion within policy of all types (Almirall and Wareham 2011; Clermont et al. 2012;
Liedtke et al. 2012; Schaffers et al. 2009).

9Chesbrough, H. 2003. Open Innovation. The New Imperative for Creating and Profiting
from Technology, Boston, Harvard Business School Press.
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The expansion of living labs concepts and practices, can be observed as hav-
ing occurred within the growing global acceptance of the scientific reality of climate
change and with this, cognition around the requirement for disruptive innovation and
transformative ‘real world’ sustainable development (Naphade et al. 2011; Schaffers
et al. 2009). With this as an assumed objective, Liedtke et al. argue that the char-
acteristic of R&D in the ‘real world’ to better innovate for the ‘real-world’ remains
pre-conditional and defining of the expanding and evolving concept and practice of
living labs (2012).

Cited as a new ‘science basis for knowing the real world’, living labs approaches
are viewed as providing “ideas factories”, real world approximant “test beds”
for proving the application of those new ideas and as spaces for ‘blueprinting’
the formation of wider sustainable development and climate change mitigation
(Evans et al. 2015; Evans and Karvonen 2011, 2014). Inclusive of application in
‘place/PSS/people/policy’, the typifying resume of living labs, reads as a ‘good fit’
for the waste→ zero waste, issue—opportunity polemic (Hannon and Zaman 2018).
Reducing polluting emissions and enhancing the symbiotic efficiency and circularity
of industrial and urban metabolisms, is the coinciding objective of much contem-
porary waste/resource management and sustainable development thinking (CIWM
2014; EC 2014; Ellen MacArthur Foundation 2013; Morgan et al. 2015).

The emerging global zero waste community of practice, is posited as both an
antidote to the presiding dysfunction around making and managing waste (Hannon
2015; Zaman 2015; Zaman and Lehmann 2011a) and as an important addition to
the required biodiversity of ideas and actions for engineering change (Hannon and
Zaman 2018). This shift in paradigm and practice, will need to be transacted across
spheres, where living labs has a track-record of providing an ‘engine’ (Niitamo et al.
2006), ‘environments’ (Ballon and Delaere 2005; Schaffers et al. 2007), “milieu”
(Bergvall-Kåreborn et al. 2009b), and/or an “ideapolis” (Kulkki 2004) for innovation.
Education and research in the transitional waste → zero waste space, is identified as
having potential to perform a transformative role in generating practical innovation
and positive progress (Connett 2013; Seldman 2004; Van Vliet 2014; Zero Waste
Europe 2012).

Recognising the phenomenon and challenge of zero waste both globally and in
their local contexts, an international cluster of universities/organisations are seeking
to catalyse a ‘nexus for international zero waste academic collaboration’ (NIZAC).
The aim of the proposed NZIAC is to facilitate education and research to enable
progress towards the development of future zero waste cities and a more circular
global economy, which are together critical in addressing the interrelated challenges
of climate change and sustainable development.

One strand in the formative conversation for creating a zero waste academic
nexus, is the experience of the Zero Waste Academy (ZWA), which was established
in 2002, as part of the School of Agriculture and Environment at Massey Univer-
sity in New Zealand. The academic practice of the ZWA has sought to draw on
‘living labs’ research theory around innovation and partnership in a ‘university and
host city—community’ context. The ZWA’s success, failures, limitations and accu-
mulated practical experience in seeking to outwork a living labs approach in the
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waste → zero waste work area, provides a body of learning, which is informing the
NIZAC development process.

3.2 The Zero Waste Academy—‘Living Lab’ (ZWA-LL):
A Subject Focussed Education for Sustainable
Development Initiative

New Zealand provides an interesting case history in the global community of zero
waste experience and discourse (Connett 2013, p. 132; Hannon 2018; Snow and
Dickinson 2001, 2003).One strand in this narrative involves theZeroWasteAcademy
(ZWA), whose original goals and strategy were formulated in a memorandum of
understanding (MoU), signed by the initiating partner organisations, namely: the
Zero Waste New Zealand Trust, Massey University and the Palmerston North City
Council (PNCC). The ZWA was created in the wake of the successful, national zero
waste campaign organised by the Zero Waste New Zealand Trust (1997–2010).

An indication of the then impact of this national campaign was that the, then
New Zealand Waste Strategy (NZWS:2002) was entitled “Towards Zero Waste and
a Sustainable New Zealand” (MfE 2002) and that over 70% of New Zealand Coun-
cils had some form of publically documented zero waste policy (ZWNZ Trust,
accessed 2015). Responding to this, then groundswell of change in New Zealand’s
‘wastescape’ (Farrelly and Tucker 2014), the ZWA was purposed with: ‘facilitat-
ing a centre of excellence for training, education and research into the zero waste
principles and practices needed for sustainable development10’. The vision was to
build the capacity for New Zealand to implement the aspirational commitment to
zero waste—or, in the idiom of that period to, ‘walk the talk’.

The initial strategy of the ZWA involved: preforming a ‘blue sky’ indus-
try/community development role, supporting input into sustainable campus man-
agement, supervising and undertaking research, contributing to hands-on NZQA11

based recycling and waste industry workplace based training12 and developing zero
waste modules in a range13 of university based environmental science programmes.
In particular, the post-graduate 188.751 ‘zero waste for sustainability’ course is a

10Cited from the ZWA’s (2003) strategic plan.
11NB: The NZQA and University educational domains are both part of New Zealand’s ‘tertiary’
education system. However, workplace based industry training, versus university education, can
each be considered to have quite distinct histories, educational structures, pedagogical models,
knowledge basis, and systems of providers and target participants.
12The key programmes areas in which the ZWA was involved were: ‘National Certificate in Zero
Waste & Resource Recovery’ (L3) and the ‘National Certificate in Composting’ (L2).
13Environmental Science 1 (A 2nd year paper see: http://www.massey.ac.nz/paper/?p=188263&o=
1207471), 121.311—Global environmental Issues (A 3rd year paper see: see http://www.massey.
ac.nz/paper/?p=121311), 188.707—Introduction to Advanced Environmental Management 1 (4th
year post-grad paper see: http://www.massey.ac.nz/course/?p=188.707) and 188.751—Zero Waste
for Sustainability (4th year post-grad paper see: http://www.massey.ac.nz/paper/?p=188.751).

http://www.massey.ac.nz/paper/?p=188263&amp;o=1207471
http://www.massey.ac.nz/paper/?p=121311
http://www.massey.ac.nz/course/?p=188.707
http://www.massey.ac.nz/paper/?p=188.751
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fully web-based example ofMasseyUniversity’s core attribute and approach as a dis-
tance learning provider. This approach means that students can be located anywhere
in the world and are often working while they are studying (i.e. a ‘learn while you
earn’ model). The ZWA’s philosophy of learning, demonstrated throughout these
offerings, is to flip traditional ‘waste management’ on its head, treat this subject as
‘resource management’ and to explicate this paradigm shift, from the conceptual,
technical and practical perspectives emerging out of contemporary, globalised zero
waste practice.

The 2nd development phase of the ZWA (2012–ongoing) involved renegotiat-
ing and resigning the ZWA MoU v2 to encapsulate and respond to what had been
learned through the preceding decade of experience. This phase change, involved
a more central focus on generating research outcomes, which coincide with the
partner organisations’ core-business function. For the Palmerston North City Coun-
cil (PNCC) this is encompassed in the local ‘Waste Management and Minimisation
Plan’ (WMMP14), which is a requirement under the nationalWasteMinimisationAct
(WMA:2008). In this respect, the working relationship with the PNCC represented a
mutually beneficial engagement, which provides a local, ‘real-world’, practical con-
text for the ZWA’s academic function and the evolution of the reported living labs
approach, now being discussed in the context of the NZIAC initiative.

The business principle framing the PNCC’s 15 years of funding commitment,
required that each year, the ZWA generate a transparent return of investment, by
providing consulting and research services valued in excess of the PNCC’s annual
funding contribution.15 Each year this ‘living labs’ construct was refreshed via a
collaborative revision of the PNCC ‘R&D menu’ of key local issues, opportunities
and resulting knowledge requirements. On this basis, the ZWA and the PNCC nego-
tiated an annual direct work programme, focussed on priority actions for the staff
and students, engaged via the ZWA-LL, to co-generate and report on.

3.3 The Institutional Context for the Development
of the ZWA-LL Approach

A key feature of the Massey University programme of sustainability, is the com-
mitment to living labs. The ZWA-LL in exploring a living lab approach, exists as
a subset of and contributor to, this broader programme. As promotional material16

notes: “Massey University is poised to lead New Zealand academia in sustainability-

14The WMMP is a requirement under New Zealand’s Waste Management Act (WMA:2008) that
all local authorities/periodically undertake a Waste Assessment (WA) and on the basis of this
information develop and implement a Waste Management and Minimisation Plan (WMMP) in
consultation with their local communities.
15Reported annually as: [2012 Return on Investment (RoI): 223%], [2013 RoI: 177%], [2014 RoI:
164%], [2015 RoI:218%].
16Source of the subsequent quotations: http://www.massey.ac.nz/news/?id=5161.

http://www.massey.ac.nz/news/?id=5161
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related research by embracing the collaborative living lab research model…” The
Massey University “living lab17 is a collaborative, research and innovation space
where academics and research students work with external partners to co-create new
sustainability-related knowledge and practices”. Beyond the programme elements
referenced in this article, other current and envisaged intuitional activity can also be
framed within the cited parameters of living labs literature.

The ZWA-LL model is an example of an initiative, which fits the University’s liv-
ing labs innovation construct, which “is designed to foster multidisciplinary research
across academic disciplines, and between universities and external partners”. The
ZWA-LL concept and activity aligns with this institutional commitment to living labs
and seeks to contribute, in the waste/material resources work area, to this becom-
ing “part of Massey’s academic lexicon as a sustainability-related tool applicable
to problem-solving in diverse subjects and areas”. In terms of structure and evolv-
ing approach, ZWA-LL model can be seen as coinciding with much of the defining
rubric18 of who, what, where, when characteristics, accepted of living lab theory
and practice today. However, the encompassing literature describing and defining
living labs, also illustrates how this phenomena is iterative and still evolving through
the colonisation of new spheres of application. In parallel with this, as an emerging
discipline, living labs is itself being colonised by new proponents, in whose use,
epistemological refraction occurs in passing through novel modes of practice.

The advent and ongoing function of the ENoLL, recognises that, not only do living
labs present as critical instruments for addressing the complex design and evaluation
challenges requisite in (co)generating innovation, but that the set-up and effective
implementation of a living lab, is in itself a methodological and technical challenge6.
In describing living labs as a “mobilizing concept” attracting new interpretations and
expectations, Schaffers et al., observe an absence of “elaborated living lab case
studies” and an imbalance between high-level conceptual thinking and practical
experience (2009). The ZWA-LL experience, is only in the early stages of addressing
these methodological and technical challenges, in the context of New Zealand’s
‘challenging’ zero waste journey (Hannon 2018; Hannon and Zaman 2018). The
ZWA-LL practice, both confirms the scale of such challenges, but also provides a
strand of experience and optimism around how to generate progress and outcomes,
despite numerous barriers.

The proponents of the concept of creating a nexus for international zero waste
academic collaboration (NIZAC) are in the process of reflecting on how, what has
been learned through the ZWA-LL formative experience (andmore broadly the accu-
mulating international living labs theory and practice), can in synergy with all par-

17http://www.massey.ac.nz/massey/initiatives/sustainability/research/living-labs/living-labs_
home.cfm.
18I.e. The Alcotra project’s definitional rubric: “A living lab is a collection of private-public-civic
partnerships in which stakeholders (enterprises, academia… and customers) co-create (collabo-
rative product development form ideation to market development) new products services business
and technologies in real life environments (regions, with specific attributes—urban, suburban rural
remote…) and virtual networks (networks in regions in a virtual geography) in multi-contextual
spheres (in all roles and phases of the customers use)” (Schumacher 2013).

http://www.massey.ac.nz/massey/initiatives/sustainability/research/living-labs/living-labs_home.cfm
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ticipating stakeholders’ existing knowledge and experience, be directed towards the
co-generation of innovation the sphere waste → zero waste research and education
to support city—university sustainability.

Beyond a general recognition and acceptance of living labs approaches as an
appropriate platform for co-generating innovation in the subject work area, the dis-
cussion around the development of nexus for international zero waste academic col-
laboration (NIZAC) is alsomotivated by the coinciding fact that globally, there are an
enormous number of university/host city relational constructs19 and that numerous
concerns exist (to the point of there being described a ‘deficit’) in the global ability
to fund20 the future generation of innovation.

The formative experience of the ZWA-LL, as a stepping off point for discussions
about the development of a nexus for international zero waste academic collabora-
tion (NIZAC) demonstrates that this mode of living lab provides a: low cost, high
return on investment,21 durable, flexible, evolving and scalable model for generating
potentially high quality waste → zero waste related research and ESD outcomes,
within the crux of local ‘real world’ issues and existing (city—university) institu-
tional paradigms. Relevant literature serves to highlight and define the acknowledged
challenges and limitation, whilst also provide further invitation to transformational
level aspiration and new forms of hybrid experimentation (Beynaghi et al. 2014,
2016; Brundiers and Arnim Wiek 2013; Brundiers et al. 2010; Stewart 2010).

4 The Concept of and Process in Forming a ‘Nexus
for International Zero Waste Academic Collaboration’
(NIZAC)

Brazil’s ‘LIXO ZERO’ (zero waste) week has grown exponentially since it was
established in 2011 and now involves 30 cities, over 1500 events and around 5000
volunteers. This movement is organised by the ZeroWaste Institute—Brazil22 (ZWI-
B) which is headed up by Rodrigo Sabatini.23 The ZWI-B employs 5 people and
engages with a wider network of 50 key stakeholders based across various cities in
Brazil. The ZWI-B has a long standing connection to the Zero Waste international

19In theworlds 180 countries there “…areover 16,000 institutions listedwith up-to-date information
verified from the governing body of education” (International Association of Universities 2006).
20“After a 4-year decline (2010–13), R&D budgets in the OECD area appear to have stabilized
in 2014” OECD. accessed 2015. Directorate for Science, Technology and Innovation: Main Sci-
ence and Technology Indicators. Paris: Organisation for Economic Cooperation and Development.
Available: http://www.oecd.org/sti/msti.htm + NZ R&D expenditure is half the OECD average.
In 2013, the European Research Council report a 9% success rate for funding applications. (ERC,
accessed 2015). + “closing the… ‘innovation deficit’ … must be a national imperative”. (innova-
tiondeficit.org, accessed 2018).
21As identified and called for by (Vallini 2009).
22See: http://ilzb.org.
23See: http://www.as-coa.org/speakers/rodrigo-sabatini.

http://www.oecd.org/sti/msti.htm
http://ilzb.org
http://www.as-coa.org/speakers/rodrigo-sabatini


394 J. Hannon et al.

Alliance (ZWIA) and is recognised as having been influential in the development of
the international ‘zero waste youth’ movement.24

In 2017 the combination of LIXO ZERO week25 and the Zero Waste Youth inter-
national congress26 provided the catalyst for a group of international speakers (invited
to share various experience and perspectives related to the global zero waste move-
ment) to discuss the concept of forming an ongoing nexus for international zerowaste
academic collaboration (NIZAC). In 2018 the seminal NIZAC development process
has been supplemented, reported and further facilitated within both the FAUBAI
conference27 on internationalization in higher education and the International Zero
WasteCitiesCongress,28 where discussion andplanninghavebeenundertaken.These
events and respective ongoing local activities have provided further opportunity to
evolve and define an emerging consensus and growing interest in the NIZAC propo-
sition. At the point of writing the following parties (see Table 1) have registered an
interest are driving ongoing discussion focussed on collectivising understanding of
respective operating conditions, institutional processes, aspirations and boundaries,
around what might be achieved and how.

The intention is that this group will form an open collaborative innovation plat-
form, which will incorporate further people and partner organisations, who will in
future, shape the ongoing NIZAC concept and community of practice. One of the
main challenges articulated in the peer review discussions at the FAUBAI conference
was the need to identify clear objectives, a rationale and procedure for cooperation,
to enable all participants and the associated educational, research, institutions to be
effectively focussed on addressing the agreed problems and priorities.

In this respect, theNZIACproject development process, althoughonly in the initial
stages can report the formation of a clear collective vision, objectives and strategies.
The shared motivation galvanising NZIAC participation is: 1—to mutually enhance
the educational and research contribution driving the zero waste paradigm shift in
the local context of each stake-holding university/organisation, via the engagement
and support of other institutions and partner organizations (such as civil society,
commercial and government organizations) and 2—to supplement and support the
broader zero waste movement locally, nationally and internationally.

24See: https://www.facebook.com/zerowasteyouth.
25See: http://www.rioonwatch.org/?p=25156 and http://www.brazilgovnews.gov.br/news/2018/06/
zero-waste-concept-applied-to-cities.
26See: http://zerowastebloggersnetwork.com/iv-zero-waste-youth-international-meeting-local-
actions-global-change.
27See: http://www.faubai.org.br/conf/2018/ and http://www.faubai.org.br/conf/2018/submissions/
modules/request.php?module=oc_program&action=summary.php&id=25.
28See: https://www.scsengineers.com/event/zero-waste-cities-international-congress/ and https://
www.cidadeslixozero.com.br/en.

https://www.facebook.com/zerowasteyouth
http://www.rioonwatch.org/?p=25156
http://www.brazilgovnews.gov.br/news/2018/06/zero-waste-concept-applied-to-cities
http://zerowastebloggersnetwork.com/iv-zero-waste-youth-international-meeting-local-actions-global-change
http://www.faubai.org.br/conf/2018/
http://www.faubai.org.br/conf/2018/submissions/modules/request.php%3fmodule%3doc_program%26action%3dsummary.php%26id%3d25
https://www.scsengineers.com/event/zero-waste-cities-international-congress/
https://www.cidadeslixozero.com.br/en
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Table 1 The NIZAC people and partner institutions who are engaged in exploring zero waste
academic collaboration

Country University/Org. Engaged peoplea Position Research interests

Brazil The University of
the State of Santa
Catarina
(UDESC)

The link contains the
people who are part
of the sustainability
committees to
implement the
UDESC Lixo Zero
2022 program:
Gustavo Rittl,
(ILZB/UDESC),
Amauri Bogo
(UDESC\SCII
DEAN), Gustavo
Silvy Kogure
(UDESC\SCII)
http://udesc.br/

The sustainability
committee
involves teachers,
university
employees,
students and
outsourced
workers in an
open and
horizontal
structure where
everyone is
empowered to
participate. http://
udesc.br/
sustentavel/
residuos/
comissoes

Territorial
planning for
zero-waste
systems, urban
metabolism,
geotechnology
applied to
zero-waste and
circular economy,
natural resource
management and
climate change,
zero-waste
campus,
sustainable cities

The Federal
University of
Santa Catarina
(UFSC)

Jamile Sabatini
Marques (LabCHIS,
UFSC), Fernanda
Elisa Demore Palandi
(LabCHIS, UFSC),
Rogério Portanova
(UFSC\CGA),
Djesser Zechner
Sergio (CGA/UFSC),
Sara Meireles
(UFSC) http://en.
ufsc.br/

There are a range
if internal bodies
within the
university which
are linked to and
supportive of the
development of
the NIZAC
project: http://
www.labchis.
com/, http://
gestaoambiental.
ufsc.br/

Zero waste
campus,
knowledge-based
development;
humane,
innovative
‘smart’ &
sustainable cities,
urbanization,
green energy,
mobility; smart
governance,
alternative
economies

Santa Catarina
Federal Institute
of Education,
Science and
Technology
(IFSC)

Twisa Nakazima
Nakazima
(IFSC\DACC|Campus
Florianópolis) http://
www.ifsc.edu.br

Twisa Nakazima
Nakazima is the
teacher
responsible for
developing a zero
waste/NIZAC
project in
conjunction with
the sustainable
IFSC program

Zero Waste
Campus, training
and development
of recycling
cooperatives,
research in the
area of
construction
waste

(continued)

http://udesc.br/
http://udesc.br/sustentavel/residuos/comissoes
http://en.ufsc.br/
http://www.labchis.com/
http://gestaoambiental.ufsc.br/
http://www.ifsc.edu.br
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Table 1 (continued)

Country University/Org. Engaged peoplea Position Research interests

The Pontifical
Catholic
University of Rio
de Janeiro

Tácio Mauro Pereira
de Campos (PUC-RJ)
http://www.puc-rio.
br/index.html

Tácio Mauro
Pereira de
Campos is one of
the coordinators
of the
Interdisciplinary
Nucleus of the
Environment—N-
IMA. http://www.
nima.puc-rio.br/
cgi/cgilua.exe/
sys/start.htm?tpl=
home

Campus
zero-waste, zero
waste education
and circular
economy,
recycling
cooperatives

Campinas State
University
(Unicamp)

Emilia Wanda
Rutkowski (FEC,
LabFluxus/UNICAMP)
http://www.unicamp.
br/unicamp/english

Professor Emília
is responsible for
presenting and
initiating the
development of
the project in
conjunction with
the Sustainable
Unicamp
Management
Group—GGUS
http://www.ggus.
depi.unicamp.br/?
p=1707

Zero Waste
Campus, Waste
Pickers and
recycling, waste
management and
climate change

Australia Curtin University,
Perth, Western
Australia

Atiq Zaman is
responsible for
formulating and
developing NIZAC’s
global strategy.
https://www.curtin.
edu.au/

Doctor Atiq
Zaman, develops
leading research
in the area of
sustainability and
zero waste cities.
https://staffportal.
curtin.edu.au/
staff/profile/view/
Atiq.Zaman

Zero waste cities,
resource
productivity, zero
waste strategy
and tool, waste
tracking system

Italy Formia Rifiuti
Zero and ASM
Rieti spa

Raphael Rossi
https://www.
formiarifiutizero.it/
and http://www.
asmrieti.it/

President of
supervision
board, ASM Rieti
spa, CEO, Formia
Rifiuti Zero,
Turin, Italy.

Policy, planning,
management,
monitoring and
quality assurance
of municipal zero
waste systems.
PPPP service
deliver
organisations

(continued)

http://www.puc-rio.br/index.html
http://www.nima.puc-rio.br/cgi/cgilua.exe/sys/start.htm%3ftpl%3dhome
http://www.unicamp.br/unicamp/english
http://www.ggus.depi.unicamp.br/?p=1707
https://www.curtin.edu.au/
https://staffportal.curtin.edu.au/staff/profile/view/Atiq.Zaman
https://www.formiarifiutizero.it/
http://www.asmrieti.it/
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Table 1 (continued)

Country University/Org. Engaged peoplea Position Research interests

Nepal Health Care
Foundation-
Nepal
(HECAF)

Mahesh Nakarmi
https://noharm-
global.org/articles/
news/global/hcwh-
and-hecaf-present-
sustainability-health-
care-nepal

Mahesh Nakarmi
is the coordinator
of the Health
Care Foundation-
Nepal and both
works with the
implementation
of the zero waste
strategy in
hospitals and
develops zero
waste themed
work in schools
and universities
in the HECAF
sphere of
operations

Zero waste
school, zero
‘medical’ waste
programmes and
training

New
Zealand

Massey
University

Jonathon Hannon has
facilitated the
development of the
NIZAC concept
through sharing the
Zero Waste Academy
(ZWA-LL)
experience and
learning resources

Jonathon Hannon
is the coordinator
of the ZWA and
has been involved
in applying living
labs theory and
practices in
zero-waste
communities,
organizations and
cities. http://
www.massey.ac.
nz/

Zero waste,
organic recycling,
e-waste,
municipal
policies and
programmes and
product
stewardship/EPR

aIn general, there are more people working and developing the NIZAC approach initially in each
university and/or organization, however these are the key contact persons for each organization

4.1 Proposed NIZAC Scope and Framework
for Collaboration

The following Fig. 1 ‘Schematic Outline of a Proposed Nexus for ‘International
Zero Waste Academic Collaboration (NIZAC) Model’, provides a simple overview
of the proposedNIZACdesign concept. This involves recognising the individuality of
the participating individuals and institutions, whilst creating a shared jointly owned
‘common good’ platform, by which to progress the agreed ESD and research, in
support of future zero waste universities, communities, business organizations and
cites.

The model of engagement (illustrated in Fig. 1) and proposed actions (pre-
sented in Table 2), outline the NIZAC philosophy and scope of collaboration, which

https://noharm-global.org/articles/news/global/hcwh-and-hecaf-present-sustainability-health-care-nepal
http://www.massey.ac.nz/
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seeks to align and build on the inherent focus on community participation, com-
monly attributed as, a zero waste approach (Allen et al. 2012; Lombardi and Bai-
ley 2015). This can be recognised as seeking to foster and model participatory
social innovation, equitable local/international enterprise networking,with the aim of
advancing balanced sustainable development, inclusive of environmental, economic,
social/cultural considerations (Beynaghi et al. 2014, 2016; Filho et al. 2015; Rosen-
bergDaneri et al. 2015; UnitedNations 2012). This outline is provides the framework
for drafting an agreed formal writtenMoUwhich can be signed by participating indi-
viduals/institutions, as the NIZAC concept and work programme grows.

4.2 An Emerging Philosophy of Collaboration in a Collective
Approach to Education and Research for Zero Waste

• In any working relationship, avoiding the recognised pit-falls of the ‘top-down’
approach (i.e. so—called external experts have all the answers). Accepting that the
key to realising the NIZAC programme goals in the respective organisational cul-
tures and staff and student networks, is understanding that the necessary knowledge
and progress will arise from within a fusion of local participation and knowledge
and good international practices and ideas.

• Seeking socially, culturally and economically appropriate technologies and pio-
neering local problem solving solutions to the many barriers to progress, which
will need to be overcome in this aspirational journey.

• Embedding R&D into change processes, so that scientifically rigorous, new break-
through knowledge is generated along the way.

• Seeking a low cost, financially sustainable change models and sharing this experi-
ence, so that the regional business community/industry sector is inspired, engaged
and can also learn from and adopt improving environmental practices.

• Building momentum, based upon a sequence of authentic good news science sto-
ries, which create popular buy-in (internally) and positive authentic profile (exter-
nally).

• Others elementswill be articulatedwithin cycles of peer reviewas ongoing learning
and development progresses.

4.3 Establishing Key Roles with the NIZAC

A key practical process for initiating the NIZAC engagement, will be for key peo-
ple to be selected to undertake (a) short term internships (practically focussed)
and (b) longer terms post-doctoral/academic fellowship type research and teaching
visits/exchanges. These visits/exchanges represent a key strategy for enabling the
sharing and building NIZAC people/partner organisations zero waste experiences
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Table 2 Examples of the proposed actions to realise the scope and objectives of collaboration

Focus of
collaboration

Examples of key actions

1. Leadership (a) Drafting and signing a ‘Memorandum of Understanding’ (MoU)
describing the development model for the proposed ‘Nexus for
International Zero Waste Academic (Education and R&D
Collaboration’ (NIZAC)

(b) Appropriately resourcing and actioning individual and collective
responsibilities described in NIZAC documentation

(c) Ensuring that the NIZAC collaboration and documentation is a
‘living’ agreement which learns and grows based on the
accumulating experience

2. Demonstration (a) Develop a shared protocol to undertake waste audits/system and
service/stakeholder network analysis

(b) Patriciate in a background zero waste campus research project (i.e.
invite submissions and co-publish a zero waste campus cases study
report

(c) Convene a workshop with staff and student presentations, plan
student/zero waste youth engagement/meetings/networking on zero
waste campus management

(d) Facilitate a shared services planning and reporting processes,
undertake cost benefit analysis, priority setting and budgeting
process

(e) Finalise the individual design and adopt a respective zero waste
campus management plan

3. Teaching and
research

(a) Facilitate the identification and networking of teaching and research
staff interesting in the subject area of zero waste and a circular
economy

(b) Measure student demand indicators and undertaken a gap
analysis/market research around zero waste education and industry
training

(c) Investigate and report on national educational programme structures
and rules and new/amended course approvals process Sharing
existing IP in the form of zero waste educational resources, teaching
programmes and research knowledge and experience

(d) Further developing collective zero waste educational resources,
teaching programmes and research knowledge and experience (i.e.
through staff exchanges where joint teaching, shared programme
and information resource planning and development is undertaken

4. Networking (a) Undertake planning and proposal development for an educational
and R&D strand for future ZWIA discourse/Zero Waste Europe
gathering. Where that is not possible plan for stand and alone
‘Nexus—International Zero Waste Academic
Collaboration’—NIZAC conferences (NB: these might begin as a
one day, add-on or strand within another relevant conference format

(b) Plan and administer an ongoing schedule of skype meetings of
NIZAC partners to enable the functions such as an academic
advisory/editorial board, co-supervision co-authorship, designing
and writing research funding applications

(continued)
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Table 2 (continued)

Focus of
collaboration

Examples of key actions

5. Extension (a) Develop a business plan and operation model to generate zero waste
academic: web presence/zero waste subject magazine
articles/branded journal and or journal special edition
format/conference proceedings/cases studies compendium/book/AV
short films/documentary—publications

(b) Develop a business plan and operation model for
online/web-based/distance zero waste education across the spectrum
from public awareness raising, school based environmental
education curricular supports workplace based industry training and
other professional development and other open market based
opportunities

(c) Investigate and catalogue a local, national and international
stakeholder map covering relevant: Businesses, industry
associations, informal sector/eco-NGOs, recyclers (across the
spectrum of materials types), environmental
commentators/educators, synergetic research centres/innovations
hubs/entrepreneurship—start-up centres, green product
designers/manufacturers, product stewardship/EPR systems,
equipment and technology suppliers, policy makers/regulators, key
media people channels

6. (Re)design and
other related
disciplines

(a) In keeping with the expansive interdisciplinary nature of zero waste
facilitate the identification and networking of teaching and research
staff and organisations interested in the subject area of zero waste
and a circular economy with a particular emphasis on for example

• Design of zero waste products, production systems and infrastructure
and services

• Relevant life cycle management and economic modelling and analysis
• Entrepreneurship/innovations studies, business management and
financial systems administration and reporting

• Social science and development studies
(b) Explore formal organisational alignment and collaboration for

example with the likes of the ‘China-Australia Centre for
Sustainable Urban Development’ http://www.unisa.edu.au/
Research/zerowastecentre/ and https://www.unmakingwaste.org/

7. Engagement (a) Through the combination of online meeting formats, workshops,
conferences, email newsletters/blogs and formal publications reach
out to the broader international academic community to ID other
interested parties who may be invited to participate in the NIZAC
initiative

(b) Undertake and annual cycles of NIZAC evaluation and reporting,
alongside ongoing communication internally within participating
organisations

http://www.unisa.edu.au/Research/zerowastecentre/
https://www.unmakingwaste.org/
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and learning. The intention is for visits/exchanges to facilitate further international
early career teaching, research co-supervision experience, publication networking
and outcomes and the process of enhancing, translating and international extension
of, existing zero waste learning resources into the participating university and indus-
try training environments. The key NIZAC roles, which have been initially identified
and discussed are:

(a) ‘ZeroWaste Campus – Student Coordinator’: A key person who can support
the zero waste youth clusters, engaged in the respective zero waste and sustain-
able development (ZW+ SD) campus programmes of participating institutions.
The expectation is that each university campus will curate opportunities for an
active community of zero waste youth, who will undertake (as they do cur-
rently) events,meetings awareness raising and practical demonstration activities
on campus in conjunction with the professional facilities management staff and
host communities. A key challenge, which needs to be understood and navigated
within these zero waste youth/student clusters is that, the primary responsibil-
ity of students participating in extracurricular groups/activities is a priority to
successfully complete their own study.
In addition, the respective students only have a short tenure at university, before
graduating and moving on with their careers. Together this means that, the
campus zero waste youth clusters have limitations on the time they are able to
commit and short cycles of involvement. Therefore, for the campus ZW + SD
programmes to progress consistently, an overarching facilitator support person
role is essential. This ‘Zero Waste Campus—Student Coordinator’ role (and
selected person) is sought to be developed as a priority for the proposed NIZAC
programme. Importantly, whilst being able to relate to students is an essential
capability for this role, it will be equally beneficial for this role to encompass
sufficient life/professional experience to be able to successfully relate to the
university’s professional facilities management staff and other business related
organisations.

(b) ‘Zero Waste Education and Research Coordinator’: The second key per-
son/role is essentially an academic function, engaged in developing and imple-
menting zero waste teaching29 (as stand-alone, or modular inputs supplement-
ing existing teaching programmes) and facilitating, undertaking and supervising
collaborative zero waste research programmes and the resulting publications.
Related to this role, one of the key initial opportunities is to undertake plan-
ning and gap analysis around what teaching might be required, alongside what
presents as the priority opportunities across the NIZAC collaboration context.
An important part of this exercise, which from a ZWA-LL experience has been
absolutely critical, is recognising the necessity to identify and cultivate other
internal academic networks interested and willing to collaborate in and encom-
pass zero waste, alongside related disciplines.30

29NB: as has been the case for the ZWA this might be both within the university and or outside as
the local recycling industry vocational training (inc. the informal community recycling sector).
30Such as industrial ecology/symbiosis, urban metabolism, bio and circular economy movements.
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It appears essential that both of the described roles: 1. ‘Zero Waste Cam-
pus—Student Coordinator’ and 2. ‘Zero Waste Education and Research Coordi-
nator’ are somehow funded or employed (collectively, or by individual institutions)
as, if not full time, then at least permanent roles. This will enable selected key indi-
viduals to be engaged for periods, sufficient (i.e. 3–5 years) to enable the people/roles
to really gain traction and to develop a strong framework of outcomes, as a return
on investment. This will require careful: engagement with and understanding of
the interests/vision for funding/employing institutions, design of job descriptions,
selection of key people, supervision and support of those people once employed and
ongoing succession planning, so as to cultivate continuity and embodied learning
and progress.

4.4 Next Steps: Emerging Outcomes, Future Prospects,
Recognising Challengers and Developing Strategies
to Overcome Barriers

After a less than one year from the commencement of the NIZAC engagement,
training and development processes (described Sects. 5–5.3) a range of important
‘next step actions’ have been undertaken. These include a series of f2f and online
meetings, practical project initiatives and other early stage programs, within the
described cluster of Brazilian universities. These outcomes establish a foundation
for future internationalisation and a practical basis for designing frameworks for
further engagement and support.

The living labs approach, framed in the host city—university collaboration con-
text, which has been modelled in the ZWA-LL’s experience, appears appropriate in
the socio-economic context of the Brazilian city—university relationship. However,
it is recognised that the ZWA-LL experiences are just a catalyst and ‘conversation
starter’ about internationalising, contextualising the shared opportunity for learning,
collaboration and innovation. Within the Brazilian zero waste city—university con-
text, the vision is to establish a platform for continuous multi-party engagement by
participating universities, local and national government organisations, civil society
organizations and socio-environmental movements, all collectively focussed on the
purpose of changing the current paradigm of uncontrolled production and misman-
agement ofwaste.At this point, theNIZACcollective, currently is either participating
in, or has the following project initiatives in planning/development:

• Undertaking a voluntary project, which contributes to thework of the Florianópolis
City Hall, by defining and locating large waste generators in the city. This project
developed and utilised a WebGIS platform for planning, managing and monitor-
ing the Municipal Integrated Management Plan of Florianópolis (and Municipal
Decree No. 18.646, DE 04 JUNE 201831), which establishes the Florianópolis

31See: https://leismunicipais.com.br.

https://leismunicipais.com.br
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Capital Lixo Program Zero and its related provisions. The project was approved
by the Municipal council for implementation within Florianópolis on 06.07.2018.
This is an example of how civil society organizations along with the NIZAC
project partners can collaborate with local government in the objective of support-
ing the development of zero waste cities. The project envisages further integration
of the various government agencies, key actors within the solid waste production
and management chain within a participatory, ‘bottom-up’ zero waste city project
development process and monitoring platform.

• An international comparative research project among zero waste cities is being
promoted through Professor Jamile SabatiniMarques of the Laboratory ofHuman-
ities, Smart Sustainable Cities—LabCHIS of UFSC. This project aims to under-
stand points of convergence and common barriers to the construction of zero-waste
cities. Recognising cities as the main locus of the waste problem, this project seeks
to understand and corroborate the process of drafting and implementing municipal
policies.

• In addition to Brazil Zero Waste Week, promoted nationally by the Instituto Lixo
Zero Brazil (ILZB), the institute also promotes the national ‘Municipal ZeroWaste
Forum’, which aims to empower local practices, presentations and debate within
cities, as a means of enabling and disseminating new innovations and emerging
solutions for zero waste and circular economy. The scope of the forum, encom-
passes work areas such as: education, waste reduction, zero waste business mod-
els, local public policies and programmes. As part of the 3rd third edition of the
Municipal ZeroWaste Forum, held inMay this year in Florianópolis, Brazil, a pre-
sentation and panel discussion on NIZAC concept was undertaken. This feedback
loop has provided both encouragement, new connections and renewed discussion
and motivation to the NZIAC development process.

• Professor Rogério Portanova, one of the coordinators of the Environmental Man-
agement Coordination of UFSC, has over several years been developing an impor-
tant media program entitled ‘Ecology and Politics in Debate’ on a community
television channel in Florianópolis Recently this 30 min program, based around
interviews, provided a significant opportunity to debate the global and local prob-
lem of waste and in conjunction with this, to outline the NIZAC project vision,
value proposition and immediate and longer term objectives.32

• From the point of initial conception of NIZAC, the State University of Santa
Catarina (UCESC), has been proactive in adopting and seeking to incorporate zero
waste theory and practices across a concomitant programme of zero waste campus
initiatives within the 12 different centres, located in 9 cities in the State of Santa
Catarina, Brazil. UDESC plans to make all 12 campuses, zero waste campuses
by 2022.33 Within this programme, one of the key initiatives is the planning and
construction of a model zero waste station, to function as both an on-site material
processing centre and as a waste → zero waste educational space. This project is
being developed with the support of the New Zealand embassy in Brazil.

32See: https://www.youtube.com/watch?v=e1amWrvSpB8&t=1131s.
33See: https://www.youtube.com/watch?v=9NXsrKMp5bc.

https://www.youtube.com/watch?v=e1amWrvSpB8&amp;t=1131s
https://www.youtube.com/watch?v=9NXsrKMp5bc
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• A series of practical outcomes have followed the adoption and implementation of
the UDESC Lixo Zero (aka zero waste) 2022 program. For example, the univer-
sity’s first ‘Zero Games’34 have taken place. The ‘Lixo Zero’ theme formed part
of the competition and as a result two public schools have initiated negotiations
with the university in respect of support for the implementation of the zero waste
strategy. In addition, a number of other agencies in the State of Santa Catarina
have begun contacting the University, seeking guidance around the development
of institutional based zero waste programmes.

• Throughout the initial discussion and early development phase of the NIZAC
concept, the ‘Planeta.Doc’ initiative has been a key support partner, in terms of
joint actions and events around the opportunity of personally and locally adopting
a zero waste approach in addressing to the global issue of waste. The intention is
that, the Planeta.Doc35 platform will provide a two-way institutional partner for
the outward dissemination of research, studies, actions originating from within
the NIZAC, as well as for inwardly informing the NIZAC network through the
audio-visual educational and awareness raising resources.

• Looking ahead to 2019, the NIZAC collaboration will be supporting an internship
programme involvingBrazilian students spending a semester atMasseyUniversity
in New Zealand. The internship students will be part of an urban plastic pollu-
tion benchmarking project, undertaken as a ‘citizen science’ engaged, ‘living labs’
project in collaboration with the Palmerston North City Council (PNCC) and other
key community stakeholders. The intention is that this macro and microplastic
benchmarking project will establish baseline data, which will inform the devel-
opment of a city and then eventually a region-wide, (i.e. whole of catchment,
‘Source to Sea’ see: https://enm.org.nz/about/biodiversity) plastic pollution miti-
gation strategy. As part of this programme, initial research and teaching resource
development elements of—and training in relation to, the outlined NIZAC work
programme (i.e. see Table 2 and Sects. 4.3 and 4.4) will be completed and reported
in ongoing academic publications.

This collection of positive indicators provide confirmation that both, zero waste
aligns with the regional formulation of the relevant national/state policies and the
NIZAC concept offers practical real world value in the respective host university/city
contexts.

5 Conclusions

Literature is cited as, aboundingwith examples of good practice and effective alliance
between embedded HEI and networks of local stakeholders seeking to address
city/regional issues, including around sustainability (Karatzoglou 2013). However,
overall, university sustainability is assessed globally, as only being in the early stages

34See: https://www.youtube.com/watch?v=XoC1uXqgIRA.
35See: http://planetdoc.org/en/about/.

https://enm.org.nz/about/biodiversity
https://www.youtube.com/watch?v=XoC1uXqgIRA
http://planetdoc.org/en/about/
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of the requisite learning in order to authentically realise, the full potential of HEI to
embody and lead society in transformational sustainable development (Lozano et al.
2013). Relative to the leadership potential and expectation articulated in succession
of significant pre and post Rio+20 international events and initiatives, the HEI sector
has been cited as “lagging behind” leaders in the commercial sector, in facilitating
the societal transition into more sustainable patterns. (Lozano et al. 2013). It can be
recognised that actualising the sustainability potential of HEI, requires more than
just supplying and modelling ‘good ideas’ through conventional education, research
and outreach, but rather involves, reconceptualising and reforming the paradigmatic
and institutional foundations and function of the academy (Beynaghi et al. 2014,
2016; Lozano et al. 2013).

The true scope of the emerging ‘sustainable university mission’ involves a level of
challenge and transdisciplinary engagement, beyond token increments of ‘add-on’
activity, or superficial collaboration (Beynaghi et al. 2014, 2016; Lozano et al. 2013;
Trencher et al. 2014; Yarime et al. 2012). This ‘next mission’ requires a systematic
integrated response to sustainability science (and described crisis) (Yarime et al.
2012), dissolution of ‘town and gown’ boundaries in favour of deep permeant, 360°
civil engagement (Trencher et al. 2014; Trencher et al. 2013) and a return to the
original purpose of co-creating the “adaptation and re-invention of society in times
of global changeability in order to compete and survive” (Beynaghi et al. 2014).

The early indications are that, the proposed scope, philosophy of collaboration and
framework of strategies and actions (see Table 2 and Sects. 4.3 and 4.4) for NIZAC,
have a positive potential in challenging and supporting, the cluster of participat-
ing universities/organisations, in partnership with host cities/communities/business
sectors, to cultivate new platforms for collaboration and co-generating innovation
in addressing the anthropogenic waste crisis. At this point, the NIZAC project has
developed organically without any specific new financial resources. This illustrates
the viability of what Karatzoglou describes as an “emancipatory approach” (2013),
based around a freedom of shared ideas, aspiration and real world experience, ini-
tially at least, unencumbered by unnecessary prescription and restrictive formula. At
its most basic level the NZIAC framework is providing people and organisations,
who have an interest in zero waste research and ESD, a new opportunity to con-
nect, converse and share ideas, motivation and experience, as well as to offer mutual
support in improving respective intuitional practices (Karatzoglou 2013).

Within the NZIAC ‘development conversation’ there is a growing sense that the
necessary core ideas, purpose, people andmethodologies will emerge and strengthen
through further engagement in the open innovation platform forming between the
participating cluster of Brazilian and other international universities/organisations.
This early stage ‘progress to date’ reporting, is offered, in keeping with the assertion
that the distinction between “good and bad cases” is less meaningful, than actually
sharing what might offer and incur meaningful insights, leading to the formation of
and commitment to, rigorous and fully developed transdisciplinary ESD case studies
(Karatzoglou 2013).
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The feedback from presentations and network discussion at the FAUBAI uni-
versity internationalization conference and ‘Future Zero Waste Cities’ symposium,
supports this impression and has provided input to the planning of further devel-
opments within the NZIAC initiative. However, it is recognised that the described
aspiration and outcomes represents only the very first formative steps, in what is a
work area of enormous complexity and challenge (Burbridge 2017; Krausz 2011;
Krausz et al. 2013) and that further input and required learning will be sought from
relevant information resources and networks (Clermont et al. 2012; Molinari and
Schumacher 2011; Rodrigues 2013; Ståhlbröst and Holst 2012).

The approach proposed by NIZAC of further exploring the theory and practice
of living labs via a networked perspective across multiple institutions, civil society
organizations and non-governmental organizations, has catalysed the conditions for
joint action and mutual support, emerging synergies, institutional alignments and the
opportunity for co-generating innovation (Beynaghi et al. 2016; Nevens et al. 2013;
Trencher et al. 2014; Trencher et al. 2013). Whilst, the project partners encompass
considerable tenure and background experience in this work area, the emergence
of this new NZIAC, coincides with a current convergence of scientific and popular
community perspectives in support of urgent, assertive/disruptive and innovative
action to locally address—and thereby to contribute globally, to tackling the issue of
waste (Hannon and Zaman 2018; Hoornweg et al. 2012; ISWA 2017; Wilson et al.
2015a).

The potential and actual emerging outcomes of the NZIAC, evidence both, the
cited potential of living labs as a “mobilizing concept”, as well as the observed chal-
lenge of transacting the journey from ‘high-level conceptual thinking’, to success-
ful practical experience, to the requisite elaborated formal case studies (Schaffers
et al. 2009), which standardise reporting, improve comparability, so as to enable
adaption and implementation of findings in another context (Karatzoglou 2013).
Numerous current barriers and limitations are recognised. For example: language
(Portuguese–English), workload pressures and timetable scheduling, limited human
and financial resources, understanding and aligning the respective educational and
bureaucratic process of the participating institutions/countries and the differing per-
sonal, professional and organizational interests, disciplinarity and cultures.

The expectation is that, the collective discussion on how best to navigate a way
past these barriers, will be institutionalised in a formal NIZAC multilateral mem-
orandum of understanding (MoU), which will articulate future vision, expectation
around shared commitment and processes for joint action in realising a new and
effective nexus for international zero waste networking, academic collaboration and
direct engagement focussed on zero waste universities, cities and the circular global
economy.
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Towards Regional Circular Economies.
‘Greening the University Canteen’
by Sustainability Innovation Labs

Susanne Maria Weber and Marc-André Heidelmann

Abstract The paper presents the approach taken in order to interconnect university,
campus and canteen development. How can integrated regional development and a
regional circular economy be supported by interlinking students’ professionaliza-
tion with interconnecting regional stakeholders? The project funded by the German
National Sustainability Council (RNE) pursues the goal of greening the university
canteen by adopting a participatory and interactive approach of innovation labs, orga-
nized by organizational education students and realizedwith the relevant stakeholders
and potential partners of the regional nutrition cycle.

Keywords Regional innovation systems · Design thinking · Innovation learning ·
Regional nutrition cycle · Organizational education and pedagogy · Discourse
methodology · Network consultancy

1 Why Care? Engaging and Experimenting
in Sustainability Innovation Learning

1

Sustainable campus development wishes to integrate research, teaching and orga-
nizational learning. Campus strategies are under-researched, but nevertheless carry
a lot of potential (Pike et al. 2003). Universities can still much more incorporate
sustainability principles into their activities as organizations (Leal Filho et al. 2015)
and establish sustainable campus improvement programs (Faghihi et al. 2014). As
Schneidewind and Singer-Brodowski (2013) show in their book ‘Transformative
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Science’, especially the academic system in Germany needs transformative spaces.
So far, only ‘heterodoxic’ islands can be found in the seas of orthodox science and
academic activities.

In the field of sustainable campus development, the university canteen is cru-
cial, as it connects the life cycle of crops and regional agriculture with all rele-
vant stakeholders into the potential of regional cycles of sustainable nutrition. This
approach does not only refer to organizational development of the university, but
to develop regional innovation systems. This interconnected perspective on campus
development and its’ regional embeddings has not been taken into account so far and
should be strengthened. Especially the university canteen can offer huge potentials
for impact in sustainability and “greening” the university by its’ canteen supply, sys-
temic regional sourcing and awareness rising for conscious food delivery, greening
students’ lifestyles and conscious “green eating”.

As the university canteen processes large amounts of food on a daily basis, the
potential impact of regional nutrition cycles is high. Following the idea of circular
economy and regional innovation systems, several SDGs are addressed, which can
enlarge and enrich sustainability studies, research, training and professionalization
(Schneidewind and Singer-Brodowski 2013; Leal Filho et al. 2017a, b; Leal Filho
2018). Sustainable nutrition as a regional innovation system (Doloreux and Parto
2005) addresses SDG 2 “sustainable land use”, in order to support regional ecolog-
ical agriculture. Core to the regional sustainability cycle will be SDG 3 “healthy
living”, as health and nutrition are closely connected when it comes to regional,
seasonal, biological, sustainable food production. SDG 4 “Education for sustain-
able development” is core in an approach, interconnecting university with regional
stakeholders. Students in this approach will be cooperating with regional stakehold-
ers in order to develop sustainable and solution-oriented learning and development
designs. SDG 6 is supported through “regional agriculture towards sustainability”.
SDG 8 refers to “regional economical cycles” as such and SDG 12 wishes to support
“sustainable consumption and sustainable production”, which of course is involved
when the regional nutrition cycle is developed. Our case of “greening the university
canteen” will be especially suitable for regional economy cycles respectively nutri-
tion cycles of university towns in rural regional spaces in order to establish a sus-
tainable canteen and regionally connected economical cycles. SDG 17 is addressed,
when the principle of “sustainable supply in supply and delivery chains” is applied.
As we see, especially relating university and regional embeddings carries potential
and can support networked participation, problem solving and social innovation for
sustainability. It supports the implementation of SDGs.

Especially in the field of sustainable nutrition, universities can offer excellent
potentials. In order to develop a regional innovation cycle, it is necessary to involve
regional producers, providers, distributors, decision makers, students as learner-
consumers and recyclers. Instead of static and one to one approaches, a network
approach is suggested, which involves all relevant stakeholders in a direct way. By
using the methodology of regional living labs between university, the university can-
teen and relevant stakeholders, necessary connections can bemade, and sustainability
strategies be developed, in order to green the university canteen.
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Newmethods and formats like the approach of design thinking (Weber 2013a) can
support and bring about a new culture of regional sustainability communication and
cooperation. As Weber (2005) has shown, dialogical formats such as sustainability
labs offer innovative approaches for stakeholder participation, collective idea devel-
opment, network development as well as consciousness raising for sustainability.
The value chain of sustainable nutrition then comes into view not only at the level of
improving products and processes, but at the level of collective system building and
consciousness (Weber 2014). As Leal Filho et al. (2017a, b, p. 135) show, progress
“is to bemeasured by new criteria, such as community building, collective action and
construction of new infrastructures of provision, in which well-being is not only tied
to consumption, but to conscious consumption and even degrowth perspectives”.

Leal Filho et al. (2017a, b) see the need for more trained specialists and profes-
sionals in the field of sustainable development research and practice. In fact, the topic
of sustainable food and nutrition mobilizes younger generations, too. Can students
become change agents for campus transformation towards sustainability? The pro-
fessionalization program presented in the following, reaches out towards students as
civil society actors of the university. Can students become active protagonists within
a sustainability innovation learning approach? Being trained as change agents of the
future society (Nölting et al. 2018), they might contribute to bring about innova-
tion and professionalization learning at the same time. While Razzouk and Shute
(2012) question the contribution of novices, we argue, that especially the intergen-
erational dialogue between professionals and students can be helpful for integrating
design research and intervention strategies for campus and canteen ‘greening’ by
regional system innovation. In the following, we first draw back on our piloting expe-
rience with sustainability innovation labs realized in 2015. After this, we present the
approach taken in the still ongoing design research project ‘greening the university
canteen’, funded by the German Council for Sustainable Development 2018–2019.

1.1 The Innovation Lab ‘Sustainable University Canteen’
2015: Learning from a First Prototypes’ Potentials
and Limitations

Experimenting with participative methodologies (Weber 2014) in higher education
Innovation Learning (IL), we first realized a ‘Sustainability Innovation Lab’ in 2015
in three interconnected and consecutive seminars in the Master program in educa-
tion. At that point in time, we were interested in learning how we might interconnect
and how ‘greening the university canteen’ might be brought about by interprofes-
sional learning and problem solving for regional system innovation. ‘Greening the
University Canteen’ in this sense was a bottom up innovation project, as it followed
the students’ thematic wish for an innovation learning project. Training was realized
in an organizational education perspective in the field of ‘Sustainable Nutrition’.
The lab was expected to support multidisciplinary cooperation, to cross administra-
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tive boundaries and organizational cultures, professional expectations and interests.
Within the Master program in education, students prepared and organized the inno-
vation lab, invited all relevant stakeholders and professionalized by facilitating their
workgroups.

In 2015, together with 50 regional stakeholders we had a one day (6 h) regional
‘Sustainability Innovation Lab’, which took place at the regional council ofMarburg-
Biedenkopf County (nearby Frankfurt/Main) in Germany. Already at this point in
time, the pilot showed how much students and regional stakeholders appreciated the
learning potential of lab-formats. Through lab strategies, students, citizens as well as
other relevant stakeholders were integrated into a process of systematical idea devel-
opment in economical, political, ecological and social sustainability perspectives.
We learnt, that by interconnecting Higher Education and all relevant stakeholders, a
regional ecological cycle in sustainable nutrition indeed can be designed and shaped.
Especially the Student Service Organization, that is in charge of the university can-
teen, proved to be a relevant core actor in the field in order to trigger sustainable
regional cycles.

Although having been successful, the pilot project 2015 showed that (A) A longer
preparation and networking time is needed. (B) A systematically developed project
management approach would be helpful (C) A consistent concept, relating to all
learning levels would be important, (D) An approach, that would reach out to all stu-
dents’ responsibility awareness would strengthen the potential for a problem based,
potential based, self-reliant and networked learning approach. (E) Systematical net-
working of regional partners and the university canteen was regarded as offering a
huge amount of innovation potential for a regional idea management in the field of
sustainable nutrition. (F) Diffusion is important to be stronger supported through a
manual andmedial support in order to learn how to realize and repeat labs and to con-
tribute to diffusion (G) The lab concept should be developed in a more systematical
and interdisciplinary embedding and depth. (H) The concept for realization should
be systematized, theorized more, it should be interdisciplinary embedded, and (I)
it should become an interdisciplinary learning space for students. (J) Institutional
structures and enabling conditions for innovative learning should be developed and
(K) Institutional cooperation with the Students’ Service Organization and University
Canteen at local and national level would have to be strengthened in order to (L) after
a local piloting have a transfer potential for the ‘sustainable university canteen’ at a
national level (58 cities and locations).

1.2 The Innovation Lab Series ‘Sustainable University
Canteen’ 2018–2019: Theorizing, Professionalizing, Still
Experimenting

Based on motivation, good arguments for exploring innovation learning and experi-
ences with lab experiments, we sought to professionalize in the field of sustainability
Innovation Learning in an organizational education perspective (Göhlich et al. 2014).
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In 2018, the research team applied for funding at the German Council for Sustainable
Development, a state funded agency to bring about the political programmatics of
the great transformation (WBGU 2011). In order to transform lifestyles at the level
of “daily culture”, the transformational program supports a whole series of transfor-
mational topics in sustainability. The program ‘Sustainable Nutrition’ supports our
project ‘Greening the University Canteen’ for the year 2018–2019. Its core goals are
to (A) design a refined prototype of ‘Innovation Learning’ based on the 2015 proto-
type. (B) to support the shaping up of the regional nutrition cycle for ‘greening the
University Canteen’ and (C) to contribute like this to a SDG oriented organization
education learning for sustainable development.

Students professionalizing in the field of ‘Network Innovation and Organizational
Education’ for Sustainable Development are trained in a one-year Master’s program
at Philipps-University of Marburg, Germany. Within this organizational education
program, Education for Sustainable Development (ESD) is deepened into an organi-
zational approach (OESD). The module ‘Future Education and Network Innovation’
combined two seminars and one lecture. They interconnect (a) students’ experience-
based innovation learning, (b) the ‘greening of the university canteen’ using a process
approach (based on participatory innovation labs) and (c) support the regional nutri-
tion cycle to shape up into a regional system innovation in sustainability.

The project intends to support integral idea-creation, to connect different sustain-
ability perspectives at the political and regional level, too. As already shown, it carries
the potential to bring about future oriented structures, system, culture and conscious-
ness development. It can support regional circular economy involving university,
student service organizations, producers, suppliers, regional politics and adminis-
tration, as well as students as users of the sustainable university canteen and the
recycling economy. In this ongoing project, we use design-based approaches and
integrate peer-to-peer interviewing, group discussions, participatory lab and work-
shop formats in order to analyze and research the potentials as well as the challenges
on the way towards ‘greening the campus’.

The multilevel approach addressed in the project will be presented in the follow-
ing. At first, we connect to theoretical debates, which portray the topic of the circular
economy as a new paradigm for sustainability and regional innovation systems (RIS).
In present debates, RIS can be seen as a potential not only for industrial high-tech
clusters, but for regional, rural, low tech contexts, too. (2) In a third chapter, we show
our theoretical foundation taken, referring to a Foucauldian discourse perspective
for research, training and development of a consultancy approach (3). The fourth
chapter connects to the lab approach taken and shows the rationalities and perspec-
tives of involved stakeholders, as explored in the starting phase of the project (4).
The fifth chapter presents outcomes of the first lab realized in June 2018 and the
prototypes found in this sustainability innovation lab (5). Finally, the sixth chapter
gives an outlook into strategizing as well as scaling potentials into the national and
international level for the years 2018 and 2019 (6).
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2 The Circular Economy as a New Paradigm
for Sustainability

In the debate about societal renewal towards sustainability, academic debates agree
that especially the circular economy carries the potential to address the pressing
need of transitioning into more sustainable socio-technical systems (Geissdoerfer
et al. 2017, p. 757). Following Geissdoerfer et al. (2017, p. 764), the concepts of
‘sustainability’ and ‘circular economy’ carry many similarities. The authors refer to
the intra- and intergenerational commitments, the agency to the multiple pathways of
development, the need to integrate non-economic aspects into development, the sys-
tem change/design and innovation orientation and the value creation opportunities.
The given value co-creation opportunities of an integrated production cycle reveal
the necessary cooperation of different stakeholders. Besides the potential seen in reg-
ulation and incentives, the resources and capabilities of private business are regarded
as a core potential. For achieving the circular economy, business model innovation
is regarded as key for industry transformation. Technology solutions are regarded as
important and at the same time tricky—as they pose implementation problems.

Traditional perspectives on circular economy primarily connect to the industrial
sector to technology and technical innovation as well as to private business. The
definition used by Geissdoerffer et al. (2017, p. 766) defines ‘circular economy’ as “a
regenerative system in which resource input and waste, emission, and energy leakage
are minimized by slowing, closing, and narrowing material and energy loops. This
can be achieved by long-lasting design, maintenance, repair, reuse, remanufacturing,
refurbishing, and recycling”. Defining sustainability as “the balanced integration of
economic performance, social inclusiveness, and environmental resilience, to the
benefit of current and future generations”, they lack however to include the cultural
dimension. They argue to contribute to ‘strong sustainability’ and ask for analyzing
the impacts of circular economy initiatives (ibid., p. 767).

As Asheim and Coenen (2006) show, regional innovation systems (RIS) relate to
a globalizing learning economy and should not be limited to the industrial or institu-
tional complex. Especially Lundvall (1992) defined, that a learning economy under-
stands innovation as an interactive learning process, which is socially and territorially
embedded as well as culturally and institutionally contextualized. In this concept,
the view on innovation broadens into non-research and development branches, firm
sizes and even traditional regions, low tech ‘industries’ or economical activities. In
fact, Lundvall (2004) already in 2004 argued to see the potential that can be mobi-
lized in traditional sectors, where institutional reforms and organizational change
might promote learning processes. The project to be described and analyzed here
follows the concept of designing a regional, sustainable nutrition cycle: It can be
regarded as a complex regional system innovation as it brings about a specific new,
dimension into account (Doloreux and Parto 2005). Questioning existing routines
and organizations, regional system innovation carries a radical, disruptive potential.

Streams of literature in this field focus on (A) interactions between different actors
in the innovation process, particularly interactions between users and producers, but
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also between business and the wider research community; (B) on the role of institu-
tions and the extent to which innovation processes are institutionally embedded in
establishing systems of production; (C) on reliance by policy makers on analysis,
that attempt to operationalize the concept of regional innovation systems (Doloreux
and Parto 2005, p. 134). The authors make clear that the region becomes a locus of
innovation, that innovation has to be regarded as contextual, that social relationships
become relevant here and that lastly regional and geographical proximity in innova-
tion is crucial. A first stream of research in this field focuses on the functioning of
regional innovation systems in order to specify desirable factors and mechanisms. A
second one offers detailed snapshots of single regional innovation systems to assess
the extent to which they correspond to a ‘truly’ regional innovation system. They
illustrate the interaction, institutional and political dimensions and show the unique
characteristics of specific and individual models (Doloreux and Parto 2005, p. 138).
Again, regional innovation systems are defined as “one that comprises a ‘production
structure’ embedded in an ‘institutional structure’ in which firms and other organiza-
tions are systematically engaged in interactive learning” (Doloreux and Parto 2005,
p. 143). Within this definition, the dimensions of specific production structures,
institutional structures, regional and actor structures a well as interactions and inter-
relations are to be captured for empirical and analytical perspectives. Understanding
the region as a cultural entity, the concept of ‘embeddedness’ is suggested, under-
lining the systemic interconnectedness and interdependency of the region (Cooke
2001). While theoretical frameworks in regional innovation systems as well as in
circular economy relate to a certain extent to the ‘culturality’ and ‘embeddedness’
of processes, the notion of boundary-crossing and transgressing rationalities is less
highlighted in those perspectives. In the following, we therefore briefly explain our
theoretical perspective, in which we connect innovation labs, circular economy and
students’ professionalization for becoming change agents in organizational education
for sustainable development.

3 Connecting Innovation Labs, Circular Economy
and Students’ Professionalization: A Discourse
Methodological Framework

Relating to the theoretical reference points of circular economy, regional innovation
systems and sustainability, we can see that the role of universities has to be taken
more into account than in the past. This should not only happen at an institutional
level.What is neededhere is a systematical theorization of stakeholder integration and
knowledge transitions, too (Weber 2005). In a Foucauldian perspective, sustainability
innovation labs are to be understood as ‘epistemic terrains’, as power-knowledge in
action and as discursive processes. Here, material analysis of knowledge orders and
grammars of emergence play out, thus the ‘modus operandi’ of power-knowledge
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has to be analyzed. Students learn to analyze themodi operandi of ‘inclusions’ and of
conditions for organizational and network change (Marshak and Grant 2008, p. 11).

Our organizational education discourse analytical perspective is grounded in the
Foucauldian archeology of knowledge (Foucault 1972) and is interested in the dis-
covery of transformative potentials and opening rationalities (Weber 2014; Weber
and Wieners 2018; Marshak and Grant 2008). Strategies for a circular economy and
Regional Innovation Systems then have to be analyzed regarding the rationalities
playing out (Weber and Wieners 2018). Especially the issues of equality and sus-
tainability carry normative and value-based conflicts. In our approach taken here,
they are to be understood in their epistemological dimension and act out not only in
institutions but aswell inmedially contested terrains, in performativemedial incarna-
tions. According to this perspective, sustainability strategies then are to be analyzed
as discursive strategies. Following Foucault’s archaeology of knowledge and related
to discourse oriented organizational analysis (Weber 1998) for analysis, we address
the three levels of ‘real relations’, ‘reflexive relations’ and ‘discursive relations’.

As discourses constrain, shape or reify forms of educational practice, higher edu-
cation teaching and learning should be connected to a broader political, economic,
cultural and philosophical agenda. Universities, too, are to be understood as sites of
knowledge creation (Boden and Nedeva 2010; Weber 2013a, b). In this sense, pro-
grams like the one discussed here do not only wish to analyze the discourses existing
in the context of neoliberal Higher Education (HE) strategies (Deem 2001) and to
evaluate rhetorical strategies in the production of policies. Organizational Education
Research and learning for sustainable development is interested in co-creating a crit-
ical as well as future oriented discourse. In order to push the existing boundaries, a
grammar of ‘Organizational Education for Sustainable Development’ (OESD) has
to be developed.

An organization and network theoretical perspective grounded in a Foucauldian
methodological framework is interested in the discourse organizing knowledge, in
the so called dispositive (Weber 2013a, b, 2014). It intends to analyze what can be
said and what has to remain unsaid, what regulates our actions (Defert and Ewald
1994, p. 299) and our minds and subjectivities. Based on a genealogical perspective
(Foucault 1972), regional transformation by labs from an organizational education
perspective can be seen as methodized forms of Dewey’s laboratory school (Weber
2018a, b). The lab then has to be regarded as “a form of community life” and as
“pedagogical laboratory” (Oelkers 2009, p. 273). “Democracy as theoretical norm
of pedagogy” is enacted as well as “experience and action”, “thinking and problem
solving”, “researching learning and project based work” (ibid.).

In this sense, the ‘laboratory school’ generalizes as dispositive in the innovation
lab as a methodized “pedagogical laboratory” (Oelkers 2009, p. 273) and method-
ized democracy. In its shifted mode into methodization, temporalization and focus
on problem solving, we see the innovation lab is a space of expedition and discovery.
Experimentation and norm constitution in process are given core rationalities. Inno-
vation Labs transcend the given and bring about the subject-position of the creative
individual, the ‘artist’, who is a whole-body learner. Newness refers not only to the
absolute new but to new relational patterns. The Foucauldian question ‘Who speaks?’
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connects here to the practice of multi-experiencing and multi-voicing. Drivers and
actors involved in regional transformational processes will be analyzed regarding
the question which rationalities and knowledge sets become relevant in the potential
regional nutrition cycle.

The professionalization of students being trained in a poststructuralist consultancy
approach refers to integrating the power-knowledge perspective on sustainability
into the regional nutrition cycle analysis and in this regard necessary interventions.
Here, it becomes relevant to challenge and to change the prevailing ‘story lines’
(Marshak and Grant 2008, p. 12; Weber and Wieners 2018) and to de-essentialize
and relate to ‘performativity’, to de-individualize and relate to collective practice in
process (Weber 2005, 2017) and as well to enrich sensitivity for situated knowledge.
In a poststructuralist learning approach, students’ professionalization for learning
consultancy does not only refer to the dimension of inclusion of rationalities but
to the inclusion of practice, too. In this sense, students learn to support collective
transformatory processes and to interconnect and enable regional system innovations.
They learn to be aware of the need of inclusion and voicing. They learn to support
the articulation of (systematical) unspeakabilities (Weik and Lang 2007). Moreover,
they learn to include the New and to transcend existing knowledge and concepts. The
programs goals are to develop abilities to deal with “incommensurabilities” (Lyotard
1994, p. 16) and to support the transgression of speaking positions. By analyzing
performative orders in organizing (Spicer et al. 2009, p. 538), they learn to support
rationality transitions.

Labs as discursive practices of inclusionopenup the ‘natural laboratorium’ (Weber
2000, 2002, 2005) towards possible alternative futures. As a ‘methodical democ-
racy’, they support the norm constitution in process (Weber 2006, 2009). In this
sense, they are spaces which intentionally address (institutional and contextual) tran-
sitions in time and space. They organize (un)order, establish communication flows,
(potentially) break up symbolic orders of speaking and listening, question dominant
classifications and interpretations. In the multiperspectivity setting, a systematical
constellation of difference occurs. Labs organize difference systematically. In the
methodical democracy everybody speaks. Labs constellate “being stranger” to each
other and they constellate “bridging”. They constellate “translation” into the ratio-
nality of organized transitions. Labs carry the core function of the inversion of orga-
nization and society. This dimension strongly refers to inclusion, too. In the sense,
they open up into alternative futures and labs can thus be regarded as heterotopical
formats and heterotopical knowledge (Adler and Weber 2018).

Innovation labs therefore are to be analyzed as ‘temporary organizations’ (Weber
2004) on the way towards regional innovation systems. Interconnecting the potential
regional cycle through methodical ‘rituals of transformation’ (Weber 2005) such as
sustainability innovation labs, also brings about the potential of system building.
Using Sustainability Innovation Labs in a sequence of events, the potential of a
Regional Innovation System (RIS) rises. Lab effects and impact potentials van be
analyzed at three levels: (a) the level of rationality of products and processes, (b)
the rationality and impact at the level of regional system development and (c) the
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level of consciousness rising for regional stakeholders, institutions and cooperation
partners.

4 Towards Regional Co-creation and Strategy
Development—Engaging the Regional Cycle
of Sustainable Nutrition

Interconnecting with the city council, regional administration and other stakehold-
ers, the region can emerge into a regional space of citizens’ sustainable culture and
regional circuits in a circular economy perspective. It then does not only relate to
economy, politics and technology, but to civil society, rural regional settings, non-
profit organizations like the university canteen, to university and to students as future
professionals. Likewise, the university canteen can be a starting point in order to
establish sustainability strategies, regional and sustainability-oriented agriculture, as
well as regional market potentials.

The goal of the one-year funded program is to support the greening of the sus-
tainable university canteen and to prototype students’ professionalization in the field
of sustainability consultancy. Based in the Department of Education at the Philipps-
UniversityMarburg, the project is realized in the context of ‘organizational education’
training of master students. Here, we focus on topics of sustainable development,
education for sustainable development, address futurability and innovation, inno-
vation and future learning as also done in programs like ‘network coaching future
designers’ (Weber 2018a, b). Our partner institution in the project is the Students’
Service Organization and its canteen, which are autonomous institutions in the legal
sense.

The master lecture and seminar were interrelated and organized according to the
process of six steps in design thinking. Following the design thinking process we
addressed (1) agenda setting, (2) ‘empathy’: understand the visions and positions
of stakeholders; showing leaks in awareness (3) define: desirability, realizability
and applicability are relevant here. (4) ‘ideate’: idea development for the concrete
realization and design of visions for the future. (5) ‘prototype’, the modelling of
system transformation. In the last step, the prototypes should be (6) ‘implemented’
and be presented in a public event and in a regional setting in order to support
implementation. The interconnected cooperation between regional partners of the
city council and the regional council as well as the existing cooperation with the
Students’ Service Organization, the contact to the roof organization of the student
service organizations allow networking, transfer and diffusion of this approach at the
level of higher education at regional and national level.

For developing this meta-prototype, the regional sustainability context of the Ger-
man city of Marburg was helpful, as we found a consistent regional strategy towards
sustainability and well-being. Replicability and institutional diffusion through the
Student’s Service Organizations at the national roof organization level was regarded
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as a potential for transfer and diffusion. Students, professors and the Student’s Ser-
vice Organizations were regarded as additional supporters for the diffusion of our
prototype. Project documentation and evaluation as well as a manual and a trailer
were regarded as helpful resources for project implementation. Presentation as well
as diffusion and media supported the impact of the ‘Sustainable University Canteen’
model as a regional system innovation.

5 Analyzing the Cycle of Multi-stakeholder-Rationalities

In order to set up the regional nutrition cycle, we first aimed at a better understand-
ing of the rationalities and perspectives of regional stakeholders. The preliminary
results achieved in the preparation of the first ‘Sustainability Innovation Lab’ real-
ized in June 2018 will be presented in the following. The analysis draws on one
visit of the ‘university canteen’ and 10 telephone stakeholder-interviews conducted
by Master-students at an early stage of the process. Especially in the first steps of a
design process, it is core to understand the rationalities of the stakeholders that will
become involved. As for time reasons it is difficult to bring together core actors at
once, stakeholder-interviews are helpful means to get a broader understanding about
mindsets, perspectives, problems and solutions from the point of view of regional
stakeholders. This provides a deeper understanding in order to search for sustainabil-
ity solutions. The lab concept was designed according to the results of the interviews
and realized with the stakeholders involved.

The regional nutrition cycle starts with the producers. How do they see their
situation? What are their needs and wishes? What do they wish to achieve? The
perspectives of producers already show their perceived problem of the mismatch
between limited delivery possibilities and large demands of the university canteen.
Criteria for users’ and producers’ interest in general is, to get good prices. Not nec-
essarily farmers tend to enter production cooperatives: They may prefer to sell their
products individually instead of selling them together with other producers. Farmers
think that they might themselves individually negotiate better for best conditions.
They may not be able to deliver stable prices all over the year and in any season.
Theymay find difficulties in easy delivery needs of the university canteen which only
wishes one cooperation partner for complex deliveries of as many products as possi-
ble. The interest of farmers is to achieve good prices regardless of weather conditions
all over the year. Farmers in general are interested in reaching out to a high amounts
customer if the price is right. They might have to solve together with other farmers
the problems of packing quantities and container sizes. As well they might have to
solve problems and questions of pre-processing stages (such as 250 kg potatoes daily,
which have to be peeled and washed before entering the university canteen for fur-
ther processing). Would farmers be willing to reach out for more organic, seasonal,
regional, sustainable production? The analysis clearly shows, that farmers react on
policy incentives and support. As the EU farming policy supports energy-oriented
crop production (e.g. corn), most farmers will not follow ethical but economical cri-
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teria. So, could a regional cooperative cover the demand of customers such as the
university canteen and would they be able to deliver regional, seasonal and organic
products? What other solutions could support solving the problems addressed here?

The second ‘interface’ in the cycle refers to the providers like the university
canteen. As we can expect, their perspective and view on producers is different to
the one of producers. Here, we find the problem of gaps between large purchase
demand and previously limited production and offers. Criteria for providers like the
university canteen are to receive conveniently located and wholesale shopping from
one single source. Interests of the university canteen are to achieve stable prices over
the year. The university canteen needs large packed quantities and container sizes
and pre-processing stages for their food (such as potatoes peeled and washed). Could
a regional supply cooperative better cover the demand of regional, seasonal organic
products for large customers such as canteens? What other solutions could solve the
problem?

The third connection point of the regional nutrition cycle refers to the view from
providers to users. Here we find the problem of expected higher costs for sustainable
food. The university canteen decisionmakers fear that studentsmight not support and
accept sustainable food. They might not be willing to eat regional, seasonal, biologi-
cal, vegetarian, vegan. As we can see, criteria for ‘providers’ are to offer cheap food
and to meet customers (imagined) requirements. The university canteen of course
does not want to lose customers in the competition of suppliers and restaurants which
in a university city can be found in a broad range. Moreover, the university canteen
does not wish to ‘educate’ customers but to satisfy customers’ requirements and
needs. It does wish to correspond to the public interest and to promote public wel-
fare. Questions arising here refer to possible marketing potentials: Could sustainable
food be awarded with ‘sustainability stars’ and could more attractive offers be cre-
ated? How could a product line cover regional, seasonal organic, vegetarian, vegan
dimensions and then offer a stable marketing base? Could students’ chip cards carry
a ‘bonus’ to be provided with a free ‘Regio Plus’ meal when filled? Can the canteen
adopt a sustainability marketing strategy? Could the canteen be able to realize a
sustainable development approach oriented towards collective well-being?

Especially in the field of the regional nutrition cycle there are a lot of regional
potential structures and resources. On the one hand, the users’ and customers’ side
(e.g. networking with engaged citizens like ‘vegan groups’, the movement of vol-
unteers the ‘Tafel’, initiatives like the ‘Community Supported Agriculture’ (CSA);
supply cooperatives; the “TransitionTown”movement, aswell associations and orga-
nizations in the field of sustainable agriculture, sustainable trade, etc.) can offer a
huge potential. The fourth ‘interface’ in the regional nutrition cycle refers to the cycle
perspective from users to providers. The perspective of users is important here, as we
face the problem of not distinguishing the origin of the food. Users like students or
professors who are getting their lunch in the university canteen might wish to have a
broader and stable supply of regional, local and biological food. They miss regional
food and see the problem of lacking food diversity in the range of sustainable regional
food. Moreover, they problematize the leftover food which might not necessarily be
recycled. They problematize the lack of information.As the university canteen indeed
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already is trying to support sustainable quality, this fact is not known in the public.
This is why a sustainability marketing might help to support prioritizing sustainable
food strategies. Like this, the existing supply policy of fixed portion sizes might be
changed. As well, fixed combinations of main course, side dishes, salad or dessert
might be changed into more flexible arrangements, in order to avoid leftover food.
Users like students reflect on the lack of health orientation in the provided food.
Again, the university canteen claims to have a low level of processed food—and
again, these existing qualities are not known to the public. Students wish a higher
level of nutritional awareness. Their criteria as ‘users’ relate to get delicious food
and not to spend a lot of money on it. They wish to be offered healthy and sustainable
food and they wish tomake value-based decisions in their everyday life. In this sense,
they want to buy ‘good conscience’ in sustainability. When appropriate incentives
are given, users will support a university canteen’s sustainability strategy. Students
would wish a convenient approach in which any sustainability item might easily be
booked on and off via the chip card. Questions raised here refer to the question,
whether ‘Regio-Stars’ might be used as a marketing tool in order to stimulate sus-
tainable diets and sustainable lunch buy? Can ‘Regio-bonus-points’ be established as
an incentive system for sustainable nutrition in the University Canteen? Or can users’
acceptance be increased by increasing visibility by better placement of sustainability
menus? Can different spatial arrangement change student’s willingness to become
sustainable consumers?

Furthermore, regional politicians and administration have to address the topic
of sustainability strategies. Regional politicians reflect on the problem of excessive
expectations towards policy-makers and administration and the problem of lacking
fiscal possibilities of control. They refer to wrong energy-policies at the EU level
and to funding strategies which they cannot change at the local level. They talk
about the problem of attracting many people to regional sustainability strategies and
the problem of ‘right’ funding policy. According to political actors, sustainability
strategies should be embedded into public welfare economics and should support
the regional climate goals and support an integrated regional marketing. In general,
the field of politics wishes to stay attractive for voters and wishes to maintain and
expand power. Regional economy should be supported and improved towards a stable
regional development. Can the acceptance of regional citizens be enhanced by a
stronger regionalmarketing strategy?Canpolicy create its own sustainability strategy
by canteens and schools? Can regional attention be increased by press and marketing
strategies? Can the topic of sustainability and sustainable nutrition even stronger
be anchored in the consciousness of students? Could regional integrated supply
structures be supported by regional sustainability ‘brokers’? Would policy promote
cooperatives for producers, providers and consumers?

Finally, the whole food cycle has to be taken into account in a network innova-
tion approach. Here, the problem of competition, of partial interests and institutional
selfishness emerges. In a network perspective, the problem of isolated institutional
strategies has to be handled. The lack of occasional structures for public welfare
economics is addressed. Criteria for ‘network innovation’ are to anchor the crite-
ria of public welfare economics, to support the regional climate targets, to support
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networking for integrated development and to promote regional ecology, economy,
culture, and social affairs towards sustainability strategies. How can solutions be
found and designed in joint participatory processes? How can the university and its
region work closer together? How can a regional public welfare approach be scaled
into a regional strategy development? Could regional ‘Nutrition Councils’ provide
an appropriate access within a “decentralized democracy”? (Willke 2016) Can the
marketing instrument of extra bonus points or ‘regional sustainability stars’ pro-
vide appropriate incentives for network innovation? How can awareness-raising be
supported, how can it emerge in the region?

6 Greening the University Canteen: Prototypes
and Prelimimary Results

In June 2018, the sustainability innovation lab was prepared as a 6 h format and
co-facilitated by students. About 60 regional stakeholders came to develop proto-
types for regional sustainability solutions for the sustainable university canteen. In a
highly structured six step design approach, the innovation lab ‘Sustainable Canteen
in the Regional Food Cycle: Produce—Market—Consume—Recycle’ was realized.
The common interest and commitment for a regional sustainable nutrition cycle
brought together relevant stakeholders. In mixed groups, each station representing
the regional nutrition cycle (producers, distributors, users of canteens, politics, and
network innovators) was addressed and systematically developed over several steps
of the design process. In the design-thinking workshop, students worked as co-
facilitators and experienced the complexity of the field. Seven different stations
developed seven different prototypes which will be presented here shortly: Based on
the problem definitions of stakeholders, the participants developed ideas and from
there focused on solutions, which were developed as prototypes and which were
tested by the plenary followed by a ‘next steps’ planning phase:

To strengthen the regional nutrition cycle and to green the university canteen,
regional sustainability strategies should be developed jointly. The expertise, interest
and strength of all actors involved was to effectively strengthen regional production,
marketing, consumption and recycling. Itwasmeant to develop a partnership between
the university and regional stakeholders.

As the method of design thinking supports the development and design of proto-
types, concrete prototypes were developed: In the group of producers, suggestions
were made how regional providers might cooperate and offer sustainable crops to the
university canteen. Like this, options for new co-operations and contracting poten-
tials with the university canteen emerged.

A second idea referred to a regional brokerage-platform for producers and
providers. Like this, supply and demand might be matched. Moreover, the platform
might address logistical, contractual and legal issues, and provide a regional, digital
marketing platform.
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The group ‘Network Sustainable University Canteen’ suggested the prototype of
an online platform and project database which might provide an ideal opportunity
for topic-related knowledge- and innovation-management all over the 58 university
canteens. The demand was recognized, as the roof organization does not provide a
specific knowledge management in the field of sustainability.

Another prototype suggested sensitizing and inspiring users and consumers of the
university canteen by promoting the topic of sustainable nutrition. Through person-
alized regional recipes brought about in students’ ‘sustainable recipe competitions’,
identification with regional producers and the canteen itself would be supported.
The group saw sustainability marketing as core in order to support regional and
sustainable product identification, marketing and consumption.

In the field of public attention and awareness rising, another prototype was sug-
gested. Here, the idea of a regional ‘Food Policy Council’ was brought up. Involving
civil society and citizens as a kind of advisory board, the ‘Food Policy Council’
is meant to be a supportive format for a regional sustainability strategy. The ‘Food
Policy Council’ would support networking, communication and transparency. As a
pressure group for sustainable nutrition, it might more directly support shaping up a
sustainability strategy for the region. Food Policy Councils bring different partners
together and support articulation of civil societies’ voices. As representatives from
other cities’ ‘Food Policy Councils’ were present, they supported the formation of a
regional working group. Concrete appointments were already made to put the ideas
into action.

Another group developed the prototype of a ‘sustainability-ideas-lunch-table’.
They proposed amonthly meeting, so that the direct exchange between the university
canteen and its users may be strengthened and established over time.

As we can see, the innovation lab brought about many prototypes which will be
followed up in the ongoing process in 2018 and 2019. The diverse support of all
participants and contributors showed the great interest in the topic and the wish to
follow up the process over time. The evaluation of the innovation lab showed the
big success. The design thinking approach was regarded as most helpful in order to
bring about change towards sustainability strategies. Furthermore, the process was
regarded as very productive and the results of the process were considered as carrying
a lot of potential for change. Participants highlighted the need for an implementation
strategy and the institutional will of decision makers to bring all these prototypes
into existence. People saw that it takes time to realize the prototypes. Others hoped
that actors would not be left alone in realizing those processes and finally others
mentioned that the good ideas need to be defined and refined in a more detailed
way. Many stakeholders commented that they would wish the process to continue in
order to advance towards an integral regional sustainability strategy and to green the
university canteen—together with all the other canteens in the region.
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7 Outlook: Analyzing Professionalization and Strategizing
into the National Level

Interconnected with our higher education Innovation Learning (IL) approach, a
design research process is realized. Based on a visual narrative methodology (Weber
2013b), the learning and professionalization process of students and the transforma-
tional learning process of professionals in a longitudinal approach (Brake 2018) are
analyzed. We are interested in identifying potentials as well as limitations of the pro-
cess and of students’ professionalization into organizational education consultancy
learning in the field of sustainable development. We are interested in learning more
about the professional development of students and the relevance of collaborative
actions between various agents. We use participatory research as a transformative
research approach (Hopkins et al. 2014; Della Porta and Diani 2015; Weber 2009,
2014, 2018b). Like this, in order to avoid predetermined schemes of analysis, we
use participatory deliberation and inquiry approaches. Like this, we wish to increase
the commitment of the educational and learning communities involved, too. In the
ongoing process, we will learn how to improve the professionalization of students
and their transformation processes. We will identify the strategies to enhance profes-
sional development. Promoting the democratization of knowledge, we furthermore
support the visibility of voices outside the academic context (de Sousa Santos 2006).
The program in this sense experiments with disruptive actions between the univer-
sity, educational and societal innovation. Using visual narrative methods for students
as well as for regional stakeholders, we expect to raise student participation in the
reconstruction of curricular innovation experiences and to support the polyphony of
visions, perspectives and skills. In this sense, experimental projects like this bring
about the polyphonic structure of discourse (Bakhtin 1981, 1987).

In our research perspective, we are interested in professionals’ learning, in order
to understand better the preconditions of regional innovation cycles, to be analyzed as
organized interplays of tacit and codified forms of knowledge (Asheim and Coenen
2006). Asheim and Coenen (2006, p. 164) suggest analyzing the interactive, collec-
tive learning based on intra- or inter-organizational institutions (routines, norms and
conventions). They assume, that these bring about regulations for collective actions.
In our discourse-oriented transformation perspective and in our ongoing research per-
spectives, we are interested in potentials for change towards the regional nutrition
cycle.

Moreover, social interaction (Adger et al. 2005) and experience based approaches
give insights in the professionalization learning of students in their professional
development. The learning process and outcome-oriented perspective does not only
focus on formal, but also on informal and implicit learning modes. Through image-
based approaches, students will reflect how they develop intuitive knowledge in
incidental learning (Marsick and Watkins 1990) taking place in the program expe-
rience. Learning here does not only refer to ‘explicit’ learning, but to the level of
implicit professionalization of students, too. Both successes and mistakes, aware-
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ness (Smylie 1995) in unconscious and conscious activities can be reflected in the
professionalization process of students as future professionals.

As we can already see, complex processes like collective innovation learning
between students and regional stakeholders presented here, offer a lot of poten-
tial—and are challenging at the same time. The chapter focused on the learnings,
approaches taken, the way we theorize labs and discursive change strategies. As the
project still is ongoing, the chapter is limited regarding the ability to report final
outcomes already.

Nevertheless, the project carries the potential for scalability, once interconnecting
the federal level, the roof organization of students’ service organizations and the field
of higher education ‘canteening’ towards healthy and sustainable food. The Students’
Service roof organization is already interested in approaches like replacing animal-
based products, green production and trade, cooperations with farmers, supply, the
sustainable value chain, the field of sustainable nutrition in general. As the roof
organization has already developed suggestions and publications, this potential can
be used for the project, too. The project ‘Greening the University Canteen’ sees the
scaling potential for the 58 member-organizations of university canteens, too. These
organization are being autonomous members, in the future, formats have to be found
to involve interested member organizations. As dialogical formats offer a special
potential for diffusion, the national roof organization might be a natural partner to
use ‘Sustainability Innovation Labs’ for implementation and diffusion of sustainable
circuits in nutrition at national and even international level.

Like this, universities can contribute and support transitions towards sustainabil-
ity. Mobilizing and engaging communities for sustainability in campus development
is a potential, which should be used much more (Too and Bajracharya 2015). Univer-
sities can become much more integrative regarding their approaches to implement
sustainable development (Leal Filho et al. 2015; Faghihi et al. 2014). They need
to travel the road from ‘little victories to systemic transformation’ and become a
learning organization (Sharp 2002) in order to systematically implement sustainable
development at an institutional level (Leal Filho et al. 2017a, b). They can orga-
nize for transformative teaching, learning as well as a transformative sustainability
science for systemic change (König 2015). These strategies will be shaped and pre-
conditioned, too, by funding schemes, by human resources schemes and by time
provided.

Given all the preconditions and complexities for higher education learning and
teaching modes, fortunately, the project carries potentials for cooperation not only at
the local and regional but at the federal level, too. Fortunately, as well network struc-
tures support to dynamize this process as a level of system building and collective
learning. University networks such as the German ‘HochN’ support the acceleration
of sustainability learning and transformation in higher education institutions (HEIs).
This extensive inter- and transdisciplinary network supports to exchange findings,
experience, methods in order to support sustainable development at an institutional
level. Projects like the one explained here will allow to promote sustainability related
development of HEIs. Teaching, research, operations, sustainability, reporting trans-
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fer and governance are the relevant fields of action. The network wishes to support
sustainability as a core theme for higher education institutions.

The recognition of this key objective has been increased over the last decades
(Barth 2016; Michelsen and Fischer 2016), but sustainability implementation still
is a critical issue. Still, sustainability governance is rarely dealt with (Spira et al.
2013; Baker-Shelley et al. 2017). As always local conditions will differ in sizes,
locations etc. and always be specific, change strategies towards sustainability in
general will need to be adapted. Leal Filho (2015) has suggested a typology of
HEIs and their sustainability processes. At any level of institutional integration,
participatory approaches and innovation labs will be crucial to bring about strategies
for sustainability. Engagement and spirit will be core for institutionalizing processes
(Disterheft et al. 2015; Shriberg 2002; Spira et al. 2013) on the way towards greening
the university canteen and bringing about regional innovation systems in the circular
economy.

As we have seen based on our ongoing project, HE professionalization of stu-
dents, regional circular economy and a scalable model for learning ‘Organizational
Education for Sustainable Development’ (OESD) as well as transfer and diffusion
might become a ‘concrete utopia’ to be followed up. In a Foucauldian notion stake-
holders and promoters of this project can see a ‘heterotopia’ rising—as there is no
other space than the earth we share and the discourses we live in.
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Abstract Institutions of Higher Education are of strategic importance to increase
the awareness on sustainable development. The Green Campus initiative intends
to implement infrastructure on university campuses which have concrete and visi-
ble environmental, economic, and social impacts. These impacts are to be obtained
through the involvement of campus members, sustainable infrastructures, classes,
research, management, communication and through outreach. These initiatives
develop resources for environmental education efforts to reach campus members
in efforts to teach about sustainable development. Therefore, this research intends
to analyze a South American University student’s opinion about sustainable devel-
opment (people) and university infrastructure for sustainable development (place).
This study was developed by descriptive statistics techniques, and by a survey that
resulted in 305 answers from students at the Business Department of the University.
This article will increase the academic knowledge about Green Campus through
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empirical data and will provide recommendations for the next path regarding sus-
tainable initiatives in Higher Education Institutions.

Keywords Green campus · Green universities · Sustainable development ·
Sustainable universities

1 Introduction

While sustainability is about the common future of humanity, for universities itmeans
the development of sustainability knowledge, and the implementation of more bal-
anced and conscious initiatives and practices. Sustainability means the transforma-
tion of universities into organizations which respect environmental boundaries at the
same time in which desires and social needs. This mission has justified the formation
of the Intergovernmental Conference on Environmental Education, in 1997, which
brought sustainable development education as an important factor for the promotion
of sustainable development (UNESCO 1977). The Talloires Declaration describes
10 sustainability commitments made by universities. This paper is guided mainly
by commitment number 5: to promote practical institutional ecology (Association
of University Leaders for a Sustainable Future 1990), and by the 2030 Agenda for
Sustainable Development of the United Nations.

The institutional mission of universities in society implies a very important role
for the provision of sustainability (Yuan and Zuo 2013). The role of a university
regarding sustainability encompasses elements that start with its mission, education
and research, management, external stakeholders (Kościelniak 2014). Universities
can contribute to sustainability internally by campus sustainability, sustainability
policies, environmental initiatives, curriculums and research. Lastly, universities hold
the unique and important capability of impacting the external community as an
agent of change (Beynaghi et al. 2016). One of the plan actions for the promotion
of sustainability in universities campus is Green Campus Initiatives. Green Campus
consists of strategies that allow the university to develop structures that aim to reduce
negative environmental impacts, as well as provide an environment that positively
affects social development, focusing on innovative actions towards sustainability.

Once universities are established with substantial infrastructure, they present a
great movement of people and a great number of buildings. The users of the cam-
pus, mainly students, have strategic opinions for the success and continuity of the
sustainability projects performed by universities, being that great part of these initia-
tives aims to raise students’ awareness for the promotion of sustainable development.
Therefore, this research intends to analyze a South American University student’s
opinion about sustainable development (people), and university campus infrastruc-
ture for sustainable development (place), contributing to the efficiency of sustainable
development promotion, as well as literature regarding sustainable campuses. This
study is also important for future innovation initiatives within university campuses
of developing countries. Since universities have become a platform for the inno-
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vation of strategies for the promotion of sustainable development, they offer great
opportunities to find data and thus adapt projects and improve future studies.

2 Literature Based Study: Green Campus Initiatives

To achieve a transition to sustainability, universities need to consider a series of
factors. Darus et al. (2009) suggests improvements in political, social, technological,
economic and environmental systems. Away for universities to engage in the concept
of SustainableDevelopmentEducation (SDE) is through themodel ofGreenCampus.
According to Saleh et al. (2011) the greening process of campus is focused on
sustainable initiatives, which aim to improve efficiency, protection and restoration
of ecological systems, in addition to the well-being of campus users.

In the document Green Campus Strategy from the Middle East Technical Uni-
versity—Northern Cyprus Campus (2015), Green Campus is defined as a social
responsibility initiative, with planned actions, taking into consideration a notion of
sustainability and respect for the environment. Meanwhile, every social actor par-
ticipates with the aim to create a cooperative network that will bring benefits to
society. In this context, universities are perceived as small cities, which have the
aim to become more sustainable due to their size and impacts within society and the
environment (Lauder et al. 2015; Wong et al. 2012). Sustainable campi became a
matter of global interest for stakeholders and higher education institution managers
(Alshuwaikhat and Abubakar 2008; Velazquez et al. 2006).

The ‘greening’ process of campus is concentrated in sustainable initiatives, such
as, improving efficiency, protecting and restoring ecological systems, and reinforcing
the well-being of all campus users. That involves 3 factors according to Hooi et al.
(2012): people, process and place. People are linked to staff, students and campus
visitors and their routine. The factor process is linked to all the primary and secondary
organizational processes. Place is linked to all the aspects of housing, how to decide
about a building location, technical and functional technique.

In this paper, Green Campus’s are presented as Higher Education Institutions
which are able to develop a proper campus infrastructure for the interactions between
management, environment, society and university in a sustainable way. In Fagnani
and Guimarães (2017) perception of “greening the university”, it is necessary to
develop sustainable energy plans, reduce greenhouse gases emission, manage waste
and recycle, preserve water resources, and reduce carbon footprint. The authors
Suwartha and Sari (2013), present indicators for sustainable campus, divided in 5
categories: configuration and infrastructure; energy; waste; water and transportation,
which is also the focus of Fagnani and Guimarães (2017) propositions. Afterwards,
Ribeiro et al. (2017) defines energy efficiency actions, renewable energies, water
efficiency, efficiency in transportation, waste management, and environmental edu-
cational programs as the key categories for the implementation of a green campus,
showing Fig. 1.
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Fig. 1 Green campus multi-criteria tree and weight. Source Ribeiro et al. (2017)

These options presented by science have been widely implemented by univer-
sities with the goal to make their installations greener. Universities mainly focus
on reducing the demand for energy, reducing the production of dangerous waste in
universities campuses, and promoting a curriculum on sustainability and sustainable
development (Alshuwaikhat and Abubakar 2008; Roy et al. 2008).

As for these initiatives, despite the categories, success lies in the interactions
between the different actors. Ávila et al. (2017) highlights the need for the participa-
tion of the academic community, as it is a crucial factor to overcome sustainability
barriers in higher education institutions. However, it is also necessary to raise aware-
ness of staff and students. Information supply and campus sustainability might be the
aspects that indicate sustainability from the student’s perspective andmight influence
their behavior. Therefore, the environment created, alongside the information supply
and awareness acquired through lectures and courses, might enable students to act in
a more sustainable way and reach significant results in the search for sustainability
(Dagiliūtė et al. 2018).
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Authors Nejati and Nejati (2013) explored sustainability practices in universi-
ties from the perspective of students. They suggest four conceptions to measure the
university sustainability practices: (1) community outreach; (2) sustainability com-
mitment and monitoring; (3) energy waste; and (4) land use and planning. Dagiliūtė
et al. (2018) studied the role of students on sustainable development in universities
and showed that students consider social aspects more important for a sustainable
university than environmental aspects, such as saving energy among other action.
The studies of Dagiliūtė et al. (2018) point that the most important determinants
are environmental data and campus sustainability. It is necessary that universities
make students’ participation more active in sustainable university activities, such
as the stimulation of sustainable transportation systems, energy savings and reduce
greenhouse gases, instead of only providing guidance regarding the inclusion of
sustainability topics: recycling, reusing and reducing.

Higher education is significant for intellectual development. Universities perform
more significant actions for the promotion of sustainability on campuses, such as
energy saving programs, waste management, food services and, in that manner reach
the behavioral model of students allowing a deal of sustainable perspectives to exist.
Governments try to improve international competitiveness through strengthening
higher education. The views of the University in relation to sustainable develop-
ment will keep transforming and adapting their structures and functions to develop
scenarios and studies according to environmental challenges.

3 Methods

The categories for Green Campus implementation were identified from the analysis
of papers regarding the theme. The categories aremainly linked to themaintenance of
resources within the university, and the areas that impact the environment negatively,
society or with a great waste of money. The main categories are: clean energies,
energy efficiency, water efficiency, waste management, sustainable transportation,
and education and awareness for sustainability (Ribeiro et al. 2017).

To approach the research question, the authors chose a quantitative, descriptive
method of data collection. The student population of the SouthernUniversity of Santa
Catarina (UNISUL)—campus Grande Florianopolis. A list of population elements
was elaborated from data coming from the university. Initially the list had 6.590
students in the database in October 2017. However, the sample ended up with 305
respondents, who agreed to participate in the collection and gave valid answers. The
answer rate is of 4.6%, trust level of 95%and errormargin of 5.5%. The period of data
collection of this research was from December 2017 to February 2018. The data was
analyzed through descriptive statistic techniques, using the software SPSS—Version
24 and Microsoft Excel—2016.

The self-administrated survey was distributed via online and had a customized
invitation send through e-mail. The survey was drawn up in the scales made by Hooi
et al. (2012). The questions were developed in Linkert scale of 5 points, containing
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questions of agreement and importance. The survey went through face validation,
involving 3 marketing and sustainability professionals, afterword, through a pre-test
with 10 specialists in the subject (not included in the previously formed sample).
From face validation and pre-test, some improvements were conducted: items essay,
and adjusts in the introduction text.

The work is limited to the categories selected according to the methodology
adopted, and, to the students of the university where the research was applied. In
addition, the research is still limited to themethods adopted. Therefore, it is suggested
to reapply the research in other universities.

4 Data Presentation and Analysis: People and Place

With the universities developing projects focused on sustainability on campus, one of
the objectives is the interaction of studentswith the projects. The interactions between
university and students serves to raise awareness on the importance of sustainable
development for future and present generations and thereby forming prepared leaders
for current global challenges.

The students of SAU were asked if they had any knowledge about the concept of
sustainable development. The results in Fig. 2 shows that 50.2% of students affirm to
have some knowledge regarding the concept (sum of scales 4 and 5). Although 49.8%
affirm to have little or none familiarity with the concept of sustainable development.
The result of this measurement meets the researches of Ávila et al. (2017) which
conclude that to overcome the barriers of sustainability in universities must increase
the awareness of staff and students. If the students know the concept of sustainable
development, even though they have little familiarity, we can infer that these practices
are not a part of their daily life, their routines. One of the best ways to improve that
issue would be through awareness. As Ávila et al. (2017) mentioned, not only the
students must raise awareness, but also the staff, since they are in direct contact
with students. Teachers might also influence the student’s opinion, either for their
discourses, for their actions, or for a way of setting an example.

Sustainability projects in most of the universities are limited to specific courses
and are not necessarily linked to research and development. They are separated
form campus operations. This fragmentation wastes an opportunity to leverage bet-
ter results and resources invested in sustainability initiatives (Mcmillin and Dyball
2009). In Table 1, the data shows how students of SAU get informed about sustain-
able development, with the percentage (sum of scales 4 and 5), average and standard
deviation. The results demonstrate the preference for two types of information, being
Social Medias (such as Facebook, Instagram, Twitter and others) and Mass Medias
(television, newspaper and radio). Students use more external means of information,
such as social medias and mass medias, rather than information provided by the
university itself.

These students follow a Brazilian pattern, 91% of Brazilians confirm to use the
internet to get information, 79%use television (Reuters Institute 2017). Research and
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Fig. 2 Student’s opinion about knowledge regarding the concept of sustainable development

Table 1 Main means of
information about sustainable
development

Means % x σ

Social medias/Internet 56.4 3.5 1.2

Mass medias 51.5 3.4 1.3

Lectures 39.3 3.0 1.4

Class activities 38.0 3.0 1.4

Research 38.0 2.9 1.5

Extension activities 20.3 2.2 1.4

extension activities got the lower levels (38% and 20.3% respectively). One of the
points raised is that socialmedias andmassmedias are amean of indirect information.
This means, the user is passive, it does not seek for information, it uses social net-
works, or watches TV channels, read newspapers, that in a determinate moment find
information about sustainable development and from that it gets informed, that is, it
does not use these means exclusively to get informed regarding sustainable develop-
ment. Otherwise, academic activities, mainly research and extension demand more
actions from the student, with him searching for information, although not every
student participate in that kind of activity in SAU.

It can be concluded that the data obtained by these questions, indicates that univer-
sities must use online means more frequently for the propagation of their activities
linked to sustainable development. This characterizes a trend in all sectors of soci-
ety. The first question raised from data, was that scientific databases were not used
to gather information, and if that made a part of the students not to feel comfort-
able in acknowledging that they possess knowledge about the concept of sustainable
development. According to Table 1, classroom activities, research and lectures are
with approximately 38% from information means each, whilst agreement in possess-
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ing knowledge regarding sustainable development is 50.2%. As mentioned before,
awareness for sustainability action involves teaching policies, changes in main pro-
cesses (such as increasing sustainability contents), sustainable shopping for the rou-
tine of the university and others (Djordjevic and Cotton 2011).

Dagiliūtė et al. (2018) shows that from the students’ perspective, if SAU provides
information about sustainability, it might influence the behavior more than official
statements. Since an environment created in a way to facilitate this information tends
to be more efficient, it gives students the capacity through lectures and courses to
act in a more sustainable manner. Through that, we can infer that courses, lectures,
disclosures and actions within the university bring better results than extensions
(which involves activities outside the universities), research (that the student needs
to search for information) and, activities in classroom (possibility to abandon the
focus of the discipline).

Since in that way, the student will be in touch with sustainability, and they will
thus learn how to observe and listen in a manner that does not take them out of
their routine and that does not interfere in its activities. It can be speculated that this
contributes to better results.

According to Fig. 3, 91.8% of students consider that sustainable development is
important or very important for society, the environment, and the economy (despite
49.8% being neutral, or not agreeing in having knowledge about sustainable devel-
opment—Graphic 1, shows a shock between understanding it is important but not
getting informed). Despite students considering important, when we analyze daily
habits (Table 2), we can see that a great part of actions is focused on saving resources
and resource management, energy and water savings, or garbage separation. In the
scope of transportation, 44% of students use an “environmentally friendly ride”,
public transportation or bicycles to go to the university, since the University does
not have a sustainable transportation program in the campus. Social work or par-
ticipating in events about the theme are below the other options. Dagiliūtė et al.
(2018) have identified that for Kaunas University of Technology in Lithuania the
social aspect for students is more important for sustainable development; something
that wasn’t verified in the routines of the Brazilian students. The respondents of this
research affirmed that saving water, energy or managing waste are routine activities,
presenting a high medium and a low standard deviation.

Table 2 Sustainable practices in the students daily life

Initiatives % x σ

Save energy 72.5 3.9 1.0

Save water 68.5 3.9 1.1

Select trash 63.6 3.7 1.3

Use sustainable transportation or with the least impact in the environment 44.9 3.0 1.6

Participation in events or activities about sustainability 19.7 2.1 1.4

Perform social work 17.7 2.3 1.3
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Fig. 3 Student’s opinion about the importance of sustainable development

Students affirm to possess some factors that influence their decisions regarding
sustainable initiatives on their day to day lives. This paper has divided the factors
that influence the student’s decision regarding sustainable development in two parts:
internal and external influences. The following internal influences were considered:
personal values and habits, cost, convenience and guilt. As external factors: fam-
ily, campus policy, friend’s motivation, university management and governmental
support. Between the two groups, according to Table 3, students consider that inter-
nal factors have a greater influence than external factors (mediums of 66.8% and
35.6%, respectively) and, internal factors present a low standard deviation, indicat-
ing a smaller data dispersion in relation to themedium.Although this paper highlights
that personal values considered internal factors, these values are also constructed by
external factors, from family, education and government policies, and those being
able to have a direct influence in values, such habits or student’s guilt. Educational
programs for sustainability have the change the attitudes and the values of citizens
in relation to the environment and society as their mission (Arbuthnott 2009).

In Fig. 3, it is attested that 89.5% of students consider universities important or
very important for sustainable development. Although when comparing to Table 3, it
is observed that 37.7% of students consider campus policies an influential factor on
their decisions and 31.1% of students consider university management an influential
factor for sustainable development. This fact lacks qualitative analysis, a hypothesis
raised by this paper is that students might understand sustainable development in
the university as a generator of technology and knowledge and that way promote
sustainability. That is, a “magic formula”where technologywill solve the problemsof
climate change, gender inequality, lack of jobs, injustice, extreme poverty or resource
waste does not exist. Although, if proven, this fact lacks a bigger engagement by the
university for student awareness. Sustainability cannot be seen as an end, but as a
process, as Dale and Newman (2005) also affirm, that emphasizes the integrating
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Table 3 Factors that influence decisions regarding sustainable development

Factor % x σ

Personal values 79.7 4.2 1.0

Personal habits 73.4 4.0 1.1

Cost 67.5 3.9 1.1

Convenience 64.6 3.8 1.2

Guilt 48.9 3.3 1.4

Family 46.2 3.2 1.3

Campus policies 35.7 2.9 1.4

Friends motivation 34.1 2.8 1.4

University management 31.1 2.7 1.4

Government support (public policies) 30.5 2.7 1.5

Fig. 4 Student’s opinion about importance of universities for sustainable development

nature of human activities, and therefore the need to coordinate different sectors,
jurisdictions and groups, which leads to a need of cooperation in different levels
(Litman and Burwell 2006) (Fig. 4).

Several propositions regarding education for sustainability in higher education are
limited to the scope of educative actions. The environment is not globally acknowl-
edged in education, consequently, the network of relations between people, society,
and the environment (which is the focus of SDE) is partially considered. For exam-
ple, some discourses and practices relative to education for sustainable development
adopt a narrow vision of the educative environment; focus only on the classroom,
which does not assure lasting results (Sauvé 1996). After that step, the researched
university has developed in the past 5 years at least 7 great projects in favor of
sustainable infrastructures in campus. They were renewable energy projects, energy
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efficiency projects, waste management projects, water efficiency projects, and envi-
ronmental education projects. This does not count the research and extension projects
conducted as well. From the 5 focus areas of this paper, presented in Fig. 5, only
39% considered that the university has been developing routine actions of sustainable
development. On the other hand, 29.8% of the students mention that the university
does not act on these initiatives and 31% has not formed an opinion on the subject.

The results in Table 4 present the sum of scales 4—agree and 5—strongly agree,
regarding green campus initiatives performed by the studied university. The highest
values reached 30.8%, which was Waste Management and 10.8% for the promotion
of sustainable transportation. Although, they present a high standard deviation and
point to a bigger dispersion of data in relation to the medium. The value is smaller
than expected by the university, even with the search for a more sustainable policy
in campus. According to Ávila et al. (2017) higher education institutions must pro-
vide information sustainability efforts fitting to the student’s routine. Therefore, the
environment created, alongside the data supply and awareness through courses and
lectures, might capacitate students to act in a sustainable manner, as Dagiliūtė et al.
(2018) also point out.

The task of universities is to provoke the participation and awareness for sus-
tainability in society (Lauder et al. 2015). The data from this research point out
that practically 2/3 of the students do not see the university having green campus
opportunities, therefore, it is understood that the university has failed in this aspect.
Velazquez et al. (2006) points out that a key strategic move for sustainability in uni-
versities starts with the members of the institution behaving according to sustainable
development principles, meaning that all resources are being used to accomplish the

Fig. 5 Student’s opinion about sustainable development promotion at the university
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Table 4 Green campus
actions performed by the
university

The university in which you study has
actions for

% x σ

Waste management 30.8 2.7 1.4

Renewable energies 29.8 2.7 1.4

Energy efficiency 23.2 2.5 1.3

Water efficiency 12.1 2.2 1.1

Sustainable transportation promotion 10.8 2.0 1.2

university’s mission in a sustainable way. In this aspect, the studied university may
be going through some barriers and/or failures.

In the study by Leal Filho et al. (2017) the obstacles for the implementation of
sustainable universities were identified, being that one of the most representative was
“lack of awareness and concern”. Since universities are the institutions that prepare
future leaders, it is imperative for them to demonstrate responsible actions, linking the
institutions main actions to a sustainability approach (Mcmillin and Dyball 2009). In
what is concerned to universities linked to green campus, it involves conducting cam-
paigns to change the behavior of staff, students, and other users towards electricity,
paper use, recycling, water and transport (Djordjevic and Cotton 2011). Analyzing
the specific initiatives of green campus and the students within the research, only
30.8% understand that the university has actions in relation to waste management.
Since it is a routine action, students go to the waste collect recipients at the university
which are marked with their respective materials, that is, the students see that every
day. Still the number is still too low for a daily action, not even with great incentive
from the university they are not noticing the initiative. The low agreement for these
activities is aligned with the percentage of 39% who consider that the university is
not conducting activities for sustainable development.

Wecan conclude that the studieduniversity is not able to reachoneof the objectives
regarding green campus initiatives, which is the awareness of students concerning the
theme. According to Kamp (2006), first there is a need to help campus users to recog-
nize that sustainable development involves a transition to actions that do not degrade
the environment, and which are done with the use of renewable resources. Secondly,
teach that part of sustainable development is linked to a broad social context. Lastly,
teach the users that part of the “profits” involves making a positive long-term con-
tribution to society, from which the profit of the company comes from. Users must
become fully familiarized with the impacts of their actions in the environment, and
how they generate social influence. Theway inwhich universities conduct their green
campus programs will serve as a model for students (Nicolaides 2006), and in turn,
this will demonstrate, to every interested party, that universities are important for
sustainable development.
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5 Conclusion

The results demonstrated that only 50.2% of students possess knowledge regarding
the concept of sustainable development and prefer social media to acquire informa-
tion about the subject. Besides that, more than 91% of the students consider sustain-
able development important for society, the environment and economy despite not
researching the topic. Most students consider universities important for the promo-
tion of sustainable development, although they do not acknowledge the initiatives
and projects in favor of sustainability inside the university. Education is deeply linked
to the aspects of sustainability. Therefore, it emphasizes the importance of the devel-
opment of Green Campus initiatives to contribute with student’s participation in
sustainability in many aspects of university life.

The university needs to develop, align and integrate more their pro-sustainability
actions. Presently the university has not managed to develop the idea that sustainable
development is a reality and obligatory for all campus users as a pillar of their insti-
tutional and academic culture. The lack of engagement might be linked to multiple
challenges, such as distancing between university and student, lack of alignment in
diverse campus projects, scarce resources, little investment in communication and
small control over the performance of the initiatives. These challenges are charac-
terized by the limits of this research, mainly in collection and coordination of data
regarding Green Campus, in the lack of goals and clear objectives. The authors sug-
gest the development of qualitative researches with interviews with students and
project managers to obtain their perception about the university and the promotion
of sustainable development. This paper also considers that managers must commit
with projects and programs developed in the university, so they can have a continu-
ity in actions and green campus initiatives and thus overcome the implementation
challenges defined by Leal Filho et al (2017).

Sustainable development in a higher education institution is a slow and ambitious
process involving changes in behavior and habit, a high degree of investment and
commitment from the managers of the university about the theme. Despite the chal-
lenges in the implementation of the projects, UNISUL presents a great capacity for
change, and has been trying, even with many hardships, to implement green campus
programs. The next years will be essential to define if the university will with the
commitment made by practically every university in the world.
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Open Source and Sustainability:
The Role of University

Giorgio F. Signorini

Abstract One important goal in sustainability is making technologies available to
the maximum possible number of individuals, and especially to those living in less
developed areas (Goal 9 of SDG). However, the diffusion of technical knowledge
is hindered by a number of factors, among which the Intellectual Property Rights
(IPR) system plays a primary role. While opinions about the real effect of IPRs
in stimulating and disseminating innovation differ, there is a growing number of
authors arguing that a different approach may be more effective in promoting global
development. The success of the Open Source (OS)model in the field of software has
led analysts to speculatewhether this paradigm can be extended to other fields. Key to
thismodel are both free access to knowledge and the right to use other people’s results.
After reviewing the main features of the OS model, we explore different areas where
it can be profitably applied, such as hardware design and production; we then discuss
how academical institutions can (and should) help diffusing the OS philosophy and
practice. Widespread use of OS software, fostering of research projects aimed to use
and develop OS software and hardware, the use of open education tools, and a strong
commitment to open access publishing are some of the discussed examples.

Keywords Sustainable development · University · Open source · Open
education · Open access

1 Introduction

What is sustainability about? According to the widely accepted definition of the
Brundtland Report (Brundtland 1987), human development is sustainable when it
can satisfy the needs of the current generation without compromising the ability of
future generations to do the same. This is the original approach, which puts the focus
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on resource consumption; for example, it is evident that using renewable sources
for the production of energy is sustainable, while consuming exhaustible fossil fuel
reserves is not.

However, it has longbeen recognized that there aremany aspects of humangrowth,
other than the depletion of natural goods, that can be not sustainable (Brandt 1980,
1983; Quilligan 2002): among them, uncontrolled population growth, the rush to
armaments, an ever-rising debt of poor nations. Less obviously, other issues such
as unequal distribution of wealth or the discrimination of women are also seen as
non-sustainable, simply because they inevitably lead to social and political instabil-
ity. In the course of years, the sustainable development objectives promoted by the
United Nations, first in 1992 (“Agenda 21”), then in 2000 (“Millennium Develop-
ment Goals”) and again in 2015 (“Sustainable Development Goals”, SDG (United
Nations 2015)), have come to include more and more economic and social issues.

One of the SDGs (goal 9: “Build resilient infrastructure, promote sustainable
industrialization and foster innovation”) directly involves the transfer of technology
(“innovation”) to less developed countries. It is hard to overlook the striking contrast
that currently exists between the high level of technology reached by humanity as a
whole and the large fraction of people having no access to it (Pearce 2012); think of
life-saving drugs which major pharmaceutical companies hold the patents of, or of
the technical/scientific literature that is only published on expensive journals most
educational institutions in the Third World cannot afford to buy. Indeed, the lack of
access to, and command of, technology has been described sometimes as the main
weakness of developing countries (Brandt 1980; Quilligan 2002).

It is a fact that one of the obstacles, perhaps the most effective one, to the diffusion
of technology is represented by the regulations protecting the so-called Intellectual
Property Rights (IPR). Opinions about how effective IPRs are in promoting and dis-
seminating technical innovation differ (see, for example, Blind 2012 and references
therein). The traditional view has been that IPRs are required in order to secure a
form of reward for the research investment. However, in recent years there has been a
growing number of studies suggesting that a different paradigm may be more effec-
tive in fostering innovation (Weber et al. 2000; Boldrin et al. 2008; Henry and Stiglitz
2010; Boldrin and Levine 2013; Daley 2014; Stiglitz and Greenwald 2015).

There are two main ways IPRs can hinder development of poorer nations: by
limiting people’s access to knowledge through copyright, and by restricting the use
of novel technologies through patents. Thus, an alternative model should be able to
address both issues.

What is commonly known as Open Source Software (but is more appropriately
termed FLOSS, see below), has challenged the current production paradigm in the
area of information technology by explicitly tackling these two aspects. Note that the
expression “Open Source Software” (OSS), in fact, only implies removing the first
of the two obstacles, regarding availability; however, in the general parlance, it also
encompasses the right to use the accessed resource. The success that OSS has seen
in recent years (Bonaccorsi and Rossi 2003) has led many authors to suggest that the
Open Source (OS) scheme be exported to other areas, such as hard technologies, to
favor their advancement.
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“Open Source Hardware” (OSHWA 2012) and “Open Design” initiatives are
attempts in this direction, that have contributed both the theoretical framework of
the approach and concrete examples of how it can be implemented and sustained (Li
et al. 2017). The “Open Access” movement advocates free access to (and use of) any
kind of intellectual work, including the scientific and technological literature, which
can stimulate innovation in less developed countries. Educational institutions are
increasingly investing in “Open Education” programs. Despite the rich literature that
exists on these subjects, few authors have tried to discuss in a unified, comprehensive
fashion the concept of “openness” in such different contexts (Pomerantz and Peek
2016; Aksulu and Wade 2010). The present paper is an attempt to fill in this gap,
with special emphasis on what elements of the OSS model are retained in each, and
on their implications with respect to sustainable development.

A second point of this work derives from the observation that key to the diffusion
of the OS paradigm to new areas is how it is perceived by the public. OSS has been
traditionally viewed by the general opinion as only a cheap alternative to quality
products, but recently this perception is changing, with a growing interest in OSS
by companies and public administrations (Roumani et al. 2017; Casson and Ryan
2006). Obviously the education and research world plays a primary role in this
change of perspective (Coppola and Neelley 2004; Bacon and Dillon 2006; Lakhan
and Jhunjhunwala 2008; O’Hara and Kay 2003; Pankaja and Mukund Raj 2013),
because they can not only illustrate the advantages of these products or the ethical
motivations that are at the roots of the philosophy, but also support OS with working
examples. The effort that universities will be able to put in this field can likely make
the difference.

In the following, a review of themain features ofOSS is presented first; then, in the
central section, a number of possible areas of application of the “Open Source”model
are analyzed; finally, we discuss the role of university in promoting the diffusion of
the Open Source model.

2 Open Source Software

2.1 “Open Source” Versus “Free” (or, Use “FLOSS”
Regularly)

As anticipated above, although the designation “Open Source Software” has gained
widespread acceptance by now, it is very misleading. In almost all contexts, in fact,
it is applied to software that can be not only accessed freely but also legally used
and distributed; that is, basically, what the early (circa 1985) definition of “Free
Software” by Richard Stallman and the Free Software Foundation (FSF) (FSF 2017)
established:



456 G. F. Signorini

A program is free software if the program’s users have the four essential freedoms:

• The freedom to run the program as you wish, for any purpose (freedom 0).

• The freedom to study how the program works, and change it so it does your
computing as you wish (freedom 1). Access to the source code is a precondition
for this.

• The freedom to redistribute copies so you can help others (freedom 2).

• The freedom to distribute copies of your modified versions to others (freedom 3).
By doing this you can give the whole community a chance to benefit from your
changes. Access to the source code is a precondition for this.

Note that here the stress is placed on freedom, the rights that are granted to the user.
While freedom 0 may sound rather obvious, in analogy with what one is entitled to
do with any device they may obtain, freedom 1 is a little more problematic. Think of
a buying a small appliance: you surely have the right to inspect and possibly modify
it, but in practice you can’t, because the operation of an increasing number of them
relies on instructions coded in electronics, which are difficult if not impossible to
understand. This is where the concept of openness comes in: openness is a necessary
requirement to enable the owner to fully control their device. Freedoms 2 and 3 give
the user the right of reproducing the item, something that is usually not permitted
with real objects, at least with those covered by patents.

On the other hand, it is to be remarked that nothing about the costs (“think of
free’speech’, not ‘free beer”’ (FSF 2017)) is implied by the above definition; this
kind of software can be profitably traded—in just about the same way that a bottle
of water from a mountain creek can. To disambiguate between the two different
meanings of the English word “free”, the terms “gratis”, as opposed to “libre”, are
sometimes used.

In spite of these important semantic distinctions, “Open Source” has now come to
assume a much broader meaning than the words encompass, especially so after the
founding (1998) of the Open Source Initiative (OSI). OSI’s now widely recognized
definition of Open Source Software (Perens et al. 1999; OSI 2007) closely resembles
the one by the FSF:

Generally, Open Source software is software that can be freely accessed, used,
changed, and shared (in modified or unmodified form) by anyone (OSI 2018)

There are still some fine differences between FSF, OSI, and other definitions,
which however are not relevant in this context. Perhaps the best designation for
this technology is the portmanteau “Free (Libre), Open Source Software” (FLOSS),
which, if somewhat redundant, effectively transmits the notions of both freedom and
openness.

2.1.1 Copyleft

The legal frame for distributing FLOSS is a set of licenses that protect the basic
freedoms of the user. The one that FSF propose and use for their software, such
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as the GNU suite which is an essential part of the GNU/Linux operating system,
is the so-called “copyleft” (where the second half of the word contrasts the one in
“copyright”): copylefted software is subject to distribution terms that ensure that
copies of that software carry the same distribution terms. The license that formally
details these terms is the GNU General Public License, or GPL.

2.2 Features

The distinctive features of FLOSS are direct consequences of the basic properties
that define FLOSS (in either the FSF or the OSI version, see above), and ultimately
of the two basic rights: the right to access and the right to actively use it.

2.2.1 Quality

The first issue regarding FLOSS is about its general quality.
There is a widespread view that “since Open Source software is free, it must be

of low quality”. This idea is deeply rooted in our everyday experience: quality goods
have high prices and their ownership is strictly protected.

In fact, it turns out that in many cases the performance of FLOSS is comparable or
superior to that of their proprietary counterparts. Studies of the last two decades have
shownmany FLOSS products to be highly reliable (in the sense of both “stable” and
“secure”), and in many cases to outperform proprietary systems (Miller et al. 1995;
Boulanger 2005). Another feature that adds to the quality of open-source software
is its high degree of flexibility, which means both that it can be easily customized
(Krishnamurthy 2005) to meet different or new needs, and that it can be very resilient
to changes in the environment.

While it may be not easy to precisely define the “quality” of software products,
there are some valuable—if indirect—measures of it: for example, the level of dif-
fusion of OSS, and the motivations that drive its adoption.

There are not many surveys of general scope regarding the popularity of OSS;
most data deal with network applications, which can be easilymonitored. It is known,
for example, that among web server programs and the underlying operating systems,
FLOSS usually ranks first (Wheeler 2015). Results vary considerably and depend,
among other things, on country, activity sector, size of organization (Ghosh et al.
2002; Picerni and De Rossi 2009; Wheeler 2015); however, the fact that open source
solutions occupy a significant share of the market, especially in the field of server
systems, is universally recognized, as is the fact that their popularity is constantly
rising.

“Quality of solutions” and “competitive features and technical capabilities” are
cited in a recent survey (Black Duck 2016) as the first two reasons why experts
adopt open source. According to another study (Roumani et al. 2017) the three
main sources of trust in enterprise-OSS are: conformation to open standards; secu-
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rity; service. Rather unexpectedly, in almost all reports cost does not emerge as the
main motivation behind the choice of adopting FLOSS. In fact, open products prove
cheaper than proprietary ones, in general, only if the total cost of ownership (TCO),
rather than the sheer cost of adoption, is considered. Users are preferably attracted
by other positive features, such as stability, security, user experience, compatibility,
transparency, customizability (Zlotnick 2017), and also the availability of service
(Benkler 2006). We will discuss these aspects in the following.

As a whole, we can safely state that there are many FLOSS products that are of
very good quality, although this is, obviously, not automatically true of all FLOSS.

2.2.2 Reliability

By design, in an open source project there is no limit to the number of contributors,
with every user being a possible developer, and popular projects involving thousands
of them (OpenHub 2018). It is a now generally accepted view that a large commu-
nity performing the revision and test process provides fast and efficient bug fixing,
vulnerability checking, performance refinement; as early as in 1999, Eric Raymond
in his seminal essay The Cathedral and the Bazaar (Raymond 1999) was boiling
this concept down to

Treating your users as co-developers is your least-hassle route to rapid code improvement
and effective debugging.

2.2.3 Flexibility

The diversity of the environments where open source programs are developed and
used, and the fact that most people that support FLOSS are both users and devel-
opers is also at the roots of its great flexibility (Roumani et al. 2017). Localization,
implementing of new features, adapting tools to changed conditions: all these tasks
are more easily carried out by a sharing community than by a small number of
hired experts who must respect the secrecy and patent restrictions as is typical of
commercial software firms.

2.2.4 Innovation and Learning Incentive

It has been noted that the open sourcemodel also has a greater potential for innovation
(e.g., for filling unfilled market areas Boulanger 2005). New ideas are best fostered
in a free and knowledge-sharing environment (Gloor 2006). It is a fact that many of
the tools that have made the revolution of the ICT world in the last decades, such as
Internet and Internet applications like electronic mail and the WWW, the Android-
based smartphones, andWikipedia, were based—if not on open-source software in a
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strict sense—on open standards and/or shared technologies. Using Raymond’s words
again (Raymond 1999),

the root problem of innovation (in software, or anywhere else) is […] fundamentally […]
how to grow lots of people who can have insights in the first place.

that is, it is by reaching widest possible diffusion of knowledge, and not by restricting
it with IPRs, that we can favor innovation.

2.2.5 Collaborative Scheme

Many FLOSS advocates claim that the main value of it lies in the production
method itself. Setting up work in a way that is “radically decentralized, collabo-
rative, and nonproprietary; based on sharing resources and outputs among widely
distributed, loosely connected individuals who cooperate with each other” (Benkler
2006) is indeed a radical change from the traditional, hierarchically organized and
competition-driven, perspective. Some authors have long questioned the validity of
the widely accepted assumption that setting people “one against the other” is the best
way for boosting production—let alone living happily (Kohn 1992, 1987; Stiglitz
and Greenwald 2015). FLOSS provides a real-world example of how work can be
organized in a totally different way from the traditional one and still be as efficient—
or even more.

Thus one of the advantages of using FLOSS is of a social nature: it promotes
changes in society that may help build a more sustainable world.

2.2.6 Independence from Vendor

From the user point of view, proprietary software often has the undesirable effect of
forcing clients to keep using the same software even when it no longer meets their
original needs. This is due to the use of proprietary formats or tools that cannot be
exported to a different platform, perhaps as the result of an aggressive fidelization
policy of the vendor.

FLOSS has no blind spots.Migration to a new software is always possible because
users have full control of algorithms and data. In some cases this process may be
painful, but it is likely that the community will come to help with compatibility and
conversion software. And this will be so forever, while a discontinued proprietary
software may result in your resources becoming unusable with its secret machinery
buried in some unaccessible archive, or lost for good.

Freedom from vendor lock-in (Roumani et al. 2017) is especially desirable in the
public sector (Casson and Ryan 2006).

At the opposite end of closed technology lies the system of open standards.
FLOSS spontaneously encourages the formation of standards (Weber et al. 2000),
which can have beneficial economical effects. Firms may choose to adopt FLOSS to
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help “development of open standards and discourage establishment of a proprietary
one” (Bonaccorsi and Rossi 2003) by some competitor.

2.2.7 Low Cost

FLOSScan be distributed at lower prices than commercial products, as a consequence
of reduced costs of both production and marketing. As already pointed out, FLOSS
does not necessarily come at no cost: storage media for recording the program,
shipping, and the like, do require some expense, and can be conveniently provided
by some distributor—which, as a side-effect, opens a market opportunity for new
initiatives.

Aswehave seen, lowcost does not represent themainmotivation in the adoption of
FLOSSby companies or professionals; however, it can have nonnegligible, beneficial
effects on their budgets.

2.2.8 Service

Support services are perceived by companies as an essential requirement of software
products (Benkler 2006). On the one hand, often proprietary software suppliers also
offer support contracts (usually reliable),while FLOSSdistributors do not necessarily
have the expertise to provide that service. On the other hand, again, since there is no
restriction on studying FLOSS, it can be potentially serviced by anyone–especially
the developers themselves. Actually this represents a very good opportunity for “the
emergence of local capabilities to provide software services” (Benkler 2006).

3 The OS Model and Its Possible Applications

Perhaps the best way to summarize the above discussion in view of the first point of
this paper is the following sentence:

Now that Open Source has come of age, the question is not: Is it better than closed software?
But rather: To what other systems, outside of software, can we apply the concepts of Open
Source and public ownership? (Aragona 2005)

More specifically, we want to ask ourselves:

• can the OS model be exported to hard technologies? and perhaps, in a broader
sense, to the domains of content publishing and education?

• which of the defining properties of FLOSS can also be applied to these areas?
• what are the differences?

Note that key to any OS project are: a network infrastructure through which contrib-
utors can share their work and ideas; a sound system of governance that effectively
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channels activity into the target product; a software platform that implements such a
system (Bonaccorsi and Rossi 2003).

3.1 Open Source Hardware

There is one obvious difference between hardware and software production: soft-
ware, as opposed to hardware, is immaterial. To obtain and use a computer program
everything that is needed is some digital storage, a very cheap resource; on the
contrary, the building of a technical equipment always requires a certain amount of
starting materials that must be supplied by the user, generally at non-negligible costs.

Clearly, open-source hardware is not about sharing the ownership of physi-
cal devices or tools; it is about free access only to their immaterial part, namely
blueprints, methods, all the know-how needed. As we have seen, the necessary and
sufficient conditions of the OSmodel are knowledge sharing and the right to actively
use it.

The idea of “Open Design” is basically that of directly projecting the principles
of FLOSS onto the world of machinery and manufacturing processes (Vallance et al.
2001), as an alternative to the proprietary design scheme and with the same moti-
vations as open-source software: favoring innovation, quality and accessibility of
products through collaboration of experts and users alike. The Open Design Founda-
tion has established an “Open Design Definition” (Open Design Foundation 2000)
and terms of use that closely resemble those of FSF (Vallance et al. 2001):

• documentation of a design is available for free,
• anyone is free to use or modify the design by changing the design documen-
tation,

• anyone is free to distribute the original or modified designs (for fee or for
free), and

• modifications to the design must be returned to the community (if redis-
tributed).

Similar “Open Source Hardware” definition and principles have been provided by
the Open Source HardWare Association (OSHWA) (OSHWA 2012).

3.1.1 Open Source Appropriate Technologies

Experience of the last decades has shown that the ideas of OSH can be successfully
applied to the area of the so-called “Appropriate Technologies” (AT). Originally pro-
posed (Schumacher 1973) as a response to the evidence that cutting-edge, sophisti-
cated technologies produced by the highly developed nations usually promote very
little advance in the quality of life of the majority of world population (low income
classes and/or countries), ATs can be defined as “technologies that are easily and
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economically utilized from readily available resources by local communities to meet
their needs” (Pearce 2012); they are “appropriate” with respect to the regional size
of the economy which they are supposed to help (Schumacher 1973) and which is
seen as the ideal size for the development of those parts of society who need it most.

As it has been pointed out, “more than 10 million children under the age of five
die each year from preventable causes”, in spite of the cures being well known, just
because they are not available economically (Pearce 2012).

Small size and limited complexity are key features of ATs. However, some tech-
nologies, even very basic ones, may still be inaccessible to under-privileged com-
munities not so much because of their cost, as because of the lack of the knowl-
edge needed to use and maintain them: think of a patented device which may be
operated only by skilled professionals licensed by the manufacturer (Mushtaq and
Pearce 2011). Open Source Appropriate Technology (OSAT), patent-free AT which
everybody may copy the design of, fits well in this scenario, and is aimed at cut-
ting monopoly/royalty costs while giving users-developers full control over their
equipment (for example, allowing them to incorporate a small apparatus in a larger
one).

The infrastructure supporting OSATs usually takes the form of an open clearing-
house, like Appropedia (Appropedia 2018), storing all the instructions for building
the solutions proposed.Not surprisingly,Appropedia is based onMediaWiki software
(see above) and its content is licensed under a Creative Commons BY-SA license
(see below).

3.1.2 Manufacturing

As the Open Design movement shows (Vallance et al. 2001; Li et al. 2017), open-
source machinery does not necessarily have to be simple. With automated manufac-
turing, rather complex devices can be assembled, using publicly available instruction
sets. A big step forward in this field was made since the appearance of 3D printers
on the market.

TheRepRap (ReplicatingRapid Prototyping) project (Jones et al. 2011), for exam-
ple, is based on one 3D printer that can (almost) replicate itself, being able to print the
majority of its own parts, and is intended as an open source, low-cost manufacturing
machine. In principle, such machines should enable any individual to autonomously
build e.g. many of the artifacts used in an average household, on a path of increasing
independence of people from large-scale manufacturing corporations. The potential
impact of this process on global economy is evident.

Among many similar initiatives, one of more general scope is Open Source Ecol-
ogy (Stokstad 2011), whose declared goal is “to create an open source economy—an
efficient economy which increases innovation by open collaboration”.

OSE flagship project is the Global Village Construction Set (OSE 2018), a col-
lection of open-source instructions for building what they think is the minimum
set of 50 tools needed by “an entire self-sustaining village”: from a tractor to an
oven, to a circuit maker, to power production stations. These include fabrication and
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automated machines that make other machines—an analogue of 3D printers with a
broader purpose.

3.1.3 Examples

As a representative example of Open Source Hardware we may take the Arduino
board (Arduino 2018; Badamasi 2014). Arduino is a line of open-source electronic
platforms with micro-controller for the remote control of devices.

Awealth of OpenDesign/OSAT projects making use of Arduino have been imple-
mented. We encourage readers to visit any OSH clearinghouse to appreciate the
diversity of applications this modular hardware can be adapted to.

Arduino can also be taken as a working example of how OSH can be profitable;
this is the subject of next section.

3.1.4 Business Model

It is natural to ask ourselves how developers of OSH can make a profit from their
work, given the lack of IPR-related revenues.

First of all (and differently from FLOSS) the physical realization of products
accounts for an important share of hardware business, as does its marketing. The
design phase, on the contrary, is usually not the main activity, so it is not strictly
necessary for it to be profitable in itself. Consider that there is no sharp boundary
between developers andmanufacturers: companies and professionals often play both
roles at the same time.

Secondly, manufacturers of OSH have several competitive advantages: they don’t
have to pay for patents; they get an efficient user feedback for free; their services
like customer care or localization are highly valued, since, as active developers, they
know their product well (Thompson 2008).

Arduino inventors and original makers, who decided to put its design in the open
for everybody to read, find that their product is still more requested than the cheaper
models manufactured by factories all over the world using the open blueprints
(Thompson 2008). This is because Arduino’s original items turn out to be higher
quality; and since the development process, that has their company as the primary
hub, is always in progress, they find themselves always one generation ahead of their
(non-)competitors.

3.2 Open Access

We see that the patents system acts as a barrier to free access to knowledge, and
consequently to the diffusion of technology to less-developed areas of the world.



464 G. F. Signorini

The same effect is caused by another class of restrictions, namely the copyright
laws.

In response to copyright, an Open Access philosophy has emerged. As the 2002
manifesto of a group of leading academics, chief librarians, and information officers
puts it, “Removing access barriers to … literature will accelerate research, enrich
education, share the learning of the rich with the poor and the poor with the rich,
make this literature as useful as it can be, and lay the foundation for uniting humanity
in a common intellectual conversation and quest for knowledge” (BOAI 2002).

3.2.1 Scientific Literature

Let us focus on academic publications first. It is a fact that people outside the research
institutions have virtually no access to up-to-date technical and scientific literature
covered by copyright—even when they do not involve patents. Journal and books
presenting new ideas and discoveries, essential for stimulating innovation, usually
come at a forbiddingly high price for an individual ormedium-sized business. Expen-
ditures of research libraries for bibliographic materials have been steadily increasing
in the last years (ARL 2018). Indeed, a fairly large number of universities have long
declared that they can no more afford to buy journal subscriptions (Sample 2012).
Robert Darnton, the past director of Harvard Library, once declared in an interview:
“We faculty do the research, write the papers, referee papers by other researchers,
serve on editorial boards, all of it for free … and then we buy back the results of our
labor at outrageous prices” (Sample 2012).

The reason for the hyper-inflation of the costs of scientific journals is simple:
publishers operate in a basically monopolistic regime (Shieber 2009; Björk and
Solomon 2014) and can impose whatever price they set. Moreover, the academic
career system, based on publications, virtually obliges scholars to publish at any
cost, thus consolidating the monopoly.

There is also the important question of whether it is fair to restrict access to the
results of research that is publicly funded. This amounts to using taxpayers’ money
to subsidize amonopoly (Boldrin et al. 2008). The U.S. National Institutes for Health
(NIH) and its Canadian analogue CIHR (Mushtaq and Pearce 2011) have reacted to
this by requiring that the results of the research they fund be made available to the
public.

Open access to publications is emerging as a solution to this. The rationale is that
the cost of publishing can be payed by the authors in order to make their articles
readable for free (Shieber 2009), a mechanism that can easily be imagined to lower
the overall costs per publication (Odlyzko 1997; BOAI 2002). However, the Open
Access (OA) journals market system has drawbacks too. Article processing charges
(APC) are still rather high, of the order of 1500 $ per article (Shieber 2009), which
sounds as a comparatively large proportion of the total costs of a research project.
Many of themajor journals, instead of switching toOA completely, maintain a hybrid
regime, both OA and subscription based, so that in the end there is no significant
reduction of costs for research institutions. The academia has witnessed the birth of
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open-access “predatory” publishers, that leverage on the researchers’ need to have
their articles published, but are of very low quality and often border on fraudulent
behavior (Pisanski et al. 2017). This is an area of ongoing evolution and it may be
still too early to assess the efficacy of OA publishing.

There is a number of spontaneous initiatives aimed at contrasting the current
obstacles to free access to scientific literature. Many scientists, for example, are
familiar with Sci-Hub (Bohannon 2016), a platform created by Kazakhstani student
Alexandra Elbakyan who strived to get over the paywalls to the papers she needed
to complete her thesis.

3.2.2 Alternative to Copyright

One can argue that open access not only to scientific and technical literature, but to
all kind of content, including literary and artistic creations, is beneficial to devel-
opment. Indeed, there is evidence that, while copyright laws limit the diffusion of
intellectual work, on the other side they have not had the alleged effect of increasing
the production of books and music (Boldrin et al. 2008). Whether a wider diffusion
of cultural products can contribute to human development is, certainly, a debatable
subject, and one that is beyond the scope of this article. It is, nonetheless, worth noting
that the dissemination of culture—be it an invention, a painting or a novel—is strictly
connected to freedom and human rights, and thus, ultimately, to the advancement of
society.

The alternative to property is the commons (Hess and Ostrom 2007). Several
formal, legal schemes have been devised as alternatives to the traditional copy-
right model, the most prominent being the Creative Commons (CC) licenses. These
modular licenses allow authors to reserve some (as opposed to all) rights for them-
selves, such as the moral right to be recognized as the original author of the work.
Together, the CC licenses make up the legal frame in which cultural works can be
safely distributed while still being protected against unlawful appropriation by others
(individuals or companies).

At the opposite end of the copyright regime there are Free CulturalWorks, and the
reader will not be surprised, by now, to learn that the formal definition of FCW issued
(Möller 2008) by the organization “Freedom Defined” matches the FSF definition
of Free Software almost exactly:

by freedom we mean:

• the freedom to use the work and enjoy the benefits of using it
• the freedom to study the work and to apply knowledge acquired from it
• the freedom to make and redistribute copies, in whole or in part, of the
information or expression

• the freedom to make changes and improvements, and to distribute derivative
works
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Note that not all CC licenses fall into this definition. Namely, the “non-
commercial” and “no-derivatives” clauses of CC are more restricting than this
(Hagedorn et al. 2011). The free content movement contends that imposing a non-
commercial use license on one’s work is “very rarely justifiable on economic or
ideological grounds” since it “excludes many people, from free content communi-
ties to small scale commercial users”, while “the decision to give away your work
for free already eliminates most large scale commercial uses”; and that those authors
who want to promote widespread use of their content should instead use a “share-
alike”-type license like Wikipedia (Möller 2007).

4 The Path to an Open—and Sustainable—University

The picture that emerges from the previous section is that the Open Sourcemodel can
be extended from software to other fields of human activity by applying analogous
principles, this process being expected to provide similarly beneficial effects towards
the diffusion of knowledge and technology and thus to contribute to sustainable
development.

It is not surprising that the educational domain has shown a growing interest
in the subject (Carmichael and Honour 2002; O’Hara and Kay 2003; Lakhan and
Jhunjhunwala 2008). This is because of both the social, economical and cultural
implications of the OS model, on one side, and the actual innovation that it can bring
into the teaching and research tools and processes on the other side.We have stressed
the former aspect in many places of the above sections, and will come back to this
point when discussing an “open university” road-map below. Initiatives aimed at
developing the latter aspect come under the generic name of “Open Education” and
are reviewed in the next subsection.

4.1 Open Education

Openness is, obviously, at the very core of the learning process: learning is about
exploring things freely, looking at how they work, and perhaps disassemble and
assemble them again. But not everything is as open as it seems, in the educational
world. What can be called the “Open Education” (OE) movement has put in its
agenda a number of fields of action which have the objective of increasing openness
in schools and universities.

4.1.1 Use of Non-proprietary Tools

The technological development of the last decades, largely based on non-free plat-
forms, has led us to accept as natural for the tools used in teaching to be patented or
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copyrighted. While this seems reasonable for e.g. some courses which need sophis-
ticated instruments, the wide use, in schools, of proprietary software/hardware for
which there are open-source equivalents is highly questionable. In fact, the scholar
system should, in principle, help students acquire universal skills rather than become
familiar with one particular product (and likely, be a future paying user of it).

Thus, one primary issue for proponents of OE is, simply, supporting the use
of non-proprietary tools in education. The motivation here is not so much that of
reducing costs, as that of increasing school neutrality with respect to the market. It
has been noted that “training young people and making themmore aware of different
computing systems has been beneficial for their learning” (Bacon and Dillon 2006).

4.1.2 Collaborative Environment

One of the key features of the Open Source model can be profitably applied to the
learning process, namely its acting as an incentive for collaboration. Since anyone
can join in the modification of OS tools, teaching projects that make use of them
are very easy to implement (Pearce 2007; Arduino 2018); students can, for example,
develop a new functionality of some OS software or device, or add new content to
some shared cultural work (think of Wikipedia), working together as well as with
people at the other end of the world (one example of this is the “Google Summer of
Code” initiative (Google 2016).

We have alreadymentioned the view that competition of disconnected individuals
should not be assumed as the best way of stimulating production. In the educational
world,working in a connected environment is usually considered as away of “encour-
aging young people, in particular, to develop new, creative, and different forms of
communication and knowledge creation outside formal education” (Kop and Hill
2008). Many educators, well before the advent of digital networks, have argued that
by peer-reviewing the work of one another, students can achieve a higher level of
knowledge than in the traditional, top-down approach (Scardamalia and Bereiter
1991).

Similarly, use of OS tools in the classroom, by encouraging teachers to share their
experiences, can be instrumental in the promotion of teacher education; by adopting a
collaborative scheme, theymay build up an efficient “community of practice” (Bacon
and Dillon 2006).

4.1.3 Open Education Resources

From a slightly different perspective, teaching material can be made open-access and
shared on the Internet, possibly following a wiki-like scheme. “Open courseware”
was initially intended as a supplement rather than as a substitute of traditional course
material, and its parallel with open source software was explicit (Long 2002). There
are now a number of platforms for creating and using OA courseware, or, more gen-
erally, Open Education Resources (OER) (Butcher 2015); see for example the Open
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Education Consortium (OEC 2018), Open Education Europa (OEE 2018), the OER
Commons (OER Commons 2018), and Opensource.com (Opensource.com 2018).
Advantages ofOER are—once again—amore efficient use of resources (teachers can
translate or adapt other teachers’ material without having to start from scratch or face
the copyright limitations), reduced costs for students, and the possibility of expand-
ing the subjects touched in the classroomwith a library of supplementarymaterials. It
is evident how valuable OERs can be in promoting less-favored populations’ access
to knowledge.

An important class of OERs are Massive Open Online Courses (MOOC),
courses that can be completely administered through the Internet and enable insti-
tutions to reach a much larger audience than traditional classroom courses. A group
of high-class university partners led by MIT, Harvard and Berkeley, is giving life to
the edX Consortium, in their own words a “MOOC provider that is both nonprofit
and open source” (edX 2018).

4.2 The Role of University

Oneof themain points of this paper is to discuss howuniversities can help promote the
Open Source model in its many different aspects and applications, thus contributing
to global sustainability. In the preceding subsection, dealing with Open Education,
several ways of interaction between the scholar system and Open Source have been
outlined; in the following we illustrate, in a schematic way, the lines of action that
Universities can adopt in order to help OS gain weight and attention.

4.2.1 Support the Open Source Philosophy

It has been noted that the public discourse accompanying OSS can influence the
diffusion of this technology (Marsan et al. 2012). Clearly, besides IT specialists,
higher education institutions have a primary role in transmitting a positive or negative
attitude towards OSS.

It is especially so because, as we have seen, OS is not simply a new technology, but
rather a new way of producing and sharing technology and knowledge in general.
The “commons based” scheme of production (Bacon and Dillon 2006) has been
the subject of an intense academic debate in the last decades (Benkler 2002), with
contributions frommany political economy scholars including Nobel laureate Elinor
Ostrom (Hess and Ostrom 2007). In this respect, universities can be very influential.
By taking a clear stance in favor of the OS—but even only by acknowledging it
as a legitimate issue in the academia!—they will contribute to advancing a positive
perception of OS against the conventional wisdom “no cost–no quality”.

There are many opportunities for academic institutions to underline the positive
features of the OS approach we have outlined above (reliability; flexibility; incentive
for collaboration, learning and innovation; independence from vendor; low cost).
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This is best done by stimulating the discussion on the subject, through seminars,
conferences and open discussion groups. Specific courses on OS topics can help
them gain official recognition.

Several examples of single universities or associations of universities committed
toOpen Source can be found in dedicated publications or online resources (Axelerant
2018).

One reason why the higher education system ought to show a positive attitude
towardsOS is that it cannot afford to stay behind. TheOS approach is just an aspect of
a general shift in educational theory where the learner is gaining a more autonomous
role (Kop and Hill 2008). Young people are increasingly accustomed to network-
based forms of learning, and if teachers don’t keep up with the innovation students
will find the experts they are seeking elsewhere (Kop and Hill 2008).

4.2.2 Use Open Education Tools for Teaching and Research

Universities supporting the OS model can do more than just promote it. They can
actively support the use of OS software and hardware both in teaching and research
projects. There is currently a rich literature on the subject of Open Education and
also a great deal of online resources (see, e.g., Bacon and Dillon 2006; Butcher 2015)
that can be used for inspiration.

The first way of putting the OS approach into action is by using methods of
network-based collaboration, a scheme that is central to the OS model. As illus-
trated in the section “Open Education” above, this can be accomplished by setting
up projects that involve designing new OS software and/or hardware, or modifying
existing items, with the help of collaboration environments that should be OSS them-
selves. An example is using a FLOSS learning management system (e.g. Moodle)
for the teaching activities.

Teaching material from such projects can be shared using existing OE platforms
(www sites, wikis, repositories), or a new platform can be created ex novo.

As for researchwork, it is commonpractice to carry it out in teams; universities can
set up incentives for research projects where the subject is OS software or hardware.

4.2.3 Open Access Publication

Universities are the primary sources of advanced knowledge. The majority of them
are publicly funded, either directly or indirectly. In accordance with their mission,
many of them are already committed to making as much as possible of what they
produce available worldwide under an open access license. This can take the form of
explicit rules requiring research funded by a university to be published open access.

Faculty and research staff are well aware that their work is already paid for by
their salaries and grants and need not be further remunerated by copyright; and that,
on the other side, free circulation of the material they produce will help them gain
visibility and reputation.
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Publication costs, in the form of the APC imposed bymajor publishers, are largely
unjustified, given the high profits of these companies (Buranyi 2017). Universities
and public libraries have been (partly) successful in negotiating with publishers more
reasonable deals on APC and subscription prices, but only when negotiation is led
by a group of representative and influential institutions of a whole country (Vogel
and Kupferschmidt 2017).

4.2.4 Substitute Proprietary Software with FLOSS

There is a simple step universities can take toward the diffusion of FLOSS: they can
adopt the policy of substituting proprietary software with FLOSS.

This is more effectively done in the teaching and research areas, where the attitude
towards FLOSS is usually more positive, and contact with this kind of tools more
likely to have already happened. However, the transition to FLOSS can be made
in every branch of activity of a university, including administration and technical
services, for the good reasons that are valid for any generic firm (Roumani et al.
2017) and especially in the public sector (Casson and Ryan 2006), and that have been
outlined in the section “Features” above (again: reliability, flexibility, incentive for
innovation, cooperative scheme, independence from vendor, low cost). A specially
suited area of application is web services, because of the impact it has on both the
general public and the market; perhaps it is not a coincidence that many reputed
Universities use FLOSS web content creation systems like Drupal (Axelerant 2018).
One prominent project is the Open Source University Alliance (OSUA 2018), a
EU initiative aimed at creating a repository of open source IT tools for the use of
Universities; the repository is scheduled to be launched in December 2018.

4.2.5 Potential Difficulties and Drawbacks

In drawing this picture one should not overlook difficulties that can arise in the
diffusion of the OS model, and also consider some of the potential drawbacks of the
model itself (Lakhan and Jhunjhunwala 2008). For example, it is apparent that in some
cases migrating to a new tool may be difficult and require participants to overcome
some activation barrier (Lakhan and Jhunjhunwala 2008). This is generally not
true of e.g. software solutions that are already well-established and widespread, such
as LibreOffice or Ubuntu Linux, that tend to assume a user interface most people
recognize and are comfortable with; smaller projects, however, may be available in
a form that is tailored to a restricted community of practice and need new users to be
somehow introduced and instructed; in some cases, some elementary programming
skills will need to be acquired. This extra effort must be taken into account and
planned in advance, lest the project will not yield the intended result.

Another point to keep in mind is that, in spite of some people seeing the OS
philosophy as little less than an apology of anarchy, its loosely-organized working
scheme is always built around a simple but robust set of rules and the correspond-
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ing communication tools (Bacon and Dillon 2006). Freedom needs constant, active
maintenance: this principle has been the basis for all successful OS projects (think
of what would have been of wikipedia had it not been properly managed against
vandalism, inappropriate or irrelevant content, or centrifugal tendencies).

5 Conclusions

The starting point of this paper is the widely shared view that for our world to be
sustainable (a) a substantial effort from developed countries to help poorer ones is
required; and (b) this help is best given by transferring capabilities, rather than goods,
so that in the future disadvantaged communities will be able to provide those goods
for themselves.

The extraordinary advances of the last decades in the ICT area have made the
transfer of knowledge incredibly faster and more efficient than ever; but, at the same
time, the economical and legal barriers to free flow of information have become
stronger, and tend to maintain the current imbalance between developed and unde-
veloped world. We have analyzed an alternative approach, the Open Source model,
which is based on the idea that knowledge, unlike tangible goods, is a resource that
one can give away without being deprived of it, and therefore should be very easy to
distribute largely and equally.

A critical review of the essential features of Open Source software (better termed
as FLOSS) shows that the basic principles of FLOSS can be transferred, with minor
changes, to other fields of human activity, such as hardware and intellectual work
in general. The effects on the creation and diffusion of knowledge are expected
to be similar, as illustrated by some examples. This scheme can be shown to be
economically sustainable; indeed, in some cases, such as academic publishing, it
may be more sustainable than the restricted-access scheme.

Our line of reasoning is completed by a discussion of how the Open Source
model is relevant for higher education, and by an outline of some lines of action that
universities can take to spread the debate about the Open Source model and put it
into action.

Since the Open Source model has, potentially, a revolutionary impact on the
current society, we should not expect it to spread freely and quickly. Its controversial
points andmany areas of conflictwith the status quo (for example,with the publishing
industry) need to be further studied and discussed.

5.1 A Closing Note

The lesson of this study can be expressed in the simple words of a well-known adage,
that goes,
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Give a man a fish and you feed him for a day. Teach a man how to fish and you feed him for
a lifetime.

We may note in closing that even the concept of “teaching” still implies an asym-
metry between those who hold the rights to the information and those to whom it is
administered; what is actually needed is freedom: freedom of access and freedom of
use.

Thus we might formulate the Open Source way to sustainability as a variant of
the proverb above:

Teach a man how to fish and you feed him for a lifetime. Let every man learn how to fish,
and you feed the whole humanity forever.
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1 Introduction

In the era of the new agenda of sustainable development—the 2030 Agenda—and
of the Sustainable Development Goals (SDG), education and partnership among
different players are strategic keys to reach development goals (UN 2015). These two
areas refer to two Goals: 4 (Education) and 17 (Partnerships). Goal 4 is about efforts
needed to improve the quality of education and to reduce disparities in along the lines
of gender, urban-rural location and other dimensions. Especially for universities
in rich countries, and schools in economics and management, the most important
indicators for Goal 4 are:

• 4.4: to increase the number of youth and adults who have relevant skills, including
technical and vocational skills, for employment, decent jobs and entrepreneurship;

• 4.7: to ensure that all learners acquire the knowledge and skills needed to pro-
mote sustainable development, including, among others, through education for
sustainable development and sustainable lifestyles, human rights, gender equality,
promotion of a culture of peace and non-violence, global citizenship and appreci-
ation of cultural diversity and of culture’s contribution to sustainable development
(and indicator 4.7.1: Extent to which (i) global citizenship education and (ii) edu-
cation for sustainable development, including gender equality and human rights,
are mainstreamed at all levels in: (a) national education policies, (b) curricula, (c)
teacher education and (d) student assessment).

Goal 17 focuses on strengthening global partnerships to support and achieve the
2030 Agenda’s targets, bringing together national governments, the international
community, civil society, the private sector and other actors. In particular for our
purposes, there are two indicators that are essential:

• 17.15:multi-stakeholder partnership: respect each country’s policy space and lead-
ership to establish and implement policies for poverty eradication and sustainable
development;

• 17.17: Accountability: encourage and promote effective public, public-private and
civil society partnerships, building on the experience and resourcing strategies of
partnerships.

From the perspective of universities, the effort of investing in sustainability visions
and strategies in campuses is an effective exercise if it is conducted orienting their
actions towards the Goals 4 and 17. In fact, the resulting area covered simultane-
ously by these two goals refers to the promotion of effective public-private and civil
society partnerships to develop discourses and actions for sustainable development.
The promotion of sustainability-oriented partnerships should lead to the design and
organization of sustainability initiatives in campuses for the benefits of students that
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should be measured by the increasing number of engaged students in sustainabil-
ity initiatives, or by the implementation of opportunities for students and adults to
implement their knowledge and skills on sustainability issues.

This emerging area—the promotion of public-private and civil society partner-
ships developed to organize in campuses sustainability initiatives for students in
order to increase the opportunities of their engagement for sustainability education
and training—is interesting to research and worthy of investigation. The topic is
important to study especially from the perspective of students, the main recipient
and partners of these initiatives.

This situation becomes more important when these sustainability initiatives are
designed and promoted in campuses by profit-oriented private companies that act in
partnership with the local university. In terms of sustainability leadership and repu-
tation, students’ experiences and perceptions are key for the effective management
of these initiatives by local campuses and for their success.

Although students’ engagement on sustainability initiatives in campuses and their
ideas and views have been analyzed in previous works, especially in the areas of sus-
tainability leaderships, participation and action in sustainability initiatives (Konig
2013; Larrán et al. 2018; Scott et al. 2012; Velazquez et al. 2006), there is a lack on
the analysis of students’ perceptions on extracurricular sustainability initiatives pro-
moted in campuses for their educational and professional benefit by profit-oriented
companies.

Thus, this study is relevant because it indicates the expectations students have and
challenges they pose to universities when they are asked to participate in extracurric-
ular sustainability initiatives organized on campus by universities with the promise
to increase the number of opportunities students might have in terms of new knowl-
edge and skills on sustainability. The following analysis will extend the previous
knowledge on this understudied area adding new perspectives that could be useful
for future effective actions on campuses.

In addition, the research problem here reported is significant because its descrip-
tion through a case study could show important insights about the adequate strategy
to manage relations with external stakeholders to delivery high quality events on sus-
tainability for the benefits of students, universities’ main stakeholders. In this paper,
I will focus on the perceptions of students involved in national relevant sustainability
events hosted by a university in Italy—the School of Economics and Management
at the University of Florence—but organized by an external private communication
agency: what do students think about this kind of events? What are the advantages
and disadvantages for them? What are their suggestions for the future?

To answer those questions, in the first part I will analyze the theoretical context
focusing on literature in three areas of investigation: university leaders in sustain-
ability, students’ participation in sustainability initiatives in campuses and students’
perception on sustainability events and actions in campuses. Then, the methodology
that describes the case study design. The case study is developed through a method-
ology based on a qualitative analysis. This is appropriate in the searching for new
insights because it relies upon direct interviews to participants and a direct experi-
ence of the writer in the co-organization of the first two events of this kind in its
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region. In fact, the case study will present students’ perceptions about the usefulness
of this kind of extracurricular initiatives for their engagement in the sustainability
actions in campuses. The students’ ideas and suggestions will then be compared to
the perspectives of other participants to the event (adults in their role of managers,
entrepreneurs, etc.) to find any discrepancies. Interviews will show three main points
relevant for future research and discussion: (i) events designed by external national
brands and hosted by local universities to be successful should be organized in con-
text culturally ready to accept them for the highest benefit of all participants; (ii)
students should be engaged by the beginning of the event, in their design, organi-
zation and following actions, since they are the main stakeholder of the event; (iii)
one-stop annual national branded events promoted by external private organizers
with the overwhelming presence of corporations and with a top-down closed format
have a very low reputation among students and low percentages of success. These
three main findings will be discussed in the final part of this study to show limitations
and find possible suggestions for future research and action.

2 Background

This paper aims to investigate students’ perceptions of primary events on sustainabil-
ity hosted and co-organized by their university but designed and primarily promoted
by external players belonging to industry and especially to the industry of communi-
cation and marketing. The scope is to find insights about strengths and weaknesses
of this kind of approach to the promotion of sustainability to students by universities
and possible future perspectives to improve these kinds of opportunities for the ben-
efit of students and then the local community. The present research based on a case
study should contribute to the lacking literature on this specific typology of extracur-
ricular activity in campuses: primary events on sustainability and CSR (Corporate
Social Responsibility) designed and promoted by relevant national players from the
industry at the national level and hosted and co-organized by a local university for
the benefits of a specific audience—undergraduate and graduate students.

The main corpus of literature this paper refers to is composed by at least three
areas of inquiry: universities as leaders in sustainability and higher education for
sustainability; students’ participation and engagement in sustainability initiatives;
and finally, the analysis of students’ perceptions on sustainability.

2.1 University as Sustainability Leaders

In these transformative times, universities try to position themselves in the debate on
sustainability to become leaders in sustainability and sustainability education (Barth
et al. 2015; Mader 2015; Mader and Rammel 2015; Haddock-Fraser et al. 2018)
in their places and communities to attract more students while developing fruitful
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relationships with their stakeholders. Whatever the debate between the methodologi-
cal approaches adopted by universities—institutional or entrepreneurial (Clark 1998;
Etzkowitz 1998, 2002, 2003; Ugbaja andBakoglu 2017), universities need to develop
a whole-institution approach to lead transformation for sustainability. There are three
areas where universities can implement sustainability (Barth et al. 2015): (i) student-
led change from informal to formal education; (ii) sustainability as a concern in
campus operation; (iii) sustainability as a unique selling point for universities.

In fact, becoming leader in sustainability means more and specifically embracing
complexity (interrelated changes in education, research, and operations) to re-design
and transform the overall way universities are structured and managed (Too and
Bajracharya 2015; Scott et al. 2012;Velazquez et al. 2006). It follows that universities,
in order to be recognized as leader of sustainability (Haddock-Fraser et al. 2018),
should transform themselves (Ferrer-Balas et al. 2008;Holmberg 2014;Lozano2006,
2012; Mader 2013, 2015; Mader and Rummel 2015) and start to co-design, lead and
develop (Trencher et al. 2013) sustainability actions of networks of stakeholders for
a collective impact (Hanleybrown et al. 2012; Kania and Kramer 2011, 2013) that
be beneficial to local communities and stakeholders, in primis their students (Krizek
et al. 2012). The capacity of universities to become leader in sustainability in higher
education and to be effective agents of change for the community and territory they
impact and relate to, includes the analysis of the capacity of universities to engage
students in these actions and operations, and what students perceive about these
operations.

2.2 Students’ Participation

Participation of students in university sustainability initiatives has been analyzed by
different perspectives. General analysis points to the fundamental role of institutional
governance and the quality in the generation of knowledge and innovation processes
towards sustainability (Nejati and Nejati 2013; Disterheft et al. 2015). More specifi-
cally, students’ participation to sustainability activity as agents of change (Rosenberg
et al. 2015) has been analyzedwithin the co-creationfield (Trencher et al. 2016, 2017).
Focusing more on specific areas and fields of education, like in the case of business
and economics, some studies have been searching on the role of the development
of different competencies in business students to face sustainability knowledge and
challenges (Lambrechts et al. 2018) or business ethics issues (Adkins and Radtke
2004).

A wide field of studies has concentrated the analysis upon the attitudes and
behaviors of students towards sustainability (Emanuel and Adams 2011; Mir and
Khan 2018) and more specifically education (Barth and Timm 2011; Al-Naqbi and
Alshannag 2018). From our perspective, participation of students—direct and proac-
tive engagement in activities and initiatives other than academic duties—is key to
explore. If the shared goal is positive change for the community that is reached
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through collective impacts of multiple players at different scales, then co-creation is
key to proceed in that direction.

2.3 Students’ Perceptions on Sustainability

A limited area of literature has posed questions about students’ perceptions on sus-
tainability initiatives on sustainability and CSR (Corporate Social Responsibility)
organized by universities, and no relevance has been given to extracurricular nation-
wide exposure initiatives promoted by private partners with and within universities.
Most of the studies has focused on activities promoted directly by the administrators
as in the case of business students’ perceptions towards CSR concepts or themes
(Kagawa 2007; Larrán et al. 2018; Lizzio et al. 2002), on campus sustainability
(Emanuel and Adams 2011), business ethics (Adkins and Radtke 2004; Cagle and
Baucus 2006; Eweje and Brunton 2010; Ibrahim 2012).

In this paper I will try to add information and insights to this body of literature, and
especially the last one, focusing on the perceptions of students involved in national
relevant sustainability event hosted by a university in Italy—the University of Flo-
rence within the School of Economic and management Sciences—but designed and
organized by an external private communication agency. What do students think
about this kind of events? What are the advantages and disadvantages for their per-
sonal student’s life? What are the suggestions for the future to create collectively
positive change?

3 National Fair on Sustainability and CSR at Universities:
The Case Analysis

The case here presented has been selected in order to find possible what students
think about extracurricular sustainability events promoted on campuses by private
businesses and organized for themselves on specific and fundamental subjects for
their future careers and life, as sustainability, sustainable development and CSR
are. If universities’ bodies and administrators could not directly manage and con-
trol these initiatives with a dedicated committee and staff (working with a clear
sustainability-oriented vision, mission and strategy, and related sustainability com-
munication and marketing plan), they could not reach the goal for which these ini-
tiatives were accepted: engaging students and strength university’s reputation and
position on sustainability issues.
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The case here adopted is appropriate because it refers to the fact that this has
been the first case of the most important Italian event on sustainability and CSR
organized at the University of Florence in Tuscany. This relevance is also supported
by the direct experience and observation of the writer, since I have been participating
as volunteer to the organization of the local event and as main contact point, on a
voluntary basis, for the national promoter and the local organizer.

Thus, the purpose of this study is: to provide new insights from analyzing the
impact of national events on priority topics for students—CSR, sustainability, sus-
tainable development—that are organized at local Universities; to report on the expe-
rience and views of students attending the event; to find possible solutions for a better
engagement of students in the organizations of extracurricular sustainability initia-
tives in campuses that could be essential for their future professional life.

3.1 The Local Stage of the National Event on Sustainability
and CSR

In the last two years, 2017 and 2018, the School and Department of Economic and
Management Sciences at the University of Florence has been the territorial/regional
host of the most important national fair on CSR and sustainability. This national fair
is organized and promoted by a communication agency based in Milan. The fair,
since its beginning, has been hosted and organized at the most important private
business university of Italy.

3.2 The Reasons for a National Tour: The Promoter and Its
Business Model

The designer and promoter of the event is a national communication agency based in
Milan. The promoter of the main national fair on sustainability and CSR is organized
every year since 2013 at the beginning of October at the main private business
university in Milan. Since its beginning, the national fair has been organized in the
early days of October, a unique place to influence and lead the Italian debate about
sustainability, CSR and social innovation in those two days. After a few years, to
the national fair has been added a national tour of local conferences to promote the
national event locally and to engage and invite local stakeholders to the event in
Milan. All the local stages, like the national one, are organized at universities as
much as possible.

At the end of 2016 there were the first talks and meetings to start conceiving the
program for the first Florentine stage of the national tour to be organized in the spring
of 2017. The main strategic goal of the national fair at that time was to position one
of the many regional events in Tuscany, and especially in Florence, because of its
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brand name and visibility so to add it to a network of important national cities (Milan,
Turin, Bologna, Rome, Venice, and others) where other local stages of the national
tour were hosted.

The main operational goals were to give to the national sponsors of the main
national event a territorial exposure in selected cities and then to directly connect with
local players (business associations, SME, Corporations based in the regional areas,
local institution and organizations) in order to propose them the chance to participate
to the national event at a discounted rate. The contacts between the promoter and the
local committee were mediated by local private subjects.

3.3 The Organization of the Local Event

The two editions—2017 and 2018—of the local event have been co-organized and
promoted by a nonprofit and voluntary association based in Florence, whose aim is
to promote sustainability and social responsibility to young generations. The non-
profit association acted as main contact point with the organizing committee at the
University of Florence composed by a group of professors, all belonging to empirical
economic disciplines—economics of innovation, development economics, economic
geography and environmental politics, etc., andmembers of the board of the major in
economic sciences for undergraduate students. In fact, the local committee was com-
posed by five professors and two post-doc researchers. One of the two researchers
was the writer who acted also as contact point between the local nonprofit asso-
ciation, the local organizing committee at the university, and the communication
agency in Milan. All the work was totally given on a voluntary basis by all the local
participants.

The main goal of the local organizing committee was to position the major in eco-
nomic sciences as the leader on the subject at the university and, at the same time, to
offer students a plateau of managers from corporations and national organizations to
discuss sustainability topics and themes in business and economics, and for network-
ing opportunities. It is important to add that any other events like this had never been
organized before neither in the business major not in other scientific fields. For the
previous reasons, the University of Florence was involved from the beginning, and
especially two institutional functions: the delegate from the provost to sustainability
and the press office and communication department. Both were engaged to diffuse
communication on the event at the territorial level.

The local event was organized at the campus of social sciences that includes
schools and departments in economics, management, law studies and political sci-
ences. The space where the event was hosted was the aula magna of the campus, a
room that can welcome almost 400 participants. The staff who was employed during
the day of the event was totally composed by volunteers of the local association, by
students engaged directly by some professors of the organizing committee and by
other students and scholars connected to local research labs.
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3.4 The Format of the Local Event

The format for the organization of the local event was given by the national organizer.
The scheme was based on a conference organized in two parts across all the morning
(9 am–1 pm): in the first, speakers from corporations, SMEs or other institutions
presented their case on CSR and sustainability in slots of maximum ten minutes.
In the second part, a roundtable was organized to allow representatives of local
organizations, SMEs and civil society to discuss and debate the presentations of the
first speakers. Between these discussants there was one student in representation of
all the students of the university. At the end, the conclusions.

The main difference in the organization of the first and second edition of the local
conference was that in the second edition there was more room to local players and
firms. While in the first edition the weight of corporations was higher, in the second
edition there was more a balance between big national and international players and
local actors from the local business community and civil society.

3.5 The Consequences: Participation and the Role
of Students

From the promoter point of view, the local conference was intended to be organized
to promote the national brand of the event at the local/regional level in order to
increase the exposition of the brand locally and engage more players to invite them
to the national fair. Metrics to be considered to measure the success of the initiative
were the number of participants and the media exposure.

De facto, from the perspective of the local committee, it resulted in heavy tasks
and efforts to involve local actors and students, especially from the campus. At this
point, the question should be: how reacted students to this opportunity, to listen the
real voice of CEO or sustainability directors and managers of corporations, firms
and organizations? Before answering that, is important to note that students were
invited to participate in three ways: as main audience of the event, as volunteers in
the organization staff (four, five per conference), and as speaker at the round table
(two students, one for each edition).

3.6 Success’ Metrics: Media Exposure and Participation
of People and Students

The local event has neither received a good local media cover—if not on some local
news and institutional websites, nor an interesting movement (sharing, like, new
posts, etc.) on social media during the days of the two editions. This fact has been
one of the two points that have disappointed the national promoter. In fact, from their
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perspective, although in general they were satisfied because of the feedback from
national speakers, they reported Florence as itself positioned at the lower scale of all
the national tour’s stages for bothmedia (especially social) and physical participation.
This has happened despite the fact that the national tour is followed by national media
partners (web TV, news agencies, etc.) and that the national event is one of the most,
if not the most followed on the topic.

It emerged a discrepancy between the local and national results and expectations
in relation to the efforts made. Among the latter, first of all, the fact that the agenda
of classes was changed to allow maximum participation of students.

From the research perspective, the discrepancy between the local and national
media exposure is subject of inquiry for communication strategists and researchers.
From this study perspective, the most relevant thing was the decreasing participation
and interest of students to the event in the two years (a drop of almost 50%). The
strategy suggested by the national promoter and then adopted by the local committee
was to find and choice a day of maximum peak in the presence of students at the
campus. The agenda of some classes was changed. The day of the event (in both
years) was selected to allow—at least the professors directly involved—to have the
possibility to invite their students to the conference. This strategy worked for the
first edition: the maximum peak registered during the morning was beyond the 300
presences in the room (of 400 seats). The second year that number decreased, and
the maximum peak did not reach less than fifty percent of presences comparing the
same time (10–12 am) of maximum affluence.

What happened? A discussion of some of the reasons were given directly by the
participating students and some local participants from the worlds of business and
civil society. Their answers were taken directly during open interviews conducted
immediately after the organization of the event in both editions (interviews were
taken in a few days during the week after both conferences).

4 Methodology

Case studies refer to a method of analysis for examining a problem. A case study
research paper could examine an event and a situation in order to extrapolate key
themes and results formultiple goals: predict future trends, illuminate previously hid-
den issues that can be applied to practice, and/or provide a means for understanding
an important research problem with greater clarity. The methods of analysis applied
to case studies for examining a problem can rest also within the qualitative paradigm.
One of the advantages of case studies is that they encompass problems contextual-
ized around the application of in-depth analysis, interpretation, and discussion, that
could lead to specific recommendations for improving existing conditions (Gerring
2004; Seawright and Gerring 2008).
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Given this, selecting the right case includes the opportunity to pursue action
leading to the resolution of a problem. In fact, a possible way to choose a case to
study is to consider how the evidence from investigating a particular case may lead to
possible ways in which to resolve an existing (from literature) or emerging (from the
deep-in analysis) problem (Eisenhardt 1989;Emmel 2013). If the case the studymight
reveal hidden issues that could be applied to preventative measures that contribute
to reducing future risks connected to specific events, then the analysis could be
applied to similar situations for a better understanding. This approach could increase
knowledge and experience of decision makers on how to manage strategically data,
information and situations for future actions (Mills et al. 2010; Swanborn 2010).

The methodology applied in this paper to support the case study design is qualita-
tive and is based on (semi-structured) open-ended interviews taken to a selection of
participants at the two editions 2017–18 of the local conference on sustainability and
CSR. The methodology adopted is qualitative since it allows to stress the socially
constructed nature of reality and finds support in the intimate relationship between
the researcher and the event (what is studied), and the situational constraints that
shape inquiry (active role in the event). Seeking answers to research problems that
stress how the students’ experience is created and given meaning to that empha-
sizes the value-laden nature of inquiry (Denzin and Lincoln 2005). The qualitative
design is purposeful since is rich in information and offer useful manifestations
of the phenomenon of interest. This information is based on data collected in two
ways: first, through personal experience and direct observation. There has been an
analysis from the inside in all the phases of the life cycle of the event in the two
editions—before, during and post-event—that has led to in-depth understanding of
the specific case. Thus, personal experience (the writer has more than twenty years
of professional experience in communication and events management) and insights
become an important part of the inquiry and critical to understanding the case. Sec-
ond, data are composed of (semi-structured) open-ended interviews that allow to
capture students’ personal perspectives and lived experiences (Berg 2012; Merriam
2009; Marshall and Gretchen 1995).

4.1 Interviews and the Time-Scale of Analysis

This group of people (N = 31) has been analyzed in two following years: 2017 and
2018. The local events were held respectively on April 5, 2017 and on April 10,
2018. People were interviewed after the event, in the third or post-stage of the event,
in a few days during the week after. It is composed by a first group of students (18)
and a second group of young people and professional (13) (see Table below). The
first group, at the center of our analysis, is composed by:

• 2 students, speakers at the two round tables with actors from civil society and the
third sector, one student for edition;
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Table Summary of people interviewed in the two editions of the conference

2017 Method 2018 Method Tot. people

Students

• Speakers 1 Speech and
informal
discussion

1 Speech and
informal
discussion

• Graduating/ed 3 Interview 3 Interview

• Participants 5 Interview 5 Interview

Total 9 9 18

Other participants

Young people 2 Interview 2 Interview

Tutors 2 Interview 1 Interview

Managers 2 Interview 2 Interview

Entrepreneurs 1 Interview 1 Interview

Total 7 6 13

Total 16 15 31

• 6 graduated and graduating studentswhowere proposed to present their graduation
thesis to be published online on the national site of the fair (one of these was
selected), and who attended the conference;

• 10 students attending the conference and randomly chosen for the interview the
day of the conference.

Other 13 interviews, in the two years, were conducted at other attendees, and
specifically:

• 3 Tutors and 2 representatives of two classes of high school students who were
invited to participate;

• 2 young people aged 18–29 from a regional program on civil service who attended
the conference as representatives of the civil society and third sector;

• 4 managers from companies and associations;
• 2 young entrepreneurs and CEO.

To all these people the interviewer asked four main questions: what do you think
about the conference? What are the main strengths of this format for students? What
are the main weaknesses? What are your future suggestions?

5 Main Findings

Other than the direct participation and observation of the evolving organization of
the program and the conference, reported in the description of the case in terms of
strategy and businessmodel, themethod applied—open-ended interviews to students
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participating at the two editions of the events and to local entrepreneurs and repre-
sentatives of local business and third sector organizations—has led to the following
results.

5.1 From the Perspective of Students

In general students claim that

(a) there should give more room to debate on these important topics;
(b) courses and work in classes do not often and regularly mention and offer debate

and discussions on these topics;
(c) there should be more specialized courses and programs on these at both under-

graduate and graduate level;
(d) their peers—most of the students in the School of Economics and Managemen-

t—do not care or are not enough informed and well educated on sustainability
themes,

(e) the university should take a direct responsibility and have a role in this issue
(see previous point);

(f) there should bemore openness to new and different businessmodels,managerial
concepts or economic theories but only the traditional ones.

About the conference, they state that

(a) have found the form old and not engaging (top-down approach),
(b) most of the managers from corporations are not emphatic and seem they do not

believe in what they say;
(c) the reputation of the national and international brands is lower after these

speeches;
(d) in contrast to the previous, local SMEs, local business organizations and non-

profit organizations with their visions efforts and investments appear “real” and
are able to deliver better their professional and industry experiences.

For the future, they suggest that initiatives like these should get more interest from
the students if

(1) students were allowed to participate actively to these from the beginning, from
the organization and then, after the event, to the realization of some projects or
delivery of action;

(2) the school had a more active role especially for information and communication
activities;

(3) the selection of organizing partners and speakers were more accurate. Students
find partners key for the success of initiatives, otherwise it could be dangerous
for the reputation of the university and the level of interest and participation;

(4) a more open and bottom-up approach were adopted (highly suggested).
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5.2 The Perspective of Local Players: Sharing Views
with Students

For the representatives of local firms, business associations and nonprofits, these
appointments are important to them to promotewhat they do and their investments, to
get in touchwith the local university and to find possible partnerships and networking
with corporations, other organizations and students. In general, they are in favor of
this kind of “opportunity” even if they do understand the critics of students and their
sense of uselessness in terms of engagement and future collaboration. In conclusion,
a one-stop event, although national and branded, used just as a shop window is not
useful for the local system and players.

6 Discussion

The purpose of this study is to provide new insights from the study of the impacts
national events have when organized at local campuses around priority topics for
students—CSR, sustainability, sustainable development. The main aim is to report
on the experience and thoughts of students participating at the events in order to find
possible solutions for a better engagement of students in the organizations of future
events on sustainability that could be essential for their future professional life. The
case here presented was selected and found appropriate because it refers to the first
case of themost important Italian event onCSR and sustainability organized at a local
university in Tuscany, and because the analysis has been developed by participating
actively as volunteer to the organization of the local event and as main contact point
for the national promoter and the local organizer.

Other than the direct participation and observation of the evolving organization
of the program and the conference, the method applied—open-ended interviews to
students participating at the two editions of the events and to local entrepreneurs and
representatives of local business and third sector organizations—has led to interest-
ing insights about the strategic management of extracurricular sustainability events
promoted for students in partnership with external private players form the indus-
try. Interviews to students have showed that the engagement of students from the
beginning and their active role in co-creation of initiatives for collective and posi-
tive impact is key for the success of these initiatives. The interviews to managers,
entrepreneurs and professionals were conducted at the sole scope to find out if ideas,
reactions and proposals of students were unique to their world (age, status, cultural
interest) or similar/common in some ways to those of the other people (managers,
professionals, educators) attending the conference. The latter interviews have con-
firmed the main general sentiment about that kind of design and organization of the
conference with more solid and articulated argumentations.

The findings from the interviews suggest that for students, events organized at
local campuses on important topics by external organizations with a national brand
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reach their goals—high local students’ engagement—when students are at the center
of the project and not just sparring partners or very welcomed participants. From
the perspective of the three research areas at the base of this study—sustainability
leadership, engagement/perspectives, and action—their answers make the following
three points the most interesting and relevant and the base for future research and
discussion:

(1) Stage, not scene: events promoted by external national brands and co-hosted
by local universities to be successful should be organized in context ready to
culturally accept and embrace them for the highest benefit of all participants.
If it is not the case, the co-organizer—the local University—should activate all
the tools it has to exploit the occasion and accelerate the process. Among the
others, to activate school’s majors on the subjects, to organize local collateral
events, to promote students’ activities and groups.

(2) Leading actors, not audience: students should be engaged by the beginning of
the event, in their design and organization, since they are the main stakeholder
of the event.

(3) Action required, not seats: one-stop annual national branded events promoted
by external private organizers with the overwhelming presence of corporations
and with a top-down closed format have a very low reputation. This decreases
faster when there is not a post-event, a collection of opportunities for action to
create impact in the local community.

6.1 Main Limitations

These findings should be supported by future research, trying to overwhelm its limi-
tations. De facto, the work has in its design its main limitations. The main limitation
of the paper relies on its methodology. At this step of the process (observation of the
first two events of this kind in a specific place) the qualitative approach was selected
as appropriate to get the first insights on the research problem. As a consequence,
the qualitative design of the case study was based on two methods: direct experience
of the researcher and semi-structured open-ended interviews. These interviews are
common in social sciences studies and qualitative researches. These interviews are
based on a group of predetermined question the researcher uses to start an explorative
path with the interviewees to seek freely possible meanings and clarifications. Thus,
interviews can be organized along different lines for reaching the following scopes:
(a) sense of order—to follow a determined guide to collect similar types of data from
various participants; (b) flexibility—to explore issues freely and follow new paths of
inquiry emerged during the interviews (Ryan et al 2009); (c) flexible structure—the
order and wording of the questions can be changed freely. In terms of information
or data collected during the interviews, it is important to note that those data highly
depend on and emerge from a) the specific local interactional context where the
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interview is held; b) the interactional context is produced in and through the talk
between of the interviewer and interviewee (Rapley 2001). As a consequence, more
questions should be added to the initial data-set so that more emerging topics dur-
ing the conversations should be followed, and answers reported. At the same time,
another limitation lies in the fact that the interviewed students were selected only
from the participants at the two conferences. The majority of these students were
enrolled in the major of economic sciences. No interviews were conducted to other
students in the schools or departments of social sciences that have a presence in
the local campus (the campus of social sciences of the University of Florence). The
second main limitation is in the nature of the work: the research paper is the first step
of this kind of analysis, based on a case study of a real event whose has manifested
itself just two times locally. It follows that there is the need to a deeper and more
comprehensive study that include quantitative approaches, comparative studies and
more time to increase the collection of data and information from similar cases, in
different places and contexts.

7 Conclusion

Universities that aspire to become and maintain a leadership position in society
need to develop sustainability-oriented (e.g. participatory processes) strategic man-
agerial approaches for the benefits of their main stakeholders, students. Students
should be engaged not just as main recipients of the action (educational, research) of
departments and schools, but also as partners in co-designing and delivering positive
messages and impacts in campuses.

In this paper, I have focused on the perceptions of economic and business stu-
dents involved in national branded sustainability events hosted by a local campus in
Italy—the School of Economics andManagement at the University of Florence—but
organized by an external private communication agency. A qualitative approach has
been adopted to support the case study design and has been based on direct obser-
vations and open-ended interviews to students participating to the event in the first
two years of this kind of experience. The research problem here reported has showed
interesting insights from the experience and perceptions of students, and potential
improvements that administrators of universities should think about and adopt to
deliver high quality extracurricular activities and events on sustainability in cam-
puses.

The findings from the direct interviews attending the conferences have revealed
two groups of students: a high level of interests and commitment, expressed in a
critical and proactive approach, among those students attending courses more ori-
ented towards economic and political economic studies and with a knowledge of
sustainability topics and challenges, while a complete indifference to that opportu-
nity from other students who revealed to attend other majors (especially management
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and business studies). Evidence from the interviews suggest that students should be
central to sustainability initiatives promoted or organized by campuses, especially in
the case of extracurricular initiatives where students expect to be actively engaged
for future actions. For university administrators, the main lessons that emerge from
the study suggest three possible actions, each referring to one of the three areas of
literature: leadership, engagement and action/impact.

First, the importance of the cultural context. Campuses should increase their
investments in sustainability initiatives to prepare their stakeholders to culturally
accept new knowledge opportunities. Second, students want to be part of the process
along the whole the life-cycle of the initiative (before, during and after). Third, in the
post-initiative phase, students expect to be engaged or informed about sustainability
actions deriving from the initiative.

These views and expectations confirm there is room for improvements, experi-
mentation and collective action, but also research. Possible future research analysis
should point to the finding and testing of a shared common framework in sustainabil-
ity extracurricular events management and stakeholder engagement with a special
focus on leadership from the bottom, participation and post-event actions of students.
Further empirical analysis could lead to investigate the reasons for the engagement
of students to sustainability projects of universities, and involvement on collective
action for better impacts in society from the bottom: participatory processes and
grassroots innovations should be key research areas to develop future discourses on
sustainability in campuses initiatives to engage students in extracurricular events on
sustainability.
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(WSUD), the focus of this study. The aim of this study is to understand how the
WSUD approach can promote sustainability in urban areas and increase cities’
resiliency to climate change. This study presents the WSUD approach and its prac-
tices, also presenting the approach into a university as a case study. The literature
indicates that governments and social agents like universities must invest in new
approaches to promote sustainable development in cities, such as the WSUD to
improve water management and avoid potential crises. Therefore, as complex insti-
tutions, university campuses provide a perfect environment for innovation, experi-
mentation, and learning, serving as role models for their city and surrounding com-
munities.

Keywords WSUD ·Water management · Sustainable development · Higher
education · Universities

1 Introduction: The Challenges of Cities and the Role
of Universities for Sustainable Development

Rapid population growth and urbanization of countries’ landscapes are putting pres-
suring both on natural and man-made environments. Coupled with climate change,
population growth and urbanization are pressuring cities’ infrastructure and carrying
capacity. Particularly in developing countries, cities are facing several challenges
due to unplanned growth and urbanization that carry consequences to several sectors
(Mendizabala et al. 2018; Crow-Miller et al. 2016).

Providing decent housing, public health, transportation, sanitation, water supply
(floods, water shortages, waste of water and lack of sanitation), energy supply, and
employment are among themain challenges for cities.Another challenge that requires
effective approaches to promote sustainable water management is that urban floods
are interrelated with other factors such as soil waterproofing, the silting of the rivers,
and the inadequate occupation of city spaces (Morison andBrown 2011; Crow-Miller
et al. 2016).

An aggravating factor to these water management challenges in urban areas is the
use of traditional techniques for urban drainage, something which presents limited
solutions, such as channeling of streams and rivers. These approaches only transfer
the floods downstream and do not solve the issue (Tominaga 2013). In this regard,
universities play a vital role in the development and testing of strategies to improve
the resiliency of cities in addressing these challenges. The implementation of sus-
tainability in universities requires a strong institutional commitment to establish an
internal agenda for sustainability (Gómez et al. 2015; Berchin et al. 2018a, b).

Many international conferences on higher education for sustainable development
have encouraged universities to implement sustainability in their operations, from
their campuses to their institutional agendas (Berchin et al. 2018a, b; Lozano et al.
2015). Among these declarations, the Belgrade Charter (Unesco 1975), the Tbil-
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isi Declaration (Unesco 1977), the Talloires Declaration (University Leaders for a
Sustainable Future 1990), the Roadmap for Implementing the Global Action Pro-
gramme on Education for Sustainable Development (Unesco 2014), the Sustainable
Development Goals (UnitedNations 2017), and the Education for SustainableDevel-
opment Goals (Unesco 2017), argued that university operations should consider the
environment in its totality (whole institution approach) and integrate the natural and
man-made environments, as well as the ecological, political, economic, technologi-
cal, social, cultural, and aesthetic dimensions.

Universities are town-like institutions that maintain several facilities and thou-
sands of students. These institutions also concentrate a wide variety of knowledge,
capacity, experts, and resources to promote learning, innovation, and transformation
(Klein-Banai and Theis 2011). University campuses are consequently complex envi-
ronments capable of influencing both local and surrounding communities (Posner and
Stuart 2013; Berchin et al. 2018a, b; Guerra et al. 2016). In this regard, universities
are cornerstones to promote and achieve sustainable development (Leal Filho et al.
2015), offering an environment to stimulate creativity and enhance open-innovation
initiatives by operating as living labs (Chesbrough et al. 2005; Mendizabala et al.
2018; Klein-Banai and Theis 2011).

Embedding sustainability in universities’ operations demands the adoption of
energy efficiency and sustainable energy generation, sustainable transportation,
waste management, sustainable buildings, management of water resources, health
and safety (Velazquez et al. 2006; Berchin et al. 2017; Zhang et al. 2011; Lozano
et al. 2015).

Sustainable water management in universities has been addressed as one of the
key areas to promote sustainable campuses and education for sustainable develop-
ment (see Guerra et al. 2016; Berchin et al. 2017, 2018a, b). However, most of the
literature on sustainable development in higher education institutions focuses on
water management based on awareness on water use, efficient piping systems, and
management of effluents (e.g. Berchin et al. 2017; Guerra et al. 2016; Lozano et al.
2015; Rauen et al. 2015). The sustainable management of water resources can be
implemented by improving water efficiency in pipelines and consumption, collecting
and storing stormwater, managing sewage and water effluents, and managing natural
water sources in the campus and in the surroundings.

These challenges for sustainable urban planning require new approaches and
initiatives to increase the resiliency of cities (Morison and Brown 2011). Such
approaches can be better developed and tested in the universities’ campuses and con-
tribute to the promotion of effective initiatives for sustainable development (Mendiz-
abala et al. 2018; Crow-Miller et al. 2016; Collier et al. 2016). Thus, collaboration
between universities and their surrounding communities, including their multiple
stakeholders, is essential to promote local development (Collier et al. 2016; Crow-
Miller et al. 2016; Berchin et al. 2018a, b).

Among the approaches to promote sustainable water management is the Water
Sensitive Urban Design (WSUD), which is the focus of this study. The aim of this
study is to understand how the WSUD approach can promote sustainability in urban
areas and increase cities’ resilience to climate change. This study presents theWSUD
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approach and its practices, as well as how a university in a case study applied this
approach. This study extends the existing knowledge about the use of WSUD by
proposing recommendations to improve the resiliency of a university campus to
climate change and flooding. If these recommendations are adopted by the case study
university, this will serve as a pilot module to be replicated by other institutions of
higher learning.

2 Methods

This study uses a qualitative method to “to understand how theWSUD approach can
promote sustainability in urban areas, increasing cities’ resilience to climate change.”
The Campus of the Federal University of Santa Catarina (UFSC), a public university
based in the state of Santa Catarina in Southern Brazil, was chosen as a case study.

Due to the sensitivity of the campus and the city to floods, this study presents
some initiatives of the WSUD that could be implemented to improve the resiliency
of the campus and the community. These strategies include the storage and recycling
of stormwater, vegetated ditches, retention basins, permeable paving, constructed
wetlands, bioretention systems, and green roofs.

A limitation of this study is the lack of studies dedicated to investigating how
WSUD can be used to overcome the challenge of floods in campuses, thus preventing
the researchers from comparing similar strategies or tools. Another limitation of this
study is the absence of more detailed data about the UFSC campus in the city of
Florianopolis, the capital of Santa Catarina. This effort would require additional
time and developed resources.

3 The WSUD Approach

The WSUD was implemented by the Melbourne Water Company to improve urban
planning and design to increase the resilience of the city by implementing tech-
niques and technologies to improve water management by reusing stormwater and
mimicking the naturalwater cycle in the urban environment (MelbourneWater 2018).
According to Hoyer et al. (2011, p. 14), WSUD is:

[…] an interdisciplinary cooperation of water management, urban design, and landscape
planning. This approach considers all parts of the urban water cycle and combines the func-
tionality of water management with principles of urban design. WSUD develops integrative
strategies for ecological, economic, social, and cultural sustainability. The objective ofWater
Sensitive Urban Design is to combine the demands of sustainable stormwater management
with the demands of urban planning, and thus bringing the urban water cycle closer to a
natural one.
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TheWSUD integrates sustainable water management with urban planning and land-
scape design. It aims to serve as a management tool for water systems (drinking
water, stormwater run-off, waterway health, sewage treatment, and recycling), but it
is mostly concerned with sustainable stormwater management (Hoyer et al. 2011).
The main goal is to reduce stormwater runoff by using decentralized techniques for
stormwater storage and reuse, also increase its infiltration and evaporation.

Thus, the WSUD is also seen as a “planning and design philosophy in Australia
primarily used to minimise the hydrological impacts of urban development on the
surrounding environment” (Morison and Brown 2011). This approach seeks to trans-
form the built environment of cities into greener ones, towards a nature-orientedwater
cycle environment.

According to Nunes (2011, p. 38), the main objectives of the WSUD approach
are:

• To reduce the runoff and improve flood protection;
• To protect natural aquatic ecosystems and improve water quality by using tech-
niques for treatment and removal of pollutants;

• To reduce the demand for drinking water by storing and reusing rainwater and/or
effluents;

• To reduce the costs of drainage system and infrastructure in general, whilst enhanc-
ing aesthetic valorization of the urban space by integrating rainwater treatment
systems with the urban landscape;

• To improve urban environmental quality and urbanmicroclimate using green areas.

Conventional stormwatermanagement systems collect, leak and drain stormwater
from the city. Besides their improvement over the past years, conventional stormwater
management still raises some concerns (Hoyer et al. 2011), such as:

• Reducing the infiltration of surface water in the soil, thus reducing groundwater
recharge rates. This reduction may limit the drinking water available in cities;

• Reducing the infiltration rate and evaporation,making the local climatewarmer and
drier compared to surrounding areas (a phenomenon also known as heat island);

• Increasing the risk of flooding as sewage systems can overflow during heavy rainy
periods;

• They do not adapt to the uncertain conditions or changes resulting from the city’s
development and climate change. Adapting to these changes require high invest-
ments.

These challenges of the conventional water management systems highlight the
need formore effective solutions to urbanwatermanagement. TheWSUD is aflexible
approach that can address these issues and promote effective interventions in urban
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Fig. 1 Example of vegetated ditches improving the urban space. Source Photo taken by the authors
in Perth, Australia (2013)

areas, both enhancing water management systems and improving the aesthetics of
the urban environment. The next sections present some of the main technologies and
techniques of the WSUD approach, also presenting their benefits.

3.1 Storage and Reuse of Stormwater

Rainwater collection and storage systems enable water savings that could be reused
in toilets, garden irrigation systems, fire sprinklers, or when cleaning. In addition to
generating an economy by requiring less water, these systems reduce the demand on
drinking water, while storing the water that would be channeled to the waterways of
urban environments (Melbourne Water 2018).

These rainwater storage mechanisms can be developed in tanks or they can be
incorporated into the city’s landscape design using open storage systems, such as
fountains and pools (Hoyer et al. 2011).

3.2 Vegetated Ditches

Vegetated ditches are characterized by simple longitudinal depressions aiming to
collect runoff waters and store them temporarily, whilst contributing to its infiltration
in the soil (Nunes 2011; Tominaga 2013). Figure 1 illustrates this technique. Some
of the benefits of this swale technique are reducing and delaying stormwater run-
off, retaining particulate pollutants close to source, increasing the aesthetics, and the
relative low cost involved in their construction (Melbourne Water 2018).
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Fig. 2 Ornamental ponds with a retention basin function. Source Photo taken by the authors in
Perth, Australia (2013)

Fig. 3 Example of Permeable paving. Source Photo taken by the authors in Perth, Australia (2013)

3.3 Retention Basin or Sediment Ponds

Themain objective of retention basins is to promote the decantation of solid particles,
those water remains in the pond that are stored for a long period. “They intercept
stormwater before it reaches the waterway, and slow it down to allow the coarse
sediment to fall to the bottom” (Melbourne Water 2018). These detention basins are
developed to control floods, given they can store large amounts of water (Fig. 2).

3.4 Permeable Paving

Permeable paving allows the infiltration of water in the soil, thus decreasing the
velocity of the surface runoff, while increasing the temporary hold of rainwater
(Fig. 3).



504 V. G. Rabêlo et al.

3.5 Constructed Wetlands

Constructed wetlands are artificially constructed landscapes. They aim is to simulate
the ecosystems of natural wetlands by using dense vegetation and other mechanisms
to intensify the sedimentation process, while treating and removing some of the
pollutants from stormwater, thus improving water quality.

These constructed wetlands comprise a series of shallow, densely-planted, built
ponds created to filter water using physical and biological processes. They help to
“treat and remove pollutants from stormwater before it enters our creeks, rivers and
oceans” (Melbourne Water 2018).

3.6 Bioretention System or Rain Gardens

Bioretention systems are systems that can be designed in different formats, such as
ditches, basins or small rectangular spaces that store rainwater, and in which plants
andmicroorganisms help removing pollutants from stormwater (Ribeiro 2014;Nunes
2011).

3.7 Green Roof

Green roofs and walls are structures that enable the application of a vegetal layer
in buildings. Green roofs help decrease the runoff rate by 50%, if implanted in
roofs, and up to 10%, if implanted in terraces. They improve the aesthetics and the
environmental comfort, whilst improving thermal comfort inside the building (Castro
and Goldenfum 2011).

The green roofs and walls also help to improve the urban hydrological cycle
and local biodiversity, if applied to the scale of a city (Hoyer et al. 2011). This also
improves humanhealth, given that green roofs increase evaporation and transpiration,
also reducing the incidence of heat islands.

4 Complementary Approaches to Improve the Productivity
of High-Quality Water

Three complementary approaches to improve high-quality water productivity are
replacing high quality water with low quality when possible (e.g. for irrigation,
cleaning, flush toilets), regenerating high quality water from low quality water, using
water treatment technologies and techniques, and reducing thevolumeof high-quality
water used by industries to produce goods and services (Grant et al. 2012).
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Thefirst approach is to reduce the use of qualitywater, by using treatedwastewater,
sea water, and rainwater for industrial refrigeration, landscape irrigation, flushing,
laundry, and dishwashing. The second approach is to treat wastewater and transform
it into potable water. The largest potable water reuse facility is located in the US
state of California, the Groundwater Replenishment System (GWRS), which treats
domestic wastewater, producing about 20% of the water needed to maintain the local
groundwater aquifer. This source provides water to more than two million people
(Grant et al. 2012).

The third approach states that reducing water consumption can improve the pro-
ductivity of water use. According to a modeling study conducted in the Brazilian city
of Florianopolis, by simply replacing a single flush toilet for a dual flush, it is possible
to reducewater use by 14–28% (Grant et al. 2012). Agriculture, for example, requires
large amount of water. by adopting crops that consume less water, changing the irri-
gation management, and adopting a more efficient irrigation system, there can be
an efficiency improvement in water use and reduction in consumption (Gondhalekar
and Ramsauer 2016).

5 Case Study: The UFSC Campus—Florianopolis, Brazil

The island of Florianopolis is the capital of the state of Santa Catarina, South Brazil.
The city has some 485,838 inhabitants, with the second highest wage average in the
State of Santa Catarina and the 21st in the country (IBGE 2018). The Municipal
Human Development Index of Florianopolis is 0.847 (very high human develop-
ment), which is higher than the Brazilian average of 0.754 (IBGE 2018; UNDP
2015). However, only 87.8% of the city has an adequate sanitary sewer system, and
only 54.4% of the public highway are urbanized (IBGE 2018). The rapid popula-
tion growth (mostly due to migration) of the island contributes to the intensification
of the urbanization challenges related to sanitary sewer system, infrastructure, and
logistics.

Considering the predicted increase of climate variability in Southern Brazil (i.e.
intensification of precipitation and extremeweather events) (IPCC2014), in conjunc-
tionwith Florianopolis’ urban vulnerabilities (i.e. unplanned population growth, poor
sanitary sewer system, infrastructure and logistics), the city faces many challenges
(seawater pollution, floods, landslides, water scarcity, energy shortages). These chal-
lenges coupled with unplanned urbanization creates a high-intensity flood scenario,
which impacts the city’s infrastructure and livelihood (Kobiyama et al. 2006; Da
Silva 2010).

The UFSC’s Campus in Florianopolis is based on a river basin, which has approx-
imately 4 km2 (Fig. 4). Its drainage system is formed by the Rio do Meio and its
tributaries, in a land that mixes high slope areas with low plateaus (Kobiyama et al.
2006;Mulungo 2012). SinceUFSC’s inauguration in the 1960s, the impacts of urban-
ization and the inadequate equation between the Campus facilities and the local water
bodies have created environmental damages.
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Fig. 4 Map of the proposed interventions for the UFSC Campus

Currently the University has more than 46,000 students and the land use over
the basin is predominantly urban, although there are remnants of native vegetation
(Kobiyama et al. 2006). The local neighborhoods more than doubled their inhabi-
tants in past decades, thus increasing the number of buildings and paved roads (Dos
Santos 2003). This process has increased soil waterproofing and the suppression
of vegetated land (Mulungo 2012). The unplanned urbanization process and the
geographic characteristics of the region increased the probability of floods in the
campus (Mulungo 2012). Accordingly, developing green facilities and using sus-
tainable architecture is essential to balance the built and the natural environments,
whilst increasing resilience and reducing risks of floods (Crow-Miller et al. 2016).

Among the proposals to improve the sustainable management of stormwater
drainage in campuses and in urban environments are permeable pavements with cis-
terns, stormwater harvesting ponds, vegetated ditches, removal of walls from stream
beds, planting of native vegetation, mini barriers and waterfalls, and the creation of
new sustainable buildings and the renovation of existing facilities (Fig. 4).

As shown in Fig. 4, the interventions proposed will improve the stormwater man-
agement of the University campus where they can be replicated to other universities
and cities. Improving the resiliency of the University will require several initiatives
to support the transition towards a sustainable campus, which in turn will make the
institution resilient to climate extremes.
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These interventions include the implementation of a green and permeable pave-
ment (A), which improves the infiltration of stormwater inland, the installation of
green roofs and green walls (B) to improve thermal comfort in the buildings, whilst
improving air quality and the aesthetics of the campus, which also helps to relieve
stress. The installation of a stormwater harvesting pond (C) will ultimately help to
reduce floods in the campus by storing stormwater.

Finally, the creation of vegetated ditches (D and E) to replace the paved ones
would restore the riparian vegetation, whilst increasing the natural flood area and
improving the restoration of the natural cycle of the rivers’ flow. This would create
mini barriers and waterfalls in the river, which would help to oxygenate the water
and filter possible residues. This system would drive the stormwater flows from the
campus towards the pond, which aims to avoid damages caused by the floods.

As stated by the literature, universities operate as living labs for sustainable devel-
opment. They offer a perfect environment for innovation and pilot projects and there-
fore, knowledge creation. If these initiatives succeed, they could be replicated in other
universities and cities to improve sustainability and resiliency to climate change by
using the WSUD approach.

6 Conclusions

The aim of this study was to understand how the WSUD approach can promote
sustainability in university campuses and increase its resilience to climate change.
The study used UFSC as a case study, and the approach could later be replicated to
other universities and cities. The literature indicates that universities must invest in
new approaches to promote sustainable development in cities, such as the WSUD,
to improve water management and to avoid crisis.

University campuses provide a perfect environment for innovation, experimen-
tation, and learning, serving as role models for their local cities and surrounding
communities. The WSUD approach recommended for the UFSC campus in South-
ern Brazil aims to improve the sustainable water management in the institution by
(1) the implementation green and permeable pavements, (2) the creation of vegetated
ditches to replace the paved ones, 3 the implementation of vegetated ditches instead
of the paved ones, 4 the creation ofmini barriers andwaterfalls in the river to improve
the oxygenation of the water and to filter possible residues, 5 the implementation
of green roofs and green walls to improve thermal comfort in the buildings whilst
improving air quality and the aesthetics of the Campus, and 6 the installation of a
stormwater harvesting pond to reduce floods in the Campus.

The WSUD seeks to promote resilience to floods and climate change. This
approach supports cities in becomingmore sustainable, increasing livelihoods, secur-
ing water delivery to human consumption, whilst enhancing projects to avoid floods,
providing security for its future supply, offerings affordablewater services, andfinally
providing landscapes that are resilient to natural disasters, climate change, and popu-
lation growth. If these recommendations are to be adopted by the university, they will
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serve as a pilot initiative to be replicated to other universities and for the surrounding
communities. These measures will increase the resilience of campus and communi-
ties to climate change and floods, and harmonize the natural and built environment,
which in turn leads to additional sustainable development.

Future studies could help evaluate current pilot projects, where researchers could
collect real data that helps analyzewhich technologies and techniques are better suited
for the region in question. This approach would help improve the effectiveness of
the WSUD when applied at the city scale.
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The Fisherman and the Farmer: How
to Enliven the Concept of Sustainability
by Means of a Theatre Piece

Ilaria Perissi and Ugo Bardi

Abstract We report the results of a “theatrical” approach designed to enliven the
teaching of sustainability for students. It is based on a theater piece that can be per-
formed by the teachers or proposed to students to perform themselves. It should be
coupled with a more formal teaching of the basic concepts of sustainability as part
of an introductory level university course or for high school students. Our experi-
ence shows that this approach can enliven the subject matter and interest students
at various levels, thereby providing a connection with more advanced modeling on
sustainability at the research level in universities and research institutes with the
perception of people who are not researchers. Considering that the work on sustain-
ability being performed in university campuses is often perceived as abstract and
theoretical, rather than having practical applications, this approach is also a way to
connect the general public with the work being done in universities and research
institutes.

Keywords Overshoot · Teaching · Sustainability · Theatre

1 Introduction

The need for moving humankind toward a sustainable path is being more and more
recognized everywhere in the world, but progress in this area remains limited in
practice. One of the evident problems in advancing in this area is the difficulty for
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people to connect with the reality of the everyday world the concept of sustainability
as it is taught in college or university level classes. In particular, the concept of
“overshoot” remains beyond the grasp of most people not directly involved with
research or professionals in the field. This is not surprising because overshoot is a
relatively new concept, having been introduced first by Jay Forrester in the 1960s
(Bardi 2016a). It is essential to be able to diffuse this message in order to make
human society to be able to plan for the future against grave threats such as climate
change and resource depletion.

In this area, universities can play an important role: the concept of overshoot iswell
understood by researchers, but how to make it understandable in practice, especially
with undergraduate and high school students? In several tests we performed, we often
noted how undergraduates are often able to repeat the statements on sustainability
they heard in class, but they hadn’t really understood their relevance to the current
plight of humankind. Even less clear is the concept for high school students and for
the general public. Therefore, we engaged in the development of a theatre piece on
sustainabilitywhich could also bemanaged as a role-playing gamewhere the students
participated directly. We refer to this piece as “The Fisherman and the Farmer,” it
is based on the idea—supported by our studies on fisheries—that fishermen tend to
overexploit their resources because they have no direct information on the abundance
of the resources they exploit (the fish) and no tools to keep production below the
carrying capacity of the system. Farmers, instead, have complete information and
direct control of their resources—their cultivated fields—and can manage to avoid
overexploitation. Of course, the behavior of real farmers and real fishermen is not so
schematic as presented in the play, but the piece is to be intended as an illustration
of some real trends.

We tested this representation at several levels, from junior high school to under-
graduate courses, and we found that it was often effective in enliven the subject for
the students and to make them more receptive to further explanations. In our opin-
ion, this piece represents also a starting point for an effective cooperation and mutual
understanding of universities and the general public, thereby positioning campuses
as sustainability hubs leading the way toward the diffusion of the concept.

2 Description of the Approach

The idea of composing this theatre piece comes from the combination of two studies
performed by the authors of the present paper. The first is a study of the trajectory of
a global transition from the current fossil-powered society to a completely renewable
one (Bardi et al. 2016; Bardi and Sgouridis 2017). This study led to propose a strategy
for the energy transition that was referred to by the authors as “The Sower’s Way” in
analogy with the well-known concept of “don’t eat your seed corn.” Ancient farmers
needed to save some of their harvest as seed for the future harvest, a strategy that we
can apply to the modern world if we consider the need to use some “seed” for the
current energy harvest (the fossil fuels) for a new, renewable harvest.
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The study was based on a quantitative estimation of the energy return of vari-
ous technologies, measured in terms of the “Energy Return for Energy Invested”
(EROEI) parameter (Murphy and Hall 2011). This parameter allowed us to estimate
how much fossil energy would be needed in order to build the renewable infras-
tructure needed to replace fossils. On the basis of this estimation, we could create a
scenario in which the world’s energy production systemwas completely transformed
from fossil-based to renewable-based. The constraints to the transformation implied
maintaining a minimum energy supply for everyone for the current and extrapolated
Earth’s population throughout the 21st century, while at the same time maintaining
the emissions of greenhouse gases below the limits needed in order to maintain the
world’s temperature rise within the limit of +2 °C set by the COP21 conference
of Paris. The study showed that the transformation is feasible, but the investments
in renewable energy have to be increased of approximately one order of magnitude
with respect to the current rates. Failure of doing so would result in the replacement
being too slow to avoid dire consequences: depending on the initial assumptions of
the abundance of fossil reserves, either the fossils would be exhausted before being
able to provide for their own replacement, or the consequences of global warming
could not be contained within reasonable limits (possibly, both effects would occur).

The other study (Perissi et al. 2017) was dedicated to the dynamic patters of
overexploitation in fisheries, where the authors developed a model able to describe
and interpret the overfishing phenomenon, a trend confirmed at the global level by
recent data (Pauly and Zeller 2016). Starting with the trends of whaling during the
19th century and applying the model to several cases of modern fisheries, the study
showed that the fish stock is overexploited, the fishing industry activity becomes
more intense in order to satisfy the market. This causes unrecoverable damage to
the whole ecosystem, as well as to the fishing industry. The model was based on a
system dynamics interpretation of the well known Lotka-Volterra model assuming,
as an approximation, that the “prey” stock was not renewable—in other words that
the preys reproduced at a much slower rate than the that of predation. The tests
showed a good agreement of the model with several historical cases of fisheries
where the fishing industry had overexploited fisheries, a problem that started already
with the American whale fishery of the 19th century and that continues nowadays,
compounded by the damage done to the fish stocks by climate change, oceanic
acidification, and chemical pollution.

These two studies revealed two facets of the same problem: sustainability is about
respecting planetary boundaries and limits. These studies were not aiming at finding
an answer to the problem, nor to examine the psychological attitudes that lead people
to overexploit their environment. The idea was to disseminate the existence of the
problem as widely as possible. At the same time, the authors understood that if the
issue is described in scientific papers published in academic journals, the capability of
affecting policymakers is nearly zero. Being both engaged in teaching or disseminat-
ing science at various levels, the authors concluded that it was important to develop
ways of illustrating these phenomena outside the dry and formal environment of
scientific journals. This is how the idea of a theatre piece was developed.
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3 Teaching Sustainability by Means of a Theatre Piece

The idea of this theatre piece starts from a simplified interpretation of the way of
life of fishermen and of farmers—it was originally inspired by Garrett Hardin’s
well-known concept of the “Tragedy of the Commons” (Hardin 1968) and how
peasant communities can avoid it by formal and informal regulations designed with
the purpose of governing the commons, as shown by (Ostrom 1990). We aimed at
showing how some contrasting attitudes on how tomanage the commons can develop
depending on the kind of resources being exploited. This led to consider two actors
in the play, the Fisherman and the Farmer, each one expounding his own viewpoint.
In this approach, we were also inspired by Galileo Galilei’s fundamental piece of
1632, “Dialogo Sui Massimi Sistemi Del Mondo” (Dialogue Concerning the Two
Chief World Systems) where two contrasting viewpoints are presented and discussed
by two different characters in a play.

In our approach, we started with the assumption that a fisherman has little control
over the resources he exploits: there is no way to “fence” the sea, nor it is normally
possible even to estimate the abundance of fish in a fishing region. In addition, in old
times fishermen couldn’t normally conserve their catch for more than a few days.
Considering that fishermen normally act in a condition of competition with other
fishermen, they may well develop a “take what you can, when you can” attitude. In
other words, fishermen are subjected to Hardin’s tragedy of the commons (Hardin
1968).Of course, in the realworld, governmental agencies tend to restrict the freedom
of fishermen to fish as much as they want but this factor is ignored here (as it is often,
unfortunately, ignored also in the real world).

Farmers, instead, operate in a very different condition. They have a good control
of their resources: a farm normally owns the fields it cultivates, has all the interest
of maintaining its productivity over time, and has a certain capability to accumulate
resources. It doesn’t mean that farms don’t overexploit their fields, especially in
modern times of extreme economic competitively, but it is reasonable to say that the
farmers normally develop a more conservative and future-oriented attitude. There is
no evidence that farming is subjected to the “tragedy of the commons” (Hardin 1968)
and even in the case of common resources, Elinor Ostrom has shown that usages and
traditions tend to avoid overexploitation (Ostrom 1990).

These characteristics have been exploited for the play by describing two fictional
families: that of the farmer and that of the fisherman. In the basic version of the
play, it is imagined that the farmer’s wife asks her husband why there is so little
food in the house and the farmer answers her that it is because some grain must
not be eaten because it is kept for the next harvest and that this is the wisdom he
has received from his ancestors and he will follow it. The play then moves to the
fisherman’s family, with the fisherman’s wife asking her husband the same question.
The fisherman husband answers that it is because all fishermen of the village have
been fishing too much and there is little fish left. Nevertheless, he must keep fishing,
because the fish he doesn’t catch will be caught by another fisherman. Other versions
of the play have the fisherman and the farmer directly engaged in a discussion. Two
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Fig. 1 Ilaria Perissi and Nicola Calisi playing the Fisherman and his wife (left) and the Farmer and
his wife (right) at the “Night of the Researchers,” Florence, 2017

of these versions can be found on the author’s blog, “Cassandra’s Legacy.” A simple
one can be found here: (Bardi 2016b), a more elaborate one at: (Bardi 2018). The
play basically need only two actors who play the role of the fisherman and his wife
and then that of the farmer and of his wife. The role of the children of the two couples
(assumed to be numerous) can be assigned to volunteers from the public.

The play has been performed in various conditions and with various audiences,
sometimes very informally and sometimes more formally, also with accompanying
music. The youngest students engaged have been junior high school students (age
12–14) while the oldest ones were fully adult people. The actors have often been
the teachers, but it is also possible to engage volunteers from the class or from the
public to play the roles required by the story. The figure below shows one of the
authors (Perissi) playing the wife of the fisherman together with Mr. Nicola Calisi,
a co-worker of the authors, playing the fisherman. They are acting at the “Night of
the Researchers” organized by the University of Florence in 2017 (Fig. 1).

The play is normally introduced with a presentation on the economy of natural
resources and, afterward, the students can be engaged in a discussion on the subject.
The technique known as “world café” can be used to stimulate students to propose
solutions for the problem of overexploitation. We found that students rapidly under-
stand the boundaries and the constraints of the system, often proposing privatization,
taxation, quotas, and the like.

4 Assessment and Conclusion

We all do what we can to improve the human condition on this planet and this
play is part of this effort. Is it effective? We had no sufficient resources to perform
statistically significant tests, but we can report here what we found in the several
tests we performed. First of all, the play does engage the interest of the students,
and we found that this is true especially for young ones who seem to be able to
catch immediately what the story is about. We may imagine that some of themmight
become, one day, decision makers. Then, they might remember the concept that it is
better to behave like farmers (at least as they are presented in the play) who keep their
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seed for the future harvest rather than like fishermen (again in the simplified way
they are presented) who simply live day by day. And they might act in a consistent
manner, steering their organizations toward investing in the future. On the other
hand, they may not. This is what we can say: we are all engaged in a difficult trip
toward the future and we hope that our experiments could provide hints for others
in developing a new narrative to fight the widespread overexploitation of the Earth’s
commons humans are engaged in.
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Whale HUB: Museum Collections
and Contemporary Art to Promote
Sustainability Among Higher Education
Students

Valeria D’Ambrosio and Stefano Dominici

Abstract The project Whale HUB is dedicated to the recently-created permanent
exhibition entitled “Tales of a Whale” at the Museum of Natural History of the
University of Florence, centered around a fossilized whale skeleton. The exhibition,
balanced between scientific research and dissemination of knowledge for non-expert
audiences, deals with the themes of environmental sustainability, cross-cutting dif-
ferent fields of knowledge, such as palaeontology, zoology and ethnography, and
promoting pro-environmental concern and behavior. Aiming to develop theMuseum
public and engage higher education students through new media strategies and non-
canonical approaches, Whale HUB involves a selection of creative students from
some of the major educational institutions in Florence to conduct an analysis on
their perception of the themes dealt with by the exhibition. By means of a compe-
tition, the students create a communication prototype which popularizes the fragile
stability of marine ecosystems, affected by plastic pollution. The project involves
also three young contemporary artists who participate to an expedition in the marine
protected area of Pelagos Sanctuary, hosting the largest population of large mam-
mals of the Mediterranean and a problematic environmental site, highly impacted
by marine plastic pollution. They produce artistic research in dialogue with scien-
tists and biologists, sharing it with creative students of the university and of other
important higher education institutions of Florence, fostering their engagement in
sustainability through informal education or free-choice learning.
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1 Introduction

Knowledge and education are among the key personal factors of one’s experience that
influence pro-environmental concern and behavior, while proximity to problematic
environmental sites is among social factors (Gifford and Nilsson 2014). Universities
should lead the entire movement of sustainability by imparting related values and
beliefs among the students and developing their knowledge, although conventional
courses are not always as effective on the students’ beliefs and attitudes as expected,
and after several years, some institutions are struggling to impact on student engage-
ment (Tilbury 2016; Tang 2018). The University of Florence, in Tuscany, hosts
the largest natural history collection of Italy and offers to its community, through
museum exhibitions and activities, the means for an informal educational approach
to the natural world, better defined as free-choice learning (Falk 2005; Blum 2012,
and references therein). Florence university students should be evenmore concerned,
since Tuscany faces a large and problematic environmental site. The Mediterranean
marine protected area Pelagos Sanctuary, in front of the Northern coast of the region,
hosts one of the largest population ofmarinemammals of Europe, but is now severely
affected by marine plastic pollution, posing a threat to its resident megafauna (Fossi
et al. 2014, 2017; Baini et al. 2018). The whole Mediterranean, as a matter of fact,
is one of the seas with the highest levels of plastic pollution in the world (Alessi
et al. 2018). Urban areas contribute important microplastic contamination to river
beds (Hurley et al. 2018), and the Florence area, given its physiographic position at
the heart of the Arno river catchment basin, is expected to play an important role in
polluting the Pelagos Sanctuary. Bringing these issues to Florence higher education
students may significantly raise their pro-environmental attitude. A recently-created
permanent exhibition of the Museum of Natural History (MSN) of the University of
Florence, entitled “Tales of aWhale”, deals with the relationships between species in
marine ecosystems and the theme of sustainability, with a focus on the Pelagos Sanc-
tuary and the issue of marine plastic pollution. Two years after its opening, despite
the general appreciation for the immersive multimedia aspect of the exhibition, its
potential of communication is still under-exploited, as an irrelevant fraction of the
Florence university students have visited it. The project Whale HUB, promoted by
Fondazione Cassa di Risparmio of Florence, was conceived and curated at the MSN
during the second half of 2018. The project aims at improving the physical and dig-
ital visibility of “Tales of a Whale”, while developing its audience by means of new
media strategies. Education for sustainability is at the core of the project, while focus
groups carried out with higher education students allow to measure their perception
of sustainability and the efficiency of the setting-up of the Hall in terms of democratic
dissemination of knowledge on specific scientific topics relating to the health of open
marine ecosystems. With these aims in mind, Whale HUB is expected to raise the
students’ concern and behavior towards a better future for the Pelagos Sanctuary
and constitute an example of how, in university campuses, free-choice learning and
citizen science can be important allies to conventional courses on sustainability.
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2 Tales of a Whale

As its title suggests, the aim of the exhibition “Tales of a Whale” is to link the
museum public with the issue of environmental sustainability by means of story-
telling. Other cultural institutions have taken whales as icons of the greatness and
fragility of marine ecosystems, endangered under the impact of human activities.
At the Museum of Natural History in Florence, unconventionally, this iconic role
is played by a fossil whale, enriching the message with the deep time perspec-
tive: ecological systems shaped during immense stretches of time are facing today
a geologically-instantaneous threat, where climate change, acidification, overfishing
and pollution put the structure of marine ecosystems at stake. What do we need to do
to revert this attitude? This message was first brought to the public of the museum
in May 2016, when the exhibition was inaugurated after a ten-year working pro-
cess, started in 2007 with the excavation of a 3-million-year-old fossilized whale
skeleton found in the hills around Orciano Pisano, near Pisa. After much effort spent
in transporting, restoring and setting-up the nearly-complete, 10 m-long skeleton,
the immersive multimedia exhibition was realized by Lorenzo Greppi, an architect
already well known, among other things, for realizing the new Museum of Natural
History inVenice. Greppi and his teamworked for a fewmonths in collaborationwith
the museum curators and researchers. The product of this joint effort, the permanent
exhibition “Tales of aWhale” (also known asWhale Hall, Fig. 1), balances scientific
research and dissemination of knowledge for non-expert audiences, dealing with the
themes of environmental sustainability, cross-cutting traditionally separated fields of
knowledge, such as palaeontology, zoology, anthropology and sustainability, and pro-
moting in a new way the prestigious centuries-old natural history collections curated
at the University of Florence (a video with the same title, available online, addresses
all these themes: https://www.youtube.com/watch?v=lhR2ZIi1Q9c&t=16s).

However, after two years of experience, an analysis carried out by the museum
personnel indicates that visitors are not aware of the existence of the Whale Hall
before entering the museum. Comments registered during informal interviews or
handwritten in guest books, show appreciation for the modernity of language and
the multi-layering of topics, but visitors almost invariably come expecting to find
only the historical exhibition realised between the 60s and 80s of the 20th century,
unaware of the new proposal. What is worse, the exhibition has had no impact in the
flux of university students, notwithstanding they have free access to the museum.
Whale HUB has been first conceived to overcome this problem of communication,
simultaneously seeking to open the museum to new audiences, particularly higher
education students, but it soon grew to create a link between sustainability, citizen
science and contemporary art, thanks to a collaboration with the Tethys Research
Institute, actively working in the Pelagos Sanctuary.

https://www.youtube.com/watch?v=lhR2ZIi1Q9c&amp;t=16s
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Fig. 1 TheWhale Hall at theMuseum of Natural History, University of Florence (photo by Stefano
Dominici)

3 Methods and Objectives

Whale HUB was conceived to develop the audiences of the Whale Hall in the brief
period of seven months, from May to December 2018. To achieve the best results in
such a limited time, several actions have been undertaken in the wider framework
of the project, involving the authors (an art curator and a natural history museum
curator), the staff of the communication office, and the Green Office of the Florence
University. Some of these actions concern the general visibility of the museum and
the Whale Hall with its sustainability-related themes, while the bulk of the project
concerned the production of a series of cultural activities and events to enhance
the value of the permanent collections, simultaneously acting as attractors towards
non-expert audiences, and creating an interest-based community. To explain why
the museum is little known, cut-out from the national and international touristic
circuits, specific weak points in communication have been addressed. Actions have
been undertaken to overcome structural problems, such as the lack of an efficient
exterior signposting to help visitors to find their way to the museum, and the scarcity,
or lack, of appropriate promotional material (flyers, brochures, posters, catalogues,
post-cards, gadgets). Solutions to these problems have in fact lagged behind the need
to complete the ongoing study of the new university branding. An additional critical
point is the limited online visibility, particularly due to an unfocused presence on
the web and an inadequate reactivity on social media. This is partly explained by
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the fact that the Whale Hall constitutes a minor element of a multifaceted cultural
offer, embedded within the general communication of the MSN, a system of smaller
museums with different locations in town.

Cultural activities and events, forming the core of the project, have been subdi-
vided in three phases, the first ofwhichwas entitledUndersea/APanoramaof Endless
Change, in dedication to the ground-breaking work of Rachel Louise Carson, setting
the stage for global pro-environmental consciousness (Carson 1937, 1941, 1951).
This phase involves the selection of three young contemporary artists and the col-
laboration with Tethys Research Institute. With headquarters at the Civic Aquarium
of Milano, Italy, this is a non-profit research organisation supporting marine conser-
vation through scientific researches and activities. Tethys’ main goal is to protect the
marine environment through the provision of scientific knowledge to conservation
policy and processes at an international level, but also by means of activities to raise
public awareness. Of particular importance for the goals of Whale HUB in relation
to the themes of the Whale Hall, Tethys was the first to conceive and propose the
creation of the Pelagos Sanctuary for the Conservation of Mediterranean Marine
Mammals, the first in the world to be established beyond national jurisdiction, stem-
ming from a treaty between France, Monaco and Italy (Notarbartolo di Sciara et al.
2008). In its awareness-rising activity, Tethys produces citizen science programs
leading a non-expert audience on expeditions into the Pelagos Sanctuary; hence, it
readily qualified as the best partner to connect with.

The second phase aims at building an interest-based community, where mem-
bers join to exchange information, improve their understanding of a subject, share
common passions, and find cooperative solutions to problems (Henri and Pudelko
2003). The main target selected for the project was higher education students, young
people between 20 and 25 years-old. A museum with a limited visibility and weak
in terms of digital communication, can in fact greatly benefits from approaching a
public that can communicate first-hand natural history and sustainability through an
extensive diffusion of its contents on the digital channels.Within the chosen category,
an interest-based community of creative students was the first choice, constituting a
specific subcategory that makes clever use of social networks. By using the social
media to spread and give visibility to their artistic work, creative students are on aver-
age more influential within their generation and have more followers on their digital
social accounts. These students are approached through four different focus groups
hosted by curators in the museums, to share their involvement and expectations in
the sustainability themes dealt with in the Whale Hall. The third phase is a contest
promoted among students that have participated in the second phase, organised in
mixed groups to facilitate interactions among people coming from different higher
education schools. By using the social media to spread and give visibility to their
artistic work, creative students who participate to the second and third phase are on
average more influential within their generation and have more followers on their
digital social accounts.

The three main phases follow each other on a span of four months. The first
phase (September, 3–30) catalyses young creative energies around the theme of
marine ecosystems through an ephemeral exhibition entitled Undersea/A Panorama
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of Endless Change. By disseminating knowledge on environmental sustainability,
with a focus on the fragile existence of sea mammals, this first phase intends to open
the museum to a wider public.Undersea/A Panorama of Endless Change starts from
an experience of residency that three young contemporary artists carry out during
the month of September 2018, in dialogue with scientists and marine biologists of
the Tethys Research Institute, during three separate expeditions into the Pelagos
Sanctuary, each one-week long. The purpose of this phase is to produce artistic
research in three different fields of creativity, namely Visual Arts, Sound Art and
Performance Art, aiming at creating personal narratives of the marine ecosystem
and its reaction to plastic pollution and other man-made impacts. This phase mainly
consists in sending creative people out of the museum to bring new knowledge
in through different languages. Hence, it is further developed through a mid-term
analysis and studio-visit conducted in themuseum (October 24) in collaborationwith
the actors of the second and third phase of the project, who instead work within the
museum to communicate its contents outside (see below). This reciprocal exchange
enhances the value of the artistic researches and helps the museum create a network
of interest-based visitors. The second phase (October 8–10) includes the participation
of four groups made of five students attending four of the major Florentine higher
education institutions in the creative field: 1. Department of Architecture of the
University of Florence (DIDA), 2. Florence Fine Arts Academy, 3. Superior Institute
forArtistic Industries (ISIA), 4. StudioMarangoni Foundation.During thefirst phase,
the five students of each institution visit the Whale Hall on their own, then guided
by museum curators. A focus group follows, led by museum curators, to analyse
the nature of its current non-audience (the main target of Whale HUB). This phase
allows the students to approach in depth the variety of themes dealt with in theWhale
Hall. It also allows the museum personnel, actively interacting with the students, to
collect data and elaborate information so as to understand what are the needs, desires
and expectations of a young public today. The third phase October 17–December 7)
is characterised by the creation of five mixed groups, made of four students who
participated in the second phase, each one coming from a different institution. This
phase actively involves these students to produce digital contents on sustainability
and on the Whale Hall, to be communicated outside the museum. This takes place
through the launching of a competition among the five groups, dealing with the
creation of a multimedia digital communicative output to be used on the Museum
website and social media as a promotional element of the Whale Hall. Each group
works under the technical support and the advisory of theDepartment of Architecture
Communication Lab. At the end of some workshop activities taking place during the
third week of October, the students are given twoweeks to produce a project which is
judged by an internal commission, including museum curators and communication
staff of the University of Florence. The winning project is implemented on museum
funds and also sees the collaboration of the three artists participating to the first phase
who introduce the students to their artistic research on the sustainability of the seas
conducted in the Pelagos Sanctuary.

A conclusive event takes place on December 13 in the University Aula Magna,
bringing together all the stakeholders of Whale HUB to share their researches and
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final results with the general public participating at the event. During the day, the
communication prototype realized by the winning group of students will be pre-
sented to the public, in front of their peers, invited for the occasion and already made
aware through the social media and previous visits to theWhale Hall. Then, the three
resident artists will present their individual artistic projects, carried out also thanks to
archival materials made available by Tethys. Finally, invited marine biologists work-
ing with Tethys and other research institutions will briefly explain their experience
on the health of the Mediterranean marine ecosystem.

Unrolling in just a few months, the project has obvious time limits, in the first
place regarding the chance to measure its impact, which would probably require at
least one year. The social character at the very base of its conception suggest how
to implement this aspect, provided that an extension of the project is guaranteed by
the funding agency. When a virtual, interest-based community forms, not just the
number of its adherents can be measured, but also the use of sustainability-related
jargon can be monitored by digital means. In a sense, Tales of a Whale and Whale
HUB are two seeds for a new sustainability-related content strategy for the Museum
of Natural History of the University of Florence, to be developed through the years
with new permanent exhibitions and social media campaigns.

4 Results

Whale HUB has been the occasion to pursue the realisation of an efficient signpost-
ing, ensure visibility, and create a logo for the project, to use during a dedicated
campaign carried out on the University web pages and social media, and as a means
to overcome the lack of an updated MSN logo. TheWhale HUB logo was conceived
and realised in July 2018, bringing together people of the University staff, includ-
ing communicators, graphic designers and museum curators. The logo somehow
expresses the fingerprints of the project (Fig. 2), in words (“audience development”,
“sustainability”, “contemporary art”), in signs (two circles, one in the background
representing art, one at the forefront for science), in colours (orange for marine life,
blue for marine water) and font (to represent the rapidity and informality of commu-
nication in the digital age). The overlap of the two circles represents the encounter
between two worlds, meant as two sides of the same coin, which is Man, namely Art
and Science, personified by young contemporary artists and creatives students along
with marine biologists and palaeontologists.

When it comes to web and social strategies, the progress of all Whale HUB
phases and activities is sustained by a highly-structured communication strategy
directly addressing the target audience. The first step was indeed the creation of a
web page dedicated to Whale HUB on the general Museum website ( https://www.
msn.unifi.it/vp-507-whale-hub.html). This page introduces to the Whale Hall while
proposing the project as a means to enhance the value of the permanent exhibition
and to develop its audience. From this page, the user is led to the three more pages
dedicated to the different phases, each one presenting its own contents along with the

https://www.msn.unifi.it/vp-507-whale-hub.html
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Fig. 2 The Whale HUB logo

actors involved: the three resident artists are introduced through their biographies and
personal websites, while the students by means of photographs and personal details
concerning their schools, vocations, interests, and favourite authors. These pages,
characterised by a coordinated design stemming from the logo, are constantly updated
with the results of each phase throughout the development of the project. Starting
from August 27 and until December 13, the whole project is shared with a digital
community exceeding 70k followers via the Museum social media (FB, Instagram
andTwitter). Bymeans of an average of two posts perweek, themuseum’s audience is
allowed to follow the phases step by step. The tone-of-voice of published and future
posts is that of first-hand involvement, as if followers were directly participating
to the sea expeditions in the Pelagos Sanctuary or if they were the winning team
realising and presenting the communication prototype to a wide public.

To select the three young contemporary artists who participate to Undersea/A
Panorama of Endless Change, a number of about 30 artists were invited to visit
the exhibition during a period of roughly two months (late May-early July). Visits
were conducted either by the art curator, the museum curator, or both, and was the
occasion to communicate contents of the Whale Hall to a new public. In late July,
the three participants were selected on the basis of their CVs, portfolios and project
proposals, and through studio visits conducted with the art curator, while the periods
of residency were programmed in collaboration with the Tethys Research Institute.
Undersea and its participants were presented to the public during an event at the
museum, on August 1 and then shared with social media followers.

The period May–July was also the time when contacts with the four institutions
dealing with higher education for creative students were undertaken. Directors and
teachers reacted positively to the proposal and contracts of collaboration were signed
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in early August. Students were selected in early September and their brief presen-
tations and photographs presented to the digital public of the museum in dedicated
webpages of the Whale HUB portal.

The present essay deals with the situation of the project as of September 10,
2018, the final outcome to be discussed at the 2nd Symposium on Sustainability in
University Campuses [Florence, 10–12 December, 2018].

5 Towards a Wider and More Engaged Audience

When it comes to solutions for globalmarine litter pollution, the engagement ofmany
actors is required, most studies emphasizing the importance of public awareness,
while giving a key role to outreach experiences and citizen science (Löhr et al. 2017).
With this scope in mind, the project Whale HUB aims at transforming the Museum
of Natural History of the University of Florence from a conventional exhibition
space into a collective and educational space, a meeting place for higher education
students and professionals of science, art, museography and communication. Hence,
theUniversityMuseumbecomes a cultural hubwhere artists arewelcome to enter and
dialoguewith scientific collections, stimulating new approaches and food for thought
on sustainability, while promoting citizen science thanks to the collaboration with
Tethys Research Institute and its marine biologists. The collaboration of the museum
with the Pelagos Sanctuary for marine mammals, in the NorthwesternMediterranean
Sea, offers a unique way for visitors to learn about the effects of marine plastic
pollution and other types of anthropogenic impact on the open marine ecosystem.

In particular, Whale HUB aims at intercepting three macro publics:

• By choice: the creative students who choose to be part of the museum community
and become actors of its revitalization.

• By surprise: the generation of the students involved in the project that is currently
a non-audience and that is reached through word-of-mouth, social media, etc.

• By habit: we start from a by-choice public to connect with a by-surprise public in
order to ultimately improve the experience of the general public.

With its inestimable uniqueness, the Museum of Natural History is presented on
the international scene with a new image that merges its historical prestige with out-
reach activities, allowing its public to have an experience that connects the museum
with sustainability, through new and fresh modalities. Art becomes an instrument to
disseminate scientific knowledge, a means to make a fossil whale as contemporary
and meaningful to everyday life as a living whale, while raising awareness on the
environmental crisis that is imposing itself ever more urgently on a global level.
The results of these interactions are evident since the incept of Whale HUB: young
contemporary artists, educators and students, marine biologists, museum curators
and communicators of the Florence University have fruitfully interacted, increasing
the visibility of the Whale Hall, widening their knowledge of art and science, and
developing a concern for the state of the Pelagos Sanctuary. University museums
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and natural history collections hosted in campus are a means to involve students in
sustainability and build communities with an interest in nature conservation.
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1 Introduction

For at least twelve millennia, the human being can be considered the great natural
environment transformer, seeking to adapt it to their individual or collective needs,
thus generating the urban environment in its most diverse scales and varieties of
conformation. “Urban environment is therefore the result of agglomerations located
in natural environments that have been transformed, and which, for their survival and
development, need resources from the natural environment” (Philippi et al. 2004,
p. 3).

In this transformation and adaptation process of the natural environment, manag-
ing the use of these resources canminimize or accentuate various impacts. Three vari-
ables should be considered in this management: the diversity of resources extracted
from the natural environment, the speed of extraction of these resources (which
says whether or not they can be replenished), and how to dispose of and treat their
waste and effluents. The degree of impact of the urban environment on the natural
environment can be defined from the sum of these three variables (Philippi et al.
2004).

It is also observed that another question aggravated the natural environment pro-
cess of adaptation in the twentieth century: the scale of agglomeration and population
concentration. The larger the scale, the greater the changes in the natural environment,
the greater the diversity and speed of resource extraction, the greater the quantity
and diversity of waste, and the slower the replenishment of these resources. Paral-
lel to this question is the tendency to seek to live in urban environments that was
consolidated in the 20th century and tends to remain (Philippi et al. 2004).

According to Urbanization and Development: Emerging Futures, do United
Nations Human Settlements Programme report (UN-HABITAT 2016), since 1990,
the world has seen a larger gathering of its population in urban areas. Although this
trend is not new, it has been marked by a remarkable increase in the absolute number
of urban dwellers—57 million on average between 1990 and 2000 and 77 million
between 2010 and 2015. In 1990, 43% (2.3 billion) of the world’s population lived
in urban areas; by 2015, that number has grown to 54% (4 billion).

Human being lives in growing urban agglomerations, demanding immense
amounts of resources and generating waste in the same proportions (Philippi et al.
2004).

In the natural environment, losses and waste generation occur, which can generate
eventual imbalances, causing changes in cycles and food chains, but for many cases
the system has mechanisms, in the medium and long term, to stabilize locally. Thus,
the human being is not the only agent causing localized imbalance. However, it has a
unique ability, since it transformsmaterials on a large scale andmakes substances and
products stable. In this process, the humanbeing inserts products into the environment
in ways that the environment naturally does not know or does not have absorption
capacity even in the long term (Tenório and Espinosa 2004).

In addition, the association of population growthwith intense urbanization and the
increasing use of non-recyclable materials in the production process has turned the
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issue of urban waste into one of the major contemporary environmental challenges.
On the other hand, awareness of the waste generation process and the problems
associated with its inadequate final disposal is still recent (Kuwahara 2014).

In this sense, it should be emphasized that higher education institutions (HEIs)
should collaborate in the search for solutions and in defining responsibilities for
the development of critical thinking that makes it possible to address the causes of
environmental degradation. This perspective demonstrates that HEIsmust go beyond
the allocation of better titles and jobs, or that still carry out research financed by the
interests of large corporate corporations (Sorrentino and Nascimento 2010).

Cortese (2003) mentions that the change of mentality needed to achieve a more
sustainable vision is a long-term effort to transform education at different lev-
els. Higher education institutions carry a deep responsibility for raising awareness,
knowledge, skills and values needed to create a just and sustainable future. Higher
education plays a crucial but often neglected role in making this vision a reality.
It prepares most of the professionals who develop, lead, manage, teach, work, and
influence the institutions of society.

Regarding solid waste, it should be noted that HEIs generate thousands of tons
of solid waste daily. In this way, the importance of integrated solid waste manage-
ment systems in recent years has become increasingly evident due to the increase in
the number of students, staff and teachers within HEIs and the problems of waste
management that affect people’s daily lives and impact the environment (Jibril 2012).

Universities involve various activities as teaching, research, extension and activi-
ties related to their operation, such as restaurants and places of coexistence, so they
can be compared with small urban centres (Tauchen and Brandli 2006).

In this context, it is observed that universities responsibility in proper manage-
ment of their waste, in order to minimize impacts on environment and public health,
involves sensitization of teachers, students and employees directly involved in waste
generation and of its various administrative sectors that may be related to the issue.
These aspects make it clear that Higher Education Institutions (HEIs) must com-
bat environmental impacts generated from theoretical field to practice (Furiam and
Günther 2006).

Universities not only educate citizens with interdisciplinary knowledge but are
also institutions capable of causing great positive and negative environmental
impacts, as well as influencing local and regional communities (Uhl and Anderson
2001).

Considering the environmental problem related to the solid waste issue and the
role of HEI in minimizing the environmental impacts associated with this issue, this
paper presents and analyzes the UNIFAAT Solid Waste Management Plan (SWMP)
considering the results obtained through the operational process and the analysis of
students’ perceptions of specific aspects of the plan.

The present study can contribute to the development and improvement of knowl-
edge about solid waste management plans in higher education institutions as it
presents its implementation, benefits, challenges and potentialities present in this
process. In addition, this work is important and relevant because it considers and
analyzes the students’ perception about UNIFAAT proposal to minimize impacts



536 E. B. R. Vernalha et al.

caused by solid waste generation. Associating in this way, environmental manage-
ment and education proposals and highlighting the role of higher education institu-
tions in minimizing environmental impacts and in training citizens and professionals
to collaborate with actions and practices that seek sustainability.

2 Solid Wastes

The waste issue is not only a problem related to production, but also to consumption.
According to Dourado et al. (2014), consumption cannot be considered an individ-
ual act, since its choice is determined by codes that circulate socially and are used
to identify the individual and other persons (in the sense of giving identity). Con-
sumption occupies a place of social classifier when determining what is more or less
legitimate to consume, valuing who has much and devaluing who has little, based on
socially determined criteria.

Planned obsolescence, for example, is amechanism that reinforces the valuation of
excessive consumption, since in this process the products are created to be discarded
quickly. Thus, the generation anddisposal ofwaste cannot be understood as automatic
processeswithout relevant cultural significance, since they are the faces of a consumer
society, which is also a disposal society (Dourado et al. 2014).

A society that values the act of consumption and the renewal of this act more and more
rapidly and in greater quantity, with consumption occupying more and more time of the
daily life, is also a society that values the discard as part of the social classification process
in which the volume of consumption and the amount of discard are part of the same process
of legitimization and recognition (Dourado et al. 2014, pp. 232–233).

In this perspective, it can be stated that the disposal is not an individual act, as
consumption, in this way, in a process that seeks to avoid waste generation, it is also
necessary to consider the consumption, distribution, production and extraction of the
feedstock. This is one of society’s dilemmas, as the world does not signal that it is
prepared for a radical change in its economic infrastructure (Dourado et al. 2014).

In relation to urban solid waste, these are characterized by continuous and inex-
haustible generation, suffering variations in their composition over time. The quan-
tity of this type of waste generated in a locality is also influenced by the culture and
change of habits of the local population and not only by the economic conditions
and activities developed (Günther 2005).

Regarding waste disposal, they have always been culturally excluded from the
proximity of the population that generated them in order to remove them from the
view of the population, so far as they cannot be perceived. Thus, they are often aban-
doned on the outskirts of the urban area, thrown on slopes, depressions or valley
bottoms, or landed in surrounding terrain. Its removal eliminates immediate discom-
forts such as odor and visual impact (Günther 2005).

In socio-environmental terms, inadequate disposal of solid waste can contribute
to: air pollution, water pollution, soil pollution, visual pollution, negative impacts
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on local fauna and flora and local ecosystems and socio-economic impacts. For
Günther (2005), in relation to sanitary aspects, the main problem of inadequate solid
waste disposal is the presence of vectors of importance to public health, because
they are able to proliferate in the trash and cause various diseases to human beings,
through different transmission routes. Added to this is the fact that, in social terms,
the uncontrolled disposal of waste results in the appearance of scavengers, which
are exposed to the risk of accidents with sharp materials and to direct contact with
infectious waste and/or hazardous waste.

Kuwarara (2014, p. 56) mentions that perhaps one of the most urgent problems
related to waste management is the fact that both generation and inadequate waste
disposal can have adverse effects on the environment and the health of the individual,
“with different impacts, if not exacerbated, on the low-income population, particu-
larly those who survive from garbage collection improperly disposed in landfills”.

To United Nations Human Settlements Programme (2009), health data presented
by some United Nations Humanitarian Programs (UN-HABITAT) indicate twice as
high rates of diarrhea and six times as many acute respiratory infections for children
living in families in which solid waste is dumped or burned in the yard, compared to
households in the same cities that benefit from a regular waste collection service.

According to Agenda 21 “[…] approximately 5.2 million – including 4 million
children – die each year from waste-related diseases. Half the urban population in
developing countries does not have solid waste disposal services” (United Nations
1992). Hoornweg and Bhada-Tata (2012) mention that global levels of municipal
solid waste generation should double by 2025, at different rates according to regions
and countries: the higher the income level and the urbanization rate, the higher the
solid waste production.

Still according to United Nations Environment Programme (2016), the 50 largest
garbage dump sites globally affect the lives of 64 million people due to the risk to
health and loss of life and property when some kind of collapse such as landslides
occur. In addition, 2 billion people do not have access to solid waste management
and 3 billion people do not have access to controlled waste disposal facilities.

Although mankind progress has to a certain extent increased the quality and
duration of life, in contrast what is found is a consumption pattern that demands raw
materials, which can compromise the quality of life of future generations (Tenório
and Espinosa 2004).

In this perspective, sustainable development can be away for proposing integrated
policies, programs and actions that minimize socio-environmental problems related
to inadequate management of solid wastes, and thus contribute to improving the
quality of life of human beings. However, in this process, given the complexity of
the issues that involve the causes and consequences related to waste, the search
for sustainability must consider mechanisms that reorient the logic of production
and consumption present in contemporary society. According to Leff (2006, p. 86),
the current development model is based on an economic rationality characterized
by “the mismatch between the forms and rhythms of extraction, exploitation and
transformation of natural resources and ecological conditions for their conservation,
regeneration and sustainable use”.
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Foladori (2001) points out that solutions to environmental problems cannot be
based on techniques used in a short-term vision, installing filters or establishing
quotas, or taxes, but should be, in the first instance, social. For the author “Only after
resolving social contradictions, technical alternatives make sense” (p. 137). Thus,
the planning of environmental policies for sustainable development should seek to
understand the interrelations established between historical economic, ecological
and cultural processes in the development of the productive forces of society (Leff
2006).

It is important to emphasize that, with the discussions about sustainable develop-
ment, the question of how to produce has become fundamental, to the detriment of
what and for whom to produce. In this process, irreversible and continuous changes
will be indispensable to expand the responsibility of thewhole society in constructive
actions that not only consider the present, but also the future of future generations
(Silva 2005). Hoeffel and Reis (2011) evidence that the sustainability problem is
embedded in extremely current and essential questions and discussions ranging from
the need to reconstruct contemporary society to reflections on the human dimension
itself in the creation and maintenance of environmental problems, in order to ensure
their existence in a society.

Considering the urgency and importance of this theme, in September 2015, the
193 member states of the United Nations formally adopted a new sustainable global
agenda, the 2030 Agenda for Sustainable Development, which presents 17 goals,
successors of the eightMillenniumDevelopment Goals, and 169 goals. Among other
issues, the document recognizes that sustainable urbandevelopment andmanagement
are fundamental to mankind’s life and aims to reduce the negative impacts of urban
activities and chemicals that are harmful to human health and the environment,
through rational environmental management and the safe use of chemicals, waste
reduction and recycling and more efficient use of water and energy (United Nations
2015).

Among the 17 goals, Goal 11 seeks to make cities and human settlements inclu-
sive, safe, resilient and sustainable. By 2030, it proposes to reduce the negative envi-
ronmental impact per capita of the cities, including paying special attention to air
quality, municipal waste management and others. Goal 12, however, seeks to ensure
sustainable production and consumption patterns, which, as mentioned above, are
fundamental to minimize socio-environmental impacts related to solid waste issues.
Among the proposals related to this goal that must be fulfilled by 2030 are: halving
world food waste per capita; achieving sustainable management and efficient use of
natural resources; substantially reduce the generation of waste through prevention,
reduction, recycling and reuse.

In light of the abovementioned in Agenda 2030 for Sustainable Development, it is
noted that the consumption, generation andmanagement of waste play a fundamental
role in guaranteeing global sustainability. For Dourado et al. (2014), consumption
and generation of waste demand for shared solutions and compromises, that evolve
the different interests of those involved, and that seek to engage social actors in
collective projects negotiating interests and desires and reinforcing dialogue and
public spaces that can foster public policies.
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In Brazil, in 2016, according to the Brazilian Association of Public Cleaning and
Special Waste Companies (ABRELPE), the numbers referring to the generation of
Urban Solid Waste (USW) revealed an annual total of almost 78.3 million tons. Of
these, the amount collected in 2016was 71.3million tons, which shows that 7million
tons of waste were not collected and, consequently, had an improper destination. In
relation to inadequate disposal, 3,331 Brazilian municipalities sent more than 29.7
million tons of waste, corresponding to 41.6% of that collected in 2016, to landfills or
landfills, which do not have the set of systems and measures necessary for protection
against damage and degradation (ABRELPE 2016).

This reality demonstrates that several governmental andnon-governmental actions
are urgent and necessary to minimize the problems arising from the mismanagement
and disposal of solid waste. In this sense, was enacted in the country, in 2010, the
federal law n. 12,305, which establishes the National Solid Waste Policy (NSWP),
providing its principles, goals, instruments and also guidelines related to integrated
management andwastemanagement.Among the goals of theNSWP, it is important to
highlight the protection of public health and environmental quality; non-generation,
reduction, reuse, recycling and treatment of waste, as well as the appropriate final
disposal and disposal of wastes; stimulating the adoption of sustainable patterns of
production of goods and consumption; besides integrated solid waste management.

Article 25mentions the responsibilities of generators and public authorities: “Pub-
lic power, the business sector and the community are responsible for the effectiveness
of actions aimed at ensuring compliance with the National Solid Waste Policy and
the guidelines and other determinations established in this Law and its regulations.”
The law also deals with shared responsibility as an indispensable instrument for the
proper management of solid waste in article 30: Shared responsibility for the prod-
uct lifecycle is established, to be implemented in an individualized and chained way,
covering manufacturers, importers, distributors and traders, consumers and holders
of public services of urban cleaning and solid waste management […] (Brasil 2010).

The National SolidWaste Policy brings relevant and innovative aspects in view of
prioritizing and sharing responsibility for the integrated management and environ-
mentally soundmanagement of solid wastes, using sectoral agreements, the different
types of plans and the economic instruments, instituting, also, a unique participa-
tive model of shared responsibility implementation in the reverse logistics system
(Yoshida 2012).

As can be seen in the policy, there is a need for articulated actions among various
social actors, such as entrepreneurs, representatives of public power and organized
civil society among others, so that the proper management of solid waste is really
feasible. This process will only be possible through the mobilization and direct and
effective participation of society, in this way it is evident the need for programs and
actions related to environmental education. In Brazil, as shown by Yoshida (2012),
there is a link between the National Solid Waste Policy and the National Environ-
mental Education Policy, in that the first incorporates environmental education as
one of its instruments, according to Article 8.

Among the goals presented in the National Environmental Education Policy
(Article 5), it is worth noting: the search for the development of an integrated
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understanding of the environment in its multiple and complex relationships,
involving ecological, psychological, legal, social, economic, scientific, cultural and
ethical; and the incentive to individual and collective participation, permanent and
responsible, in preserving the balance of the environment, meaning the defense of
environmental quality as an inseparable value of the exercise of citizenship (Brasil
1999). These goals are fundamental for practices aimed at solid waste management
to be carried out and incorporated by all those involved directly and indirectly.

In this context, it is worth mentioning the role of higher education institutions
(HEIs) as promoters of programs that collaborate in pursuit of sustainability. For
Sorrentino and Nascimento (2010), environmental education in HEI can fulfill two
roles: that of educating the institution itself to incorporate the environmental issue
into its daily life; and to contribute to the environmental education of society.

3 Case Study

With a view to analyzing the role of HEIs in the promotion of sustainability, a
case study of this work presents the Solid Waste Management Plan (SWMP) that is
currently in operation atUNIFAATand began in 2014. It is an action developed by the
Center for Studies, Research and Extension (CEPE/UNIFAAT) in association with
the college maintenance sector, responsible for an important part of its operational
management.

The plan was born in response to a demand presented by the institution’s inten-
tion to increase its environmental performance through the environmentally sound
management and destination of solid wastes generated at UNIFAAT. This demand,
in turn, originated from the merger between two main factors. Firstly, the pressure
of the municipal public power, which, supported by law n. 12,305, of August 2,
2010—National Solid Waste Policy (NSWP) (Brasil 2010), required that the insti-
tution prepared a solid waste management plan to ensure adequate management and
disposal of the solid waste generated by the institution. This was a second factor that
contributed to further drive the elaboration and execution of the plan—the expansion
of the interest of the management institution due to environmental issues.

The plan foresees a strategy that combines the type of segregation by groups—sep-
aration between dry and wet residues—with multiselective segregation—separation
by materials (Vilhena 2018). It is proposed that UNIFAAT attending public that the
waste generated in the institution be separated into two large groups, which bring
together various types of materials—recyclable and non-recyclable (suggesting seg-
regation by groups)—and a third more specific group, referring to only one type of
material—recyclable paper (common to multiselective segregation). In the group of
recyclables, waste metal, plastic, glass and Tetra Brik should be discarded. In the
case of non-recyclable, food waste, non-recyclable paper, napkin, Styrofoam and
other materials whose recycling is considered economically unfeasible in the region.

The choice to segregate recyclable paper separately, instead of doing so in asso-
ciation with the group containing the other recyclable materials, was due to two
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fundamental questions. Initially the fact that it is a type of material that can lose the
capacity to be recycled if it comes in contact with elements such as food waste or
juice and soda (substances that are often discarded together with plates and plastic
cups respectively, in waste collectors for recyclable materials). The second reason
that guided the decision to segregate this material in isolation was the expressive
amount of this specific type of waste that is generated within the institution, given
the essence of the procedures demanded by the educational practice. Despite the
significant contribution of digital resources to the contemporary process of learning,
it is also a universe whose activities rely heavily on the use of paper to achieve its
goals.

The three groups of waste are identified by the following colors: recyclable
paper—blue color; recyclable in general—orange; and non-recyclable—black color.
The recyclable paper was linked to the blue color in order to follow the internation-
ally used standard in multiselective segregation, as recommended by the National
Environmental Council (CONAMA) Resolution n. 275, of April 25, 2001 (Brasil
2001).

With 4 years of operation, the program has been collecting some relevant results.
Among them, the constant increase in the amount of recyclable materials that are sent
to a municipal cooperative, Cooperativa São José, in the neighborhood of Caetetuba
(Atibaia, state of São Paulo, Brazil), generates income for the members and their
families, as well as the consequent reduction of the volume of waste that is sent to
landfills, contributing to the extension of its useful life and avoiding the pollution of
the physical environment—currently, about 160 bags of 100L are sent per month,
containing recyclable materials generated in college, for the cooperative.

It should be emphasized that the NSWP (Brasil 2010) encourages the construc-
tion of solid waste management solutions with the participation of cooperatives or
other forms of associations of recyclable material collectors. The policy explains
the expectation that the evolution of solid waste management in the country can
contribute directly to the improvement of the living conditions of low-income indi-
viduals. Analyzing this phenomenon in the light of Agenda 30, the NSWP (Brasil
2010) identifies a gear that can assist in the combined achievement of more than one
Sustainable Development Goal (SDG) concomitantly. The search for the promotion
of an adequate solid waste management that has among its main guidelines the inclu-
sion of low-income individuals in the process, besides keeping a direct relationship
with SDG 11 (Cities and Sustainable Communities), also concerns goals such as the
Reduction of Inequalities (SDG 10) and the Eradication of Poverty (SDG 1) (United
Nations 2015).

Regarding the recycling of waste paper and cardboard generated in college, the
management plan has reached themark of about half a ton ofmaterial sent to recycling
monthly, through its commercialization in the recyclable waste market. In this way, a
revenue has been generated that, although not substantially expressive, generates an
important contribution to being reinvested in the management plan itself, providing
feedback and making the program more and more self-sufficient.
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Graph 1 Solid waste disposal costs—US dollar per student. SourceAuthors, 2018 * SWMP-solid
waste management plan

In addition to the aforementioned benefits, the recycling of these wastes also con-
tributes to reducing the amount of natural resources extracted from the environment,
since the introduction of recyclable material in the productive cycles, as an input, dis-
places the use of a part of the virgin raw material which would have to be withdrawn
directly from the natural environment.

Ratifying the relevance of the solid waste management plan to the goals that
underpin the tripod of sustainability, in relation to the economic dimension, it is
possible to assess a significant reduction in the cost associated with the destination
of solid waste from the college. Comparing the values associated with the years
2014 and 2017 (both referring to the first semester), an 80% reduction in the relative
value—cost per student (Graph 1) is identified. Since the number of students in 2017
is greater than in 2014 and considering that this is the main public that generates
waste in the institution, it is understood that the relative value is better to measure
the actual effectiveness of the plan.

Costs presented in Graph 1 are due to the service realized by the company that
collects the non-recyclable waste generated inside the college and to the disposal of
this waste in landfill. The total amount payed in each semester for the company was
divided by the number of students enrolled in the beginning of the correspondent
semester, in order estimate the solid waste disposal cost per student.

Before SWMP deployment—whose beginning occurred in 2014, all waste was
sent to landfill, including the recyclable one, once there was no segregation between
those materials that can be recycled and those that cannot. This way, college had
to pay for the disposal of all this material in the landfill. After SWMP deployment,
recyclable waste started to be discarded separately and to be collected by a recycling
cooperative,which generates incomes for itsworkers selling thismaterial to recycling
industries.
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In this sense, SWMP has been improved through years and, the less recyclable
materials has been discarded together with non-recyclable, the shorter has been the
volume of waste that the college has to send to landfills, reducing significantly its
costs due to waste transport and disposal—Graph 1. The analysis begins in the
first semester of 2014, when the SWMP started to be deployed, and goes up to the
first semester of 2017, when the most recent data was available during this paper
development—early 2018.

It should be noted that the results expressed above are also due to the solid waste
management experiences previously implemented in the institution, whose learning
directly contributed to the definition of the guidelines contemplated in the current
UNIFAAT’s Solid Waste Management Plan.

Aiming to broaden the understanding of the results obtained by UNIFAAT’s Solid
Waste Management Plan of, a survey was carried out with 529 graduating students
of undergraduate courses in the year 2018. The methodology adopted included the
application of a questionnaire with closed questions involving subjects related to
specific points of the SWMP. Of the participants in the survey, 65.2% were males,
33.5% were females and 1.3% did not respond to this question. In relation to age,
the majority of the students participating in the research (66%) are between 18 and
25 years old, indicating a significant participation of young people in research and
higher education.

The students were asked about the correct destination of solid waste in UNIFAAT,
a key issue for the SWMP evaluation. Regarding the disposal of recycled paper waste
(Table 1), 64% correctly answered that the collector is blue, however 35%mentioned
the wrong collector. When asked about the color of the collector for recyclable waste
(Table 2), 55% correctly quoted the orange collector and 44%misjudged the answer.

Analyzing Tables 1 and 2 it is possible to observe that most of the graduating
students correctly mentioned the collector for the recyclable waste. However, a sig-
nificant number did not correctly identify such collectors. This fact demonstrates the
need to expand actions and proposals related to environmental education, consider-
ing that in solid waste management the process based on the training, reflection and
critical awareness of the individuals involved is fundamental.

Table 1 What is the color of
the collector where waste
paper should be disposed of?

Category of answers N. %

Green 71 13

Blue 341 64

Yellow 15 3

Orange 82 16

Black 14 3

Blank 6 1

Total 529 100

Source Authors, 2018
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Table 2 What is the color of
the collector where recyclable
waste such as metal, glass and
plastic should be disposed of?

Category of answers N. %

Green 89 17

Blue 66 12

Yellow 60 11

Orange 290 55

Black 19 4

Blank 5 1

Total 529 100

Source Authors, 2018

Table 3 What is the color of
the collector where
non-recyclable waste should
be disposed of?

Category of answers N. %

Green 6 1

Blue 10 2

Yellow 39 7

Orange 49 9

Black 420 79

Blank 5 1

Total 529 100

Source Authors, 2018

The educational bias should be emphasized when analyzing students’ knowledge
about non-recyclable waste. When asked about which collector the non-recyclable
wastes should be discarded, 79% of respondents correctly indicated the collector
and 19% missed the question (Table 3). It should be noted that a significant number
correctly indicated the collector for the non-recyclable waste, since it shows greater
efficiency of the SWMP with regard to this type of waste, however it is necessary to
work more the educational approach of this approach so that these results are still
best.

Regarding the indicationofwhichwastes shouldbediscarded in theblack collector
(Table 4), the majority (47%) correctly indicated styrofoam, however a representa-
tive number (39%) mistakenly quoted the dirty plastic container with food rest. As
previously mentioned, styrofoam is classified as non-recyclable because this process
is considered economically unfeasible in the region. Already the same dirty plastic
with rest of food can be destined for the recycling. The final students, for the most
part, know in which collector they should use the non-recyclable waste; on the other
hand, they still have doubts about the type of waste that should be discarded in such a
collector. This reality may jeopardize the proper functioning of UNIFAAT’s SWMP,
reinforcing once again the importance of environmental education in this process.

In addition to the specific issues related to SWMP, the final students were asked
about the concept of the environment. 26.7% mentioned that the environment is
related to water, forests, soil, climate and animals; 10.6% biodiversity and 56.7% the
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Table 4 Which of these
wastes should be disposed of
in the non-recyclable
collector?

Category of answers N. %

Long life packaging (TetraBrik) 36 7

Dirty plastic container with food leftovers 208 39

Styrofoam 247 47

Packing of salty snack 18 3

Sulphite sheet with pen or printer ink 10 2

Blank 10 2

Total 529 100

Source Authors, 2018

interaction between social, cultural, political, economic, biological and ecological
factors. Thus, it is noted that the complex view of the environment is more represen-
tative, a very important fact for environmental education, which must transcend only
biological and natural aspects to form critical, reflective and transforming citizens
of the socio-environmental reality in which they are inserted.

In this sense, it should be noted that higher education institutions are still impor-
tant references for the societies that shelter them and maintain them as centers of
knowledge production and possibilities for solutions to the problems experienced by
them, as an opportunity to improve the quality of life and as place of formation of
our people. Thus, what is done and how it is carried out can serve as a parameter
for several sectors of society (Sorrentino and Nascimento 2010) and in the various
themes related to sustainability, with solid waste management.

4 Conclusion

According to Smyth et al. (2010), solid waste management programs are one of the
greatest challenges to achieving sustainability on campus. In this sense, the devel-
opment of this work demonstrated the importance, results and challenges of the
preparation, implementation and maintenance of UNIFAAT’s Solid Waste Manage-
ment Plan. In four years of existence of this proposal, it is possible to conclude that it
was possible to achieve direct and indirect economic benefits, in view of the reduc-
tion of the cost of waste disposal in the institution and the possibility of generating
income for those involved in the processes regarding the recycling of this material.
In addition, proposals such as this can help minimize the pollution of soil, air and
water generated by the inadequate disposal of solid waste.

Analyzing the students’ perceptions about specific issues of the plan, it is possible
to affirm that the educational potential of the SWMP still needs to be further devel-
oped, seeking, on the one hand, to improve the results of the plan and on the other
hand to explore the role of the plan as an important tool environmental education.
This finding is due to the fact that although themajority of students correctly mention
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the colors of waste collectors in UNIFAAT, there is still an important part that does
not know the process adequately. Thus, one of the limitations of Unifaat’s SWMP
is to improve the educational process that must be linked to proposals that seek to
minimize environmental impacts. Another issue is the importance of researches to
raise and analyze reasons that lead students, teachers and employees to adopt or not
a more adequate action regarding the destination of solid waste produced in the HEI.
Knowing this reality will be possible to improve the SWMP as well as environmental
education actions.

In this context, Chawla and Cushing (2007) mention that in order for individuals’
behavior to be really promoters of environmental conservation, political engagement
is necessary, since action for the environment at home or in the public arena, such
as schools, universities and communities, requires a personal sense of competence
and a sense of collective competence, or confidence in the ability to achieve goals
by working with a group.

In this sense, one of the next steps to be taken by the institution is to develop
an environmental education program in parallel to the SWMP, seeking to improve
results obtained regarding disposal of solid waste and enable students, teachers and
employees to be aware of their role in conserving the environment and ensuring
individuals quality of life. Another important issue is to improve waste segregation
by, for example, using organic waste for composting.

The process of implementation and improvement of UNIFAAT’s SWMP besides,
directly and indirectly, involving different social actors inserted in the campus socio-
environmental reality, can collaborate in a significant way for urban solid waste
management due to benefits of correct destination of residues and the possibility of
encouraging other organizations to adopt the same attitude.

Thus, the role of institutions and higher education in implementing and promoting
environmental management proposals, such as the UNIFAAT’s SWMP, is evident,
as well as training citizens and professionals aware of their role in the quest for
sustainability. The challenges are great but not insurmountable in that the educational
environment is conducive and rich in opportunities and possibilities as regards the
process of teaching learning for students, teachers and the community.
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Taking the Students to the Landfill—The
Role of Universities in Disseminating
Knowledge About Waste Management

Sara Falsini, Sandra Ristori and Ugo Bardi

Abstract This paper reports the results of three years of work at the University of
Florence dedicated to waste management and other sustainability-related activities.
The rationale that guided this effort was to use the prestige of the University to
disseminate knowledge about good practices of waste management with the local
society. The results presented here are still preliminary, but we believe they are
promising and worth of further exploration.

Keywords Waste management · Sustainable campus ·Waste collection · Landfills

1 Introduction

Waste management is not just a fundamental problem, it is an existential one (Fears
and Furby 2018). We must learn how to close the cycle of the minerals we utilize
in the industrial and the agricultural processes. Otherwise, in the long run, society
as we know it is condemned to disappear as a result of either the exhaustion of the
natural resources or the negative effects of pollution, including climate change.

The importance of the problem of waste is perceived at all levels of society but in
different ways. Citizens are (sometimes correctly) worried that waste management
is a business susceptible to funnel money away from their pockets into those of
shady operators. At times, they are worried that the waste laboriously separated in
different containers ismixed together again and thrown into a landfill, instead of being
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recycled (obviously a legend, but a diffuse one). On the other side, specialists often
scoff at citizens and their representatives, considering such worries as unfunded and
politically or ideologically motivated. These contrasting views generate hot debates
and sometimes more than that. Rarely, the underlying fundamental question of the
circular economy is brought into discussions dominated, by financial and cost factors
on one side, and by perceived dangers and practical factors on the other side.

The result is that the waste problem has often been overlooked in the past. Just
think of how the question of “one-use” plastics has under-estimated. 9 billion tons
of non-biodegradable plastic of fossil origin has been produced so far (Geyer et al.
2017)—most of it is still in the ecosystem in forms which are doing much damage
to all living species. So, we are facing an issue of management and management is
primarily a question of communication. But, there cannot be communication without
trust and, without communication, there cannot bemanagement. Building trust about
any subject needs structures and organizations able to manage the issues by gaining
trust from all the sides involved. Here, we believe that universities can play a major
role in society by engaging in innovative initiative of waste management and dis-
seminating to the citizens their knowledge on the subject. Universities—especially
in Europe—are ancient organizations dedicated to the pursuit of knowledge and they
enjoy a prestige that few other organizations have, nowadays. So, they are especially
suitable for this task.

In this communication, we describe the experience of the University of Florence
in building a bridge and creating trust among the local community on the subject
of waste management, students, administrators and the local waste management
agencies. Our experience consists of multiple level activities including public pre-
sentations, the set-up of waste collection facilities on campus, students involvement,
and more. The results that we show in the present paper are still preliminary and not
based on quantitative measurements. But the available data are sufficient to judge
these activities promising and worth pursuing.

2 The Role of Universities

Sustainability may be part of university curricula in various disciplines, from chem-
istry to economics. Rarely, however, this curriculum includes waste management
intended as part of the concept of “circular economy,” that is, closing the cycle of
the natural resources, to ensure their supply over time. In Florence, the University
started a new approach in this field in 2016 with the decision of taking an active role
in promoting a circular economy and sustainability both in educational and practi-
cal terms. The actions in this field started with the creation of a specific institutional
figure: a faculty member nominated as “delegate for communication on environmen-
tal sustainability.” Later on, a “Green Office” was created as a focal point for all the
sustainability actions. An informal network of interested students, faculty members,
and administrators was also created with the name of “Sustainable University.” By
pivoting on these structures, several activities related to sustainability were carried
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out. Here, we report about those more strictly related to waste management and the
concept of circular economy.

1. Specific facilities (Ecotappe) dedicated to waste management available to
employees and to citizens.

2. Open classes on the subject of sustainability for students, employees, and citizens.
3. Involvement of students with practical waste management activities.
4. Other, activities: reducing the use of plastic in the university student cafeterias,

optimization of waste containers, public water fountains to reduce the need for
plastic bottles, and other sensitization activities.

2.1 The “Ecotappe” (Ecostops)

One of the typical problem for the citizens who want to engage in the correct proce-
dures of waste disposal is how to deal with some kinds of waste which don’t fit in
the ordinary categories of household waste. This “special” waste includes electronic
waste, spray cans, printer toners, used batteries, and more. It is perfectly possible to
collect and recycle these items which may contain toxic elements, but also valuable
materials. The problem is the low volume of the stream, which makes it expensive to
keep separate collection facilities, especially considering that uncontrolled services
are subjected to vandalism and improper use. So, in most cases, in Italy, this waste
is collected only at specific times and locations. This is obviously a problem for the
citizens who have to keep track of the scheduled collection times.

One possibility to improve this service is the “Ecotappe” system, an Italian term
that can be translated as “Ecostops.” It has been created in Tuscany by the Alia S.p.A
company as part of an effort to improve the collection of separated waste. In some
cases, Alia provides continuously supervised “Ecostazioni” (“ecostations”) but the
Ecotappe are managed by volunteers: the personnel of shops, government services,
and associations. The supervision, in this case, requires little more than keeping an
eye on the containers to make sure that they are not vandalized and that no obviously
improper waste is deposited. The containers of the Ecotappe are fully managed by
Alia S.p.A (UrbanWaste management service in Florence), which also intervenes in
case anything wrong were to happen.

The University of Florence has decided to deploy this service in some of its build-
ings and offering it not only to its employees but to all citizens. The first university
Ecotappa has been installed in 2017 as a test. It has been functioning formore than six
months by now, generating no problems and proving to be popular with students and
employees. This Ecotappa is located in one of the University campuses (Fig. 1), not
close to residences or commercial areas, so it is used almost exclusively by students
and university personnel. Six more of these facilities are planned for installation in
2018. Some of them will be located in buildings downtown in Florence and it will
be interesting to see how much the local residents will use them.
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Fig. 1 One of the authors of the present paper, Sara Falsini, in 2017, during the installation of
the first “Ecotappa” (Ecostop) in one of the buildings of the University of Florence (Photo by the
authors)

2.2 Visiting Waste Management Plants

This is a hands-on experience for students which has been already carried out a
number of times with the Alia treatment plant of the town of Campi Bisenzio and
with the REVET plastic recycling plant of Pontedera. The students who participated
were involved in various fields of chemistry and materials science and they were
prepared for the basic ideas related to waste treatment and recycling. Nevertheless,
the reality of a waste treatment plant can be shocking in terms of noise and smell
(Fig. 2).

The students are often surprised by how complex the waste separation process
is, made more difficult by the wrong objects often thrown in the organic stream by
careless citizens. But they are also pleasantly surprised by discovering how efficient
the process is in generating a homogeneous—not smelling at all—soil conditioner.

The complexity of the recycling process can also be directly perceived at the
REVET plastic recycling plant. Figure 3 shows a group of chemistry students visiting
the plant.
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Fig. 2 The young lady who appears in this picture is a 4th year student in a curriculum in chemistry
at the University of Florence. She is visiting theAlia S.p.Awaste treatment plant of Campi Bisenzio,
Florence (Original photo by the authors)

Fig. 3 Students of the University of Florence visiting the REVET recycling plant in Pontedera.
DiegoBarsotti (on the left) an Employee of Revet, is showing to them the granularmaterial produced

2.3 Disseminating Information on Waste Management,
Recycling, and the Circular Economy

In 2016, the University of Florence held three public “information days,” one of
which was dedicated to waste management and the circular economy. A second
public conference on waste management was held in 2018.
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Fig. 4 People attending the information course on waste management, recycling and the circular
economy at the Aula Magna of the University of Florence in 2017

The participants attended talks in various fields, from climate scientists to local
experts in waste treatment and management. These talks were given by specialists
and there was no attempt to hide the complexity of the matters being discussed.
During the first series of talks, about 200 people gathered at the Aula Magna of
the University of Florence (Fig. 4), mostly university employees, but also students,
faculty members, and interested citizens. The session also involved a question and
answer session, with some citizens expressing concern about some aspects of waste
management in their neighborhoods.

We made no attempt at a formal evaluation of the results of this initiative, but
informal feedback from the audience indicated that themessage passed.Many people
reported to have been not just interested but fascinated. They had no idea that waste
management involved such complex and variegated aspects. The 2018 session turned
out to be less crowded, but it produced similar results: much attention and interest,
and sometimes amazement.

3 Assessment and Conclusion

Waste management is a complex and variegated issue. Most people who are not
scientists simply take information from the mainstream media and normally in the
form of snippets, drowned in the general noise of the news. In the case of waste
management, the problem is complicated by commercial interests of people involved
in one or another treatment method. On the other hand, politically motivated people
often try to get traction from demonizing this or that aspect of waste management.

What is clear, in any case, is that much of what is being said and done in this
field is insufficient to deal with the waste created so far and which will be cre-
ated in the future. In addition to the household waste, often perceived as the most
important problem, other giant masses of waste are being produced. For instance,
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cement is being produced at the astonishing rate of more than 4 billion tons per year
(Statista 2018), worldwide. While it is true that during the past few years the overall
waste production has not been increasing (Bardi et al. 2014), dealing with the giant
masses already produced, as well as with the current production, is fast becoming an
intractable problem.

Facing this situation, it is no longer sufficient to charge citizens with the task of
differentiating the waste produced at home. It is a praiseworthy activity, but wholly
insufficient for the challenges ahead. If the problem is not addressed at the origin, it
can never be solved. And addressing the problem at the origin requires strictly cur-
tailing—if not eliminating—materials which cannot be dealt with in the framework
of a fully circular economy, for instance, plastic obtained from fossil hydrocarbons is
unsustainable to produce and unsustainable to dispose of. Strongly reducing plastic
in industrial processes will be perceived as a burden by the public, most likely a
heavier burden than having to differentiate household waste.

In the end, waste management is mostly a problem of communication. And com-
munication is a problem of trust. These notes are the preliminary report of how the
University of Florence acting in the direction of building trust to improve commu-
nication with citizens in the field of waste management. As mentioned earlier on,
the strategy of this action has been to build (or rebuild) trust between citizens and
institutions. This trust is often lost in the noise (and sometimes misinformation) of
the media. So far, we haven’t been able to perform quantitative measurements of the
effects of these activities on the public perception on the issue of waste management,
nor on the habits of the public in dealing with household waste. Nevertheless, we
used informal polls with the people involving with these activities and we can report
that the response has been extremely positive and—in some cases—enthousiastic.

The University is full of problems nowadays, but it is an ancient institution sup-
posed to exist in order to create science and culture, not to make money. Because of
this, it enjoys a prestige and can use its influence on the public to do something right.
Specifically, it is telling its employees, students, and citizens, “we value you, so we
offer you our knowledge and our facilities. We trust that you will appreciate it.” So
far, the targets of these activities responded by retailing the trust and appreciating this
gift. This approach is, obviously, just a small step in the direction of a fully circular
economy, nevertheless we believe that it is worth acting on the basis of the principle
that trust begets trust. So, we’ll keep moving forward.
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Abstract Occupant behavior is one of the most important contributors to a build-
ing’s energy and water consumption. This study investigates the influence of: envi-
ronmental attitude, identity, and presence of green building features on students’
environmentally responsible behavior. Study was conducted at university campus
settings. 121 residents of green and conventional student residences have completed
a survey, answering the questions about their behaviors, beliefs, and the perception
of green features in their residence. Green building features have been divided into
two categories: visual and conceptual. The results of statistical analyses have shown
that the main determinant of students’ behavior is the level of their environmental
identity. Students who live in green residences declare lower environmental identity
and less pro-environmental behaviors than students in conventional residences. In
green residences, environmentally responsible behaviors are more frequent when
students are aware of the presence of visual green building features. At the same
time, despite declaring less pro-environmental behaviors, students in green dormi-
tories feel they have become more pro-environmental since they moved to green
dormitories. Implications of these findings are discussed, in the context of previous
studies on architectural and psychological factors affecting environmentally respon-
sible behaviors and in the context of moral licensing.
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1 Introduction

In the discussion of sustainability in university campuses, the topic of buildings and
their surrounding—entities that physically create the campus—cannot be ignored.
A growing interest in both—green building construction and research on their effi-
ciency can be observed in university settings (Watson et al. 2015). Green buildings
are designed and built to minimize their environmental impact—mainly through
energy and water efficiency (Allen et al. 2015). A building is perceived as green
when it addresses certain sustainability issues and provides indoor conditions con-
ducive to human health (Ching and Shapiro 2014). Efficiency is often achieved
by implementing architectural and technological solutions. However, the effect of
inhabitants’ (building users) behaviors in improving building efficiency is also gain-
ing recognition (Janda 2011; Willis et al. 2011). Since universities have been early
adopters of sustainability policies (Agdas et al. 2015) their campuses are recognized
research settings in sustainability-related problems. Researchers have attempted to
examine environmental beliefs, and defined motivations for student’s environmen-
tally responsible behaviors (Parece et al. 2013; Vicente-Molina et al. 2013; Watson
et al. 2015). Moreover, the efficiency of behavioral interventions among students
has been tested (Emeakaroha et al. 2014; Petersen et al. 2007; Sintov et al. 2016) as
well as the influence of university education on pro-environmental behaviors (Meyer
2016). Campus settings have been also a field for research on relations between green
university buildings and their inhabitants. Those relations included the comparison
of resident’s satisfaction in green and conventional student residences (Bonde and
Ramirez 2015), willingness to pay for living in sustainable buildings (Attaran and
Celik 2015), influence of LEED certification on student’s behaviors (Watson et al.
2015) and building’s ability to communicate pro-environmental messages to the
occupants (Lynam 2007; Mitchell 2006).

The concept of architecture acting as communication channel between architects
and building users is described in the literature in several contexts. Architects are
coding messages while designing the building. If the user (observer) shares the same
schemata1 as the architect, he can decode the message and “read” the building and
react accordingly (Rapoport 1990). In the view of Lynam (2007), Mitchell (2006),
Wu et al. (2017) green buildings can communicate a green message to building
users via active and passive instructions. Passive instructions are embedded in the
architectural design of the building—it is the building and its components. Wu et al.
(2017) have divided passive instructions into visual (e.g. solar panels) and conceptual
(e.g. good indoor environmental quality) features. Active instruction is a face-to-face
transmission—for example, a real-time visualization of energy consumption in the
building.

The background of this paper was formed by the literature review on factors
influencing environmentally responsible behaviors (ERB), and investigation on green
buildings inhabitants’ communication. While it has been shown that psychological

1A pattern of thought or behavior that organizes categories of information and the relationships
among them.
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factors do influence ERB, it is not obvious if there is a relation between green building
features and pro-environmental behaviors of the inhabitants.

In this study our purpose was to determine whether:

• students notice the green features and environmentally friendly building design
when ‘being green’ is not officially advertised (by advertisement we understand
building certification—for example LEED2 or BREEAM3),

• green building features influence students’ environmentally responsible behaviors
and the extent of their behaviors

• other, non-architectural factors (such as environmental identity, length of stay in
environmentally friendly residence) influence student’s behaviors.

The results show that students in green student residences pay attention to green
building features and that noticing visual green building features positively influ-
ences their behavior. Surprisingly, students who live in green residences declared
lower environmental identity and worse behavior than students from conventional
residences. Another important finding is that students in green student residences
declared lower environmental identity and behaviors, although they felt they became
more pro-environmental since they moved to green building.

The results add new insights to research on visual and conceptual green building
features and their influence on environmentally responsible behaviors. They also
extent the existing knowledge on the determinants of student’s ERB—by showing
that green building design affects student’s behavior, but the main determinant is
environmental identity. Findings from our research confirm, that Universities and
owners of student residences should not relay only on green design while solving the
problem of water/energy over usage or promoting environmentally friendly behav-
iors. The design needs to be supported by tailored behavioral interventions. The
discussion and conclusions are expected to draw attention to the problem of moral
licensing that clearly appears in the context of green buildings in the university set-
tings. Authors believe that understanding the different factors affecting student’s
behaviors will help universities in achieving their sustainable goals.

2 Communication Channels: Green Buildings and Their
Occupants

As indicated in the introduction, architects can code the visual messages into the
building design. Observers can encode them if they share the same schemata.
Research suggests that sharing the same schemata might be crucial in understand-
ing green building message. Mitchell (2006) wanted to establish if green buildings

2LEED—(Leadership in Energy and Environmental Design) is a green building rating and assess-
ment system.
3BREEAM—(Building Research Establishment Environmental Assessment Method) is a green
building rating and assessment system.
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communicate a green message and which form of passive communication is the
most effective. She chose four green academic buildings to conduct interviews. She
pointed out that initial problem was lack of understanding of the meaning “green”
or “pro-environmental” among interviewees. During the interview, participants were
directly asked, if they think the building communicates a green message. Most of the
students who think that the building communicates the message were students with
previous knowledge about the green profile of the residence. To establish the most
effective communication strategies, Michell asked the interviewees to describe them.
The ones that were pointed the most often, she called “triggers”—‘they caused occu-
pants to link the strategy with the pro-environmental construct’. The most common
ones were: photovoltaics, salvaged materials, reused buildings, recycling bins, com-
posting toilets, biophilic elements, natural ventilation, green roofs, and occupancy
sensors. Because most of the research participants already knew that the buildings
were pro-environmental, it was problematic to establish if the building features really
communicated the green message.

Lynam (2007) has also examined if green academic buildings communicate a pro-
environmental message. She asked a set of questions in the form of interviews and
a survey to students who are residing in green and conventional student residences.
During the interviews, she discovered that most of the students knew that the building
was green because someone (instructor or lecturer) told them so. Three students (out
of six interviewed) were fully aware of green building features, while one of them
was completely unaware. Interestingly, when students were asked to describe the
building, they mentioned most of the green features. They have noticed them, but the
link between certain feature and the idea of it being pro-environmental was not clear.
The second part of the research was the survey where students were asked questions
from the new environmental paradigm (NEP). The results showed that students in
conventional buildings scored higher than students in the green building. Lynam
concluded that without prior-knowledge of green design, students were unable to
encode the green message from the building. However, if they had knowledge, the
building would communicate the green message.

Lynam (2007) has asked about the visibility of green features only during the
interviews. Then she asked a larger group of students about their environmental
identity, but without correlating it with the understanding of green features. She
explained the lower environmental identity in green buildings by active involvement
in environmental actions declared by students in conventional buildings and inability
to encode the green features by students living in green buildings.

3 The Influence of Beliefs and Identity on Environmentally
Responsible Student Behaviors

Research indicates environmental identity as a strong behavioral determinant (Whit-
marsh and O’Neill 2010). In the study of Parris et al. (2014) researchers exam-
ined the differences in perception of ecological justice and injustice in green
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(LEED certified) and conventional student residences (N = 300). They did not find
any difference between two groups, but they found a positive correlation between
identity and the perception of all three types of ecological justice they havemeasured.

In the study ofWatson et al. (2015), researchers attempted to examine the effects of
living in green student residences on environmentally responsible behaviors (ERBs).
They surveyed 243 inhabitants of four (Two LEED certified and two conventional)
student residences. Students were surveyed twice—before moving in and after mov-
ing out. They were asked about different types of environmental behaviors (ERB),
and their environmental identity wasmeasured using an environmental identity scale.
Findings show that inhabitants of green student residences engage more in certain
behaviors than inhabitants of conventional residences. Moreover, for green build-
ings, students with weak environmental identity show a more substantial increase in
pro-environmental behaviors than students with strong identity.

Wilkinson et al. (2014) have examined ‘green citizenship’ in conventional and
green residential dwellings (Green Mark) in Malaysia (N = 59) using the survey.
They examined environmental beliefs, attitudes and behaviors and self-perceived
changes in these since they moved to green apartments. Researchers found out that
the environmental identity was slightly higher in green than conventional apartments.
For some categories, there was no difference between the two groups. In terms of
behavior, in most categories, there was no significant difference between the groups.
Authors concluded that in terms of pro-environmental behaviors and identity, there
was no significant difference between green apartments inhabitants and conventional
apartments inhabitants. For the question of self-reported influence that green build-
ings have on inhabitants, 17.1% declared positive effect on environmental attitude,
82,9% neutral. No one reported a negative effect.

The majority of research conducted within the topic of green buildings, pro-
environmental identity, and behaviors are conducted in buildings that are certified.4

Researchers have not examined if inhabitants are aware of the fact that the building is
green and how they understand the term “green building.” They also did not check if
occupants have noticed any “green features” and understand the link between them
and the pro-environmental profile of the building.

4 Occupants in Green Buildings-Moral Licensing

Moral licensing is defined as: “feeling to be entitled to a self-indulgent behavior that
one would not permit oneself without first having done a positive action” (Tiefenbeck
et al. 2013). The idea is well described in research performed by Sachdeva et al.
(2009). They conducted an experiment in a university setting. Participants were first
asked to write a story related to them, using specific words. Words were positive
(e.g. kind, generous etc.), neutral (e.g. book, house) or negative (e.g. greedy, selfish).
After completing the task, they were told about the possibility to donate money to

4Certified with multicriteria certification scheme, such as: LEED, BREEAM, DGNB.
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charity. Participants who wrote negative stories donate five times more money that
participants who write a positive one. Results from two more, modified experiments
suggest that affirming a moral identity leads to immoral actions. In the context of
pro-environmental behavior, research shows that positive action in one domainmight
cause a negative one in other, such as increasing electricity usage while reducing
water usage under environmental campaign (Tiefenbeck et al. 2013) or even cheating
and stealing after buying green products, which happens more often compared to
after buying ordinary products (Mazar and Zhong 2010). Wilkinson et al. (2014)
have suggested that moral licensing could be also recognized in behaviours of green
building occupants. Since they have already done a positive thing (they bought or
chose to live in green building), they will justify themselves and refuse to take further
environmental actions (e.g. pro-environmental behaviors).

5 Method

The study evaluated the outcomes from surveys performed in five student residences.
Wehave chosen three residenceswith green features and two conventionally designed
residences. The place of the study was Aarhus, Denmark.

Data collection and sample: The data for this study were collected in the period
of 22.05–09.06.2017. Firstly, the link to the online survey was posted in Facebook
of student residences groups (each has its own group). After two weeks of collecting
data online, authors went to Aarhus to personally collect surveys using electronic
mobile devices. Questionnaires were filled in entrance halls, authors stayed in each
hall for couple of hours. After survey completion, each student received a unique
code that enabled him to participate in the lottery with the price of a 30-euro Amazon
Voucher. A total population of green student residences was 480, where 72 of them
completed the survey, resulting in a response rate of 15%. The total population of
conventional residences was 290, where 49 completed the survey. Response rate was
17%. The response rate for the whole sample was 15.7%.

Survey: The survey included 13 questions. Where indicated, questions were con-
structed based on contributing factors identified in previous research.

Green identity: Thequestions for this scalewas drawn from the researchperformed
by Parris et al. (2014), who used the subset of Clayton scale (Clayton and Opotow
2003). Students were answering questions using a 1–7 range (1 = not at all, 7 =
completely true) to describe their agreement with following statements:

• “Engaging in environmental behaviors is important to me”
• “I think of myself as a part of nature, not separate from it”
• “I feel that I have roots to a particular geographic location that had a significant
impact of my development”

• “In general, being part of the natural world is an important part of my self-image”
• “My own interests usually seem to coincide with the position advocated by envi-
ronmentalists”
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• “Being a part of the ecosystem is an important part of who I am”.

The scale had high internal consistency with Cronbach’s alpha = 0.87
Green behaviors: Questions about environmentally responsible behaviors were

answered on a Likert scale with responses ranging from 1 “Never” (1) to “Always”
(7) and formulated following the instructions of Parris et al. (2014). Students were
asked about:

• turning off the faucet while brushing teeth,
• turn off lights when exiting a room,
• walk, ride a bike, or take public transportation instead of driving or riding in a car,
• unplug chargers for phones, iPods, etc., when not in use,
• carpool to a destination,
• recycle paper,
• recycle containers (e.g., plastic, glass and aluminum),
• attend a meeting or event sponsored by environmental group,
• encourage family members to recycle,
• encourage friends to recycle.

The internal consistency of green behaviors was questionable with a Cronbach’s
alpha of 0.66.

Green attitudes: The questions for this scale was drawn fromWilkinson research,
(Wilkinson et al. 2014) who use a subset of NEP (Dunlap and Van Liere 2008).
Students were answering in 1–7 range (1 = not at all, 7 = completely true) to what
extent they agree with following statements:

• “We are approaching the limit of people that earth can support”.
• “Humanswill eventually learn enough about hownatureworks to be able to control
it”.

• “Humans were meant to rule over the rest of nature”.
• “The balance of nature is very delicate and easy to upset”.
• “If things continue their present course, wewill soon experience amajor ecological
catastrophe”.

The internal consistency of the green attitude scale was low (Cronbach’s alpha
= 0.46). This was due most strongly to the second question although when dropped
the internal consistency raised only slightly (to 0.50).

Conceptual and Visual features: The last part of the survey focused on green
building features. It was a set of questions supported by visuals (see Fig. 1). Green
features were divided according to Wu et al. (2017) to.

Visual green features: The green design feature is visually evident (for example
solar panels on the facades).

Conceptual green features: The green feature provides no visual evidence of its
presence (for example low VOC furniture, access to natural light, thermal comfort).

Additional measures: In addition to the above variables, length of stay at the
dormitory and a question regarding becoming more pro-ecological since joining the
student residence were recorded.
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Fig. 1 “Have younoticed anypro- environmental features incorporated in the design of your student
dormitory?” Examples of visuals used in the survey (Author: M. Mokrzecka)

Overview of statistical analyses: Statistical analyses were divided into three parts.
In the first part the green: identities, behaviors, and attitudes were compared in green
and standard residences using the two-independent sample t-test. In the second part
the same three observed variables were regressed, using multiple regression, on the
number of visual and conceptual features noticed in the green dormitories. Percentage
of variance accounted (R2), the omnibusF-test and estimate sizes and standard errors,
as well as their associated t-tests were reported. In the third part, the effect of the
length of stay in a green residence on the three observed variables was examined
using simple regression. Statistical analyses were performed using the R statistical
package (R Development Core Team 2018).

Description of green student residences:Det StoreHavnehus (Fig. 2)was designed
byArkitema and build in 2012. It is a 12-story building, offering 190 places in studios
and one-bedroom apartments. It was designed tomeet “A” energy class (high thermal
efficiency, very good thermal insulation). Photovoltaic panels are integrated with the
south façade, solar panels are placed on the roof. There aremovement sensors turning
the light on and off installed in corridors and entrance hall. Equipment (washing
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Fig. 2 Det Store Havnehus—view on both facades, recycling bins outside the building, solar instal-
lation on the roof. Photographs M. Mokrzecka

Fig. 3 Det Lile Havnehus—view on the PV installation on the roof, internal atrium and common
terraces. Photographs M. Mokrzecka

machines, fridges etc.) meets A++ energy standard. There is a limited possibility
for recycling inside the building—special bins are located outside.

Det LilleHavnehus (Fig. 3)was designed byTerroir andCuboArkitekter and build
in 2013. It is situated next to Det Store Havnehus. Six-story residence offers 50 one-
bedroom studio, usually inhabit by couples. The building is energy efficient (energy
class ‘A’), with efficient equipment and lighting. There are movement sensors on the
corridors and entrance hall. The whole roof is covered with photovoltaic installation
which provides electricity to support lights in common spaces (corridors, common
room etc.). Rooms are equipped with manual thermostats to adjust the radiators
temperature. There is limited possibility for recycling inside the building—special
bins are located outside.

Grundfos Kollegiet (Fig. 4) was designed by Cebra Architects and built in 2012.
It is situated next to previous dormitories. It has 12 stories and 6000 m2 of surface
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Fig. 4 Grundfos Kollegiet—view on the facade, atrium design, technical equipment inside the
rooms. Photographs M. Mokrzecka

area. Its design is an effect of cooperation between Grundfos company and private
investor. It is a ‘living laboratory’, where Grundfos equipment is tested. 1800 sen-
sors measure indoor temperature, CO2 concentration, humidity, energy, water, and
electricity usage. Data is analyzed by Grundfos and Aarhus University who is a
research partner in this project. The building is energy efficient (energy class ‘A’),
with efficient equipment and lighting. There are movement sensors on the corridors
and entrance hall. The core of the building is the centrally located atrium covered
with skylight. To provide natural light to the lower parts of the building the external
parts of railings were covered with mirrors that reflect the sun (Fig. 4). Rooms are
equipped with manual thermostats to adjust the temperature of the radiator.

Description of conventional student residents: Skejbyparken (Fig. 5) and Ske-
jbygård (Fig. 6) are student residences located in the northern part of Aarhus. Ske-
jbyparken is a complex of five, four story buildings with two-person apartments
inside, with total capacity of 150 rooms. Skejbygård is an eight-story building that
accommodates 125 students in one-person studios (with private bathroom and kitch-
enette). Skejbygårdwas built in 1994whereas Skejbyparken in year 2000. The energy
class of both buildings is ‘C’ with standard insulation properties and standard equip-
ment. No LED fittings nor water-saving devices are installed. There are movement
sensors in the corridors. Solar panels are not installed in any of the residential parts
of the buildings, however they are installed on the roof of community building (Ske-
jbyparken) and bike shed (Skejbygård).

There are 44 000 students enrolled only in the University of Aarhus. Apart from
the university, there are nine different schools offering higher education degree. Dor-
mitories are not assigned to university or school. Ungdomsbolig Aarhus is a private
company that provides accommodation for students. Students from all universities
apply to Ungdomsbolig and inmost cases, they are randomly assigned to the first free
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Fig. 5 The Skejbyparken complex. Photographs M. Mokrzecka

Fig. 6 Skejbygård Kollegiet—interiors and facade. Photographs M. Mokrzecka

room that appears in the system. Because of that, in all six dormitories, there is a mix
of students from different universities and years of studies. In each dormitory there
is a stable share of Erasmus students—so they are usually evenly distributed among
all residences. For “green” residence group we have chosen buildings with visual
and conceptual green building features. For conventional residence groups we have
chosen buildings that were conventionally design, however some green conceptual
features (motion sensors, recycling bins) appears.

6 Results

Comparing residences with respect to pro-environmental behavior, attitudes, and
identity: Contrary to expectations living in green residence was associated with
significantly lower declared environmentally friendly behaviors and significantly
decreased pro-environmental identity. However, respondents declared that they had
felt they have becomemore pro-environmental since joining the residence more so
in the green than the conventional buildings. Pro-environmental attitudes were not
significantly related to living in an eco-friendly residence. The statistical tests are for
these variables are shown in Table 1.
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The mean levels of frequency of reported behavior types for both green and
conventional residences are shown in Fig. 7. Additionally, students that had a stronger
pro-environmental identity also reported greener behaviours. Green identity was
strongly, positively related to pro-environmental behavior (B = 0.55, SE = 0.08, t =
6.54, p < 0.001).

The relationship between noticing visual and conceptual environmental features
on green attitudes, behaviors, and identity in green residences: Students living in
green residences reported noticing conceptual and visual design features. The pro-
portion of people who noticed these features in green residences is shown in Fig. 8.
Students in green residences noticed green roofs, recycling bins, and thermostats the
least frequently. They noticed insulation, solar roof, and light sensorsmost frequently

In green residences, noticing visual green design features (B = 1.64, SE = 0.79,
t = 2.79, p = 0.04), but not conceptual design features (B = 0.18, SE = 0.96,
t = 2.79, p = 0.85) were associated with significantly more pro-environmental

Table 1 Statistical tests for
the effect of living in
pro-environmental
dormitories

Difference (SD) t statistic p

Environmentally
responsible
behavior

−3.03 (1.49) −2.04 0.04

Pro-environmental
identity

−3.73 (1.38) −2.72 0.008

Pro-environmental
attitude

−0.40 (0.80) −0.50 0.62

More
pro-environmental
since joining

0.55 (0.22) 2.55 0.01

Fig. 7 Mean reported green behaviors in conventional and green student residences



Green Design, Identity or Both? Factors … 571

Fig. 8 Proportion of respondents noticing inside eco-friendly design features to total number of
respondents in green residences. *indicates conceptual design features

behaviors. There was no significant relationship between green design features
and pro-environmental identity or attitudes. Green design features explained 6%
of environmentally responsible behaviors (F(2, 69) = 3.39; p = 0.10), 0.6% of pro-
environmental identity (F(2, 69) = 0.23 p = 0.80), and 0.2% of pro-environmental
attitudes (F(2, 69) = 0.23 p = 0.90).

Length of stay at green residences and pro-environmental behaviour, attitudes,
and identity and noticing green design features: Only pro-environmental identity
was significantly, and positively related to length of stay at the green residence
(B = 1.54, SE = 0.67, t = 2.29, p = 0.03). Behaviours were not
significantly related to length of stay at the green residence (B = −0.77,
SE = 0.74, t = −1.04, p = 0.3). Neither were pro-environmental attitudes
(B = −0.23, SE = 0.41, t = −0.57, p = 0.57) related to length of stay at the
green residence.

Students did not noticemore green design featureswith a longer stay in the student
residence. Noticing neither visual (B = −0.001, SE = 0.11, t = − 0.01, p = 0.99),
nor conceptual (B = 0.13, SE = 0.09, t = −1.51, p = 0.13), green design features
were significantly related to length of stay in the residence.

Results summary: To summarize we found that students from green resi-
dences reported a lower frequency of green behaviors and lower levels of pro-
environmental identity. At the same time, they reported that they have become more
pro-environmental since joining. This is especially surprising, since visual design
features were found to increase the number of pro-environmental behaviors in green
dormitories.We also found that students that stayed longer in the green residences had
a stronger green identification, but did not notice more green design features, report
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more environmentally responsible behaviors, or have stronger pro-environmental
attitudes than students that arrived at the dormitory more recently.

7 Study Limitations

The main limitations of the present study were the small sampling size and limited
number of surveyed student residences.

A second limitation was that we measured reported pro-environmental behaviors,
mostly related to everyday habitual, behaviors, which are known to have different
mechanisms then conscious, and planned behavior (Steg and Vlek 2009). It may
be that the standards of ecological behaviors are higher at green residences or that
the students there engage in other green behaviors that were not included in the
questionnaire.

8 Conclusions

Summary of research findings considering moral licensing theory: The aim of the
research was to establish how student pro-environmental behaviors, identities, and
beliefs are related in green and regular residences.We found that in all residences pro-
environmental identity was strong, and it was positively related to pro-environmental
behaviors. Moreover, in green dormitories, noticing visual green building features,
but not conceptual features were associated with significantly more green behav-
iors. Conceptual features did not influence the behaviors, however some of them
were in the group of mostly noticeable (e.g. insulation). Surprisingly though, liv-
ing in an eco-friendly dormitory was associated with significantly decreased pro-
environmental identity and less pro-environmental behaviours compared to living in
regular dormitories. Despite this students in green dormitories reported becoming
more pro-environmental since moving into the building. Although it seems like a
paradox it can be possibly explained with moral licensing phenomenon. As indi-
cated by Sachdeva et al. (2009), affirming moral identity (in this case living in green
student residence) leads to immoral actions (lack of pro-environmental behaviors).

Comparison to previous research: In context of visibility of green building features
the results show similarities to results obtain by Mitchell (2006). When comparing
residents of green and conventional buildings, as in study of Lynam (2007) students
in conventional buildings reported higher environmental attitude than in green res-
idences. Our conclusions are coherent with Wilkinson et al. (2014). Their research
was performed in non-university settings, but they also examine the relation between
green buildings and beliefs, identity and behavior of occupants. The results were
ambiguous but led to conclusion that green design alone can’t improve behaviours.

Implications for the design of green-buildings: The results of our research are
bitter-sweet. Visibility of green building features are positively related to pro-
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environmental behaviors, but living in a green building has a dominant, negative
effect on both—behaviors and identity. Is building green dormitories detrimental
to green efforts? In terms of energy and water consumption three analyzed student
residences consume significantly less resources than conventional residences. Even
if some of environmentally-related behaviors are worse, when evaluating the whole
consumption, green student residences are still far more efficient than conventional
ones.

On the other hand, the positive or negative impact of green buildings can be evalu-
ated on many dimensions. The signal that pro-environmental architecture may act as
a psychological excuse to behave in a non-environmentally friendly way is alarming
and needs further investigation. As, Janda (2011) indicated in her paper “Buildings
don’t use energy, people do” at the end of the day it is not about the buildings but
more about the people and actions they undertake. If we focus on people, instead
of buildings, how could we avoid moral licensing? The first possibility is that green
buildings shouldn’t be advertised as green or green building features shouldn’t be
visible. Architects and investors should focus on achieving pro-environmental goals,
but without describing them to the public as something extraordinary. This, how-
ever, questions the idea of building certification systems, and is unlikely to happen,
especially when proved that people are willing to pay more for LEED or BREEAM
certified property (Eichholtz et al. 2010; Fuerst and McAllister 2011). The second
possibility, or rather a long-term strategy, is to make green buildings a standard. It
sounds obvious but should be underlined because it is a strategy that is already being
implemented. For example, building regulations standard in EU constantly upgrades
building energy standards. Moral licensing appears when a person feels entitled to
do something immoral because he perceived to had done something moral before.
If living in a green building was a standard, the behavioral scheme might not be
activated.

Implications for future research: Green buildings usually have been found to have
a positive impact on reducing energy and water usage. In line with these findings,
our research provides evidence that visual green building features, when noticed,
positively influences inhabitants’ pro-environmental behaviors. Contrary to this, our
research suggests that green building certification or advertising underlining ‘green
profile’ of the building might have an opposite effect. Further research is needed
to (a) re-examine the effect of moral licencing on pro-environmental behaviours
in both academic residences and in other buildings (b) examine if the observed
moral licensing effect persists in academic residences where students can select
their preferred residence based on its green profile instead of being administratively
assigned to them.
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Sustainability in University Campuses:
The Way Forward

Walter Leal Filho

Abstract This short, final chapter, summarises the state of the art and outlines some
of the areas where improvements in respect of the promotion of sustainability on
campuses are needed.

Keywords Sustainability · Campuses · Innovation · Synergies · Resources

1 Introduction

There have been many previous works which have reported on and documented the
diversity of approaches and strategies being deployed, in order to foster the cause of
sustainability on campuses (e.g. Leal Filho et al. 2015b; Washington-Ottombre et al.
2018; Leal Filho et al. 2018). In addition, there are various organisations devoted to
the development of this field. Some of them are:

• The International Sustainable Campus Network (ISCN): which supports colleges,
universities, and corporate campuses in achieving sustainable campus operations
and integrating sustainability in research and teaching.

• Nordic Sustainable Campus Network: with a focus on the Nordic countries.
• The Campus Greening programme in the United States, promotes sustainability
initiatives on campus.

• Association for the Advancement of Sustainability in Higher Education: fosters
sustainability among community colleges and universities across the United States
and Canada.

• The Sustainability Campus Network (UNESCO): initiative draws together fifteen
universities interested to cooperation on campus initiatives.
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• rootAbiliy: it supports and inspires students to make their universities more
sustainable, resilient and fair, by designing, advocating and running student-led
and staff-supported sustainability hubs.

These initiatives, and many others, have been instrumental in supporting campus
greening efforts and in making campus activities more sustainable.

As documented on a volume produced by Leal Filho et al. (2015a), the need to
integrate the principles and concepts of green campuses and sustainability into the
core of students’ educational experiences, from high school to college or university,
has now been broadly recognized. By doing so, we can ensure that the students of
today and tomorrow will acquire the knowledge, skills, attitudes and values needed
to create a more sustainable economy and social environment.

A concept which has been gaining weight over the past years is the idea of “living
labs for sustainable development”, whichmay provide a solid platform for the testing
and implementation of different types of innovation. A work produced by Leal Filho
et al. (2017) presents a set of three case studies, which present different approaches to
university-initiated Living Labs for sustainable development from across the world,
each illustrative of a different type of innovation, in a dissimilar context, with diverse
actors, and with a variety of impacts and challenges.

Furthermore, a publication produced as an output of the 4thWorld Symposium on
Sustainable Development at Universities (WSSD-U-2018) held in Penang, Malaysia
on 28th–30th August 2018, and whose title “Universities as Living Labs for Sustain-
able Development: Supporting the Implementation of the Sustainable Development
Goals” (Leal Filho et al. 2019) documents a variety of initiatives from various coun-
tries.

More recently, the European School of Sustainability Science and Research
(ESSSR) has engaged on a variety of capacity-building events, some of which focus-
ing on campus greening and operations (ESSSR 2019).

2 Some of the Problems in Promoting Sustainable
Campuses

But despite the value of campus greening initiatives, there are still some factorswhich
have been hindering progress in their implementation and dissemination. This is so
for various reasons. Table 1 provides an overview of the some of them.

A further problem worthy mentioning, is a lack of coherence between the opera-
tions of universities, the many services they offer to students, and the willingness to
engage on sustainability efforts. For instance, a university may be engaged on efforts
to reduce energy use and promote energy efficiency, but produces vast amounts of
food waste. This type of discrepancy is often found, and is counter-productive to
efforts to promote holistic campus greening.

These problems unfortunately act as limiting factors, since they have been pre-
venting universities from using their campuses as tools towards strengthening their
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Table 1 Some of the factors limiting the impact of campus greening initiatives

Factor Impacts

Lack of coherent programmes Initiatives take place on an ad hoc basis

Limited funding No specific financial basis to support campus greening
efforts

Absence of training schemes Limited skills building in the area of campus greening

Limited infra-structure Few opportunities to practice sustainability (e.g. no
recycling containers or paper collection for re-use)

Lack of measurements Little opportunity to assess the benefits from campus
initiatives

Lack of documentation and
dissemination of good initiatives

Campus greening initiatives and their benefits are not
suitably documented for further dissemination, meaning
they may not be visible within the institution

efforts to achieve sustainability and through the facilitation of interaction between
international stakeholders.

3 Conclusions

Bearing in mind that much progress has on the one hand been achieved in respect of
the implementation of sustainability initiatives on campuses, but also that there are
still many needs to be met on the other, it is relevant to list some areas where action
is still needed. Some of them are:

(a) The set-up of an infra-structure to coordinate sustainability-related activities on
campuses, by means of a sustainability unit or via a green office. It is a matter of
fact that many of the measures which are related to resource efficiency and use,
are coordinated by the Estate Departments of universities, and hence decoupled
from broader sustainability efforts. A formal structure could be helpful in con-
solidating individual initiatives, could maximise the synergies among them and
lead to a more efficient use of financial and human resources.

(b) A greater integration of individual initiatives on campuses (e.g. energy conser-
vation, waste management) which are largely undertaken on an ad hoc basis
today, by different departments/units within universities, so that their impact
can be maximised. Here, again, a green office could help.

(c) Since efforts related to sustainability on campuses are long-term, much could
be gained by implementing monitoring mechanisms to ascertain and document
progress over a given period of time. This may take place, for instance, by
means of periodical (e.g. bi-annual, annual) reports, where the evolution of the
work and the impact of the measures undertaken could be documented, and
cross-checked against what was achieved earlier.
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(d) Improved communication within the Campus about on-going and future activi-
ties could also support their implementation, raising awareness about the work
taking place, and by possibly fostering new initiatives.

(e) Due to the wide thematic spectrum and scope of sustainability initiatives on
campuses, the integration of such initiatives in teaching programmes can be
regarded as a “low hanging fruit”. A linkage between teaching and curricular
contents with practical works on campuses (e.g. surveys with students/staff,
collection and processing of data, field observations) could be beneficial to
many students, and make the learning process more interesting.

Overall, a university or college campus offers ample opportunity for research
projects, which they may use it as a living lab. Even at the micro level (e.g. at depart-
ments), small initiatives can make a big difference. It is true that the implementation
of campus greening activities does require some careful considerations and some
planning, but the many positive results they yield suggest that it is a worthy effort.
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