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Abstract: To what extent can transformation and development processes on a university or other
campus fit in with the principles of circularity? This paper builds a bridge between the more
theoretical approach of the circular economy and daily practice in campus development, using
semi-structured in-depth interviews with a broad range of stakeholders in university management
in Dutch universities. The study aims to show possible perspectives and offers insight into which
factors are important for the sustainable development of a university or other campus, taking into
account the principles of the circular economy. The paper introduces a framework for
understanding the various dimensions and scales of campus operations. The aim is to make a
practical contribution to the implementation of circular principles in campus development. The
main conclusions are that circularity is an organisational issue, complexity must be reduced, and
integral policy and specialised knowledge are required. Five recommendations towards an
integrated strategy for circularity in campus development are given.
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1. Introduction

The circular economy is a new field of research and the number of articles has grown rapidly
over the past 10 years. These have usually involved establishing a close link between the concepts of
the circular economy and sustainability, without this relationship being precisely defined in
scientific terms [1]. While energy efficiency issues in the construction sector have been extensively
researched, circularity remains a relatively new issue [2]. No clear definitions of the concept of 'the
circular economy' are used in science and literature [3]. Various studies [2,4-6] have shown that
circularity is a complex subject with many facets. Scientific studies on the circular economy often
focus on the macro scale of a region or city, or on the micro scale of product development [6,7] and
individual projects with an experimental character or limited circularity aspects [8].

1.1. Objective

To date, there has been no systematic application of circular principles in Dutch campus
development. Construction, development and redevelopment projects usually focus on limited
aspects of circularity and are separate from each other. In the area of sustainable development of the
physical campus, there is a need for the elaboration of practice-oriented strategies for an integrated
approach. This study establishes a connection between the subjects of a campus environment, area
development and the circular economy. The central research question in the research is: To what
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extent and in what way are principles of the circular economy applied in the area development of
(university) campuses in the transformation to a sustainable campus? By looking beyond the
boundaries of a single building, structural links and a systematic approach are sought within the
campus area. For this study, the Dutch university campuses are studied. The complexity and
breadth of the concept of the circular economy pose a major challenge for organisations in terms of
structurally applying circularity in existing processes. This paper introduces a framework for
understanding the various dimensions and scales of campus operations. It shows which dimensions
in the area development of university and other campuses influence the application of circular
principles in the transformation to a sustainable campus. In this respect, the study provides insight
into:

e  How the principles of circularity can be systematically applied in practice in area (and other)
development and transformation of a campus;

e  what conditions must be met to develop/redevelop a university campus in accordance with the
principles of the circular economy.

1.2. Method

The application of circular principles is being researched on university campuses in the
Netherlands, with a focus on real estate and area development processes, as opposed to facility
processes. The paper develops a framework from theory. It validates to what extent the framework
works in practice. As such it is not a qualitative study, nor is it grounded in theory. It develops a
framework for future research. In the first stage, a literature review is based on scientific literature
and practice-based research on the circular economy and campus development to answer research
questions. The preliminary research was aimed at finding leading dimensions in campus
development that are characteristic of a campus and that influence circularity. These studies have
revealed a number of principles that are relevant for campus systems to meet the requirements of
circularity. The principles have been filtered according to their significance for the spatial sector and
possible applications in campus development.

In terms of area development, the campus can be regarded as a defined system, of which
buildings are a part. The system perspective is again seen as an important aspect in the approach to
circularity. The aim is to be able to identify structures and processes within the 'campus' system that
influence the application of circular principles. The complex relationships between flows and levels
of scale, criteria for circularity, development processes and relevant actors are investigated in order
to identify the mutual influence. The following factors were related in an analysis matrix (Table S1)
with the aim to discover which processes influence circularity and to make possible patterns visible:
principles of circularity such as minimizing raw material consumption and waste; value
preservation of raw materials, high quality reuse material/product, use of renewable energy sources,
minimizing CO2 emissions and toxic substances, climate adaptability, biodiversity and social
balance; related to the production process, product design, material selection, disposal process,
construction process and assembly, transport and distribution, system design, development
process, demand specification, product choice, management process and user behaviour and policy.
In the first step of the analysis, the different spatial scales, flows of resources and principles of
circularity were linked to development processes which influence the circular principles. To make
patterns transparent, three categories were applied in the matrix fields for the different groups of
actors and processes, based on the division of [9]:

e  The creation process—with the producer, supplier and builder/contractor;
e  The design process—with the architect, designer and consultant;
e  The development process, management and use—with client, owner, user and manager.

A more in-depth analysis in the following step also includes more detailed criteria and
indicators for circularity such as footprint, efficient land use, building flexibility (multifunctional),
dismountable constructions, modular buildings, energy performance, policy reuse, environmental
performance and origin of materials and information management, in order to investigate the
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relationship between the process and circularity principle. By naming these criteria and indicators
per flow and per scale level, it is clarified which factors in the process can have an impact. By means
of a theoretical analysis, stakeholders such as producers or clients, who exert a special degree of
influence on circularity in specific processes, come into the picture. To test the theoretical concepts
found earlier in an analytical way, the assumptions derived from the analysis were translated into
interview questions. The 13 interviews with various stakeholder groups are used as a means to see
how the principles work and whether the problems and conclusions from the theoretical research
are also valid in practice.

During the interviews, it was investigated how sustainability aspects and circularity are
implemented in the campus developments. The questions focus on the scale level of a specific
project, vision and policy, development processes, instruments used and actors involved. Questions
were asked about objectives and factors relevant to circularity, to what extent specific criteria are
consistently applied in projects with a circular approach, which aspects are missing and why certain
factors are not taken into account. The question of where obstacles are experienced in the application
of circular principles in campus development was also asked. The interviews were conducted with
employees involved in sustainability, procurement and area development at six Dutch universities.

The Netherlands has 13 universities, about half of which are involved in technological research.
A representative selection of these universities has been approached. On the campuses, subprojects
were investigated, where within the scope of project development, attention was paid in various
ways to a possible circular approach with a spread of aspects and factors. Each subproject has a
different focus with respect to the development phase, scale and development task.

Given the broad problem definition, the research has an exploratory character. The insights
from the theoretical research and the interviews have been translated into a more generic approach
and relevant process steps for the structural application of circular principles. The steps which must
be taken to systematically apply circularity in campus development and to be able to guarantee it for
future developments have been mapped out by means of a framework. The framework provides a
structure and overview to apply the principles of circularity in a systematic way. The process of how
to integrate the various dimensions and area scale levels is an important aspect of the new
knowledge this article delivers.

2. Building Blocks for a Circular Approach

2.1. Evolution of the Concept of the Circular Economy

The idea of circularity is essentially not new and until the industrial revolution, the economy
was predominantly circular [5]. That there are limits to the extent to which human activity can
deplete the natural environment and that population growth affects the earth's finite resources was
noted by the Club of Rome in its first report [10]. The idea of a circular economy is largely rooted in
the concept of cradle-to-cradle [11]. Drawing from the function principle of ecosystems, this design
philosophy focuses on optimising systems instead of components to minimise the loss of value of
raw materials. The publication ‘“Towards the Circular Economy. Economic and business rationale for
an accelerated transition’ by the Ellen MacArthur Foundation [12] is in line with the cradle-to-cradle
concept and is considered one of the founders of the circular economy.

There is no unequivocal definition of the term 'circular economy' [3]. There is a close link
between the concepts of the circular economy and sustainability [13], but this relationship is not
precisely defined in scientific terms [14]. Circularity is seen in some concepts as a prerequisite for
sustainability [1]. According to the analysis of Kirchherr et al. [3], the 'Circular Economy' is an
economic system based on business models that replace the concept of 'end-of-life’ with reducing,
reusing and recovering raw materials in production, distribution and consumption processes, by
operating at different levels of scale and with the aim of achieving sustainable development for
present and future generations. Often a link can be found with the three pillars of sustainability:
economy, environment and society [6,14].
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The circular economy pertains to the careful and sustainable use of existing resources. The
principle of cyclical material cycles and their closure remains an important aspect in the different
definitions and concepts of the circular economy [15]. In their conclusions, Kirchherr et al. [3]
stressed that the circular economy should be seen as a fundamental systemic change. Pauliuk [16]
and Preston [17] also referred to the theoretical background of systems theory [18] and the
relationship with Industrial Ecology. By involving all stages of life in development and by using
products, components and materials within the cycles on a permanent basis, the linear economy
becomes a circular economy [8].

2.2. The Circular Economy in the Spatial Sector

The spatial sector plays an important role in the circular economy in view of the large flows of
raw materials involved. Area development concerns the physical adaptation of a specific location
and always takes place in a specific socio-economic context, but transformations within the area also
have effects on the external environment and vice versa. The aim of area development is to create
'integral environmental quality’ [19]. There is a direct link between the quality of the living
environment and sustainability in terms of environmental quality, health issues and social values on
the one hand and the future value of spatial quality on the other. In addition to site-specific
elements, flows such as water, energy and mobility form part of area development. Wientjes [20]
concludes that spatial planning does play a role in making a region circular. Too often the emphasis
of the circular economy is on business (and other) processes and the initiative is generally left to
companies and citizens, without making a link with the function that spatial planning has in
achieving sustainability. To make the circular economy a guiding principle, spatial plans must have
a circular approach from the initial phase, otherwise little usually remains of the sustainability
ambitions [20].

The circular economy goes beyond recycling and, in order to achieve maximum environmental
benefits, strategies that involve the entire production and consumption chain are preferable [21]. In
order to achieve maximum economic and ecological effects based on circular principles, sometimes
more radical changes and innovations to existing systems are needed. This requires a new way of
thinking about designing products and services, adapting production methods, but also concerns
procurement processes [8].

In the search for possibilities to make ever-growing cities more sustainable, in recent years,
increasing attention has been paid to the concept of 'urban metabolism’ [22,23]. The totality of urban
flows such as energy, food or waste is considered as a metabolic process of the city organism [24].
Urban metabolism can be defined as "the sum total of technical and socio-economic processes
occurring in cities" [22]. It not only relates to internal transformation processes within the urban
system itself (the organism), but also to the balance of the inflow and outflow, the exchange with the
environment. With a view to sustainable urban development, Tjallingii [25] formulated the Ecopolis
strategy: The city is seen as a dynamic and complex ecosystem which consists of a number of smaller
ecosystems on the one hand and is itself part of a larger ecosystem on the other hand. Plan
development not only concerns the quality of a specific area, but also the inflow and outflow of the
system and the quality of the environment outside those areas. Because the management of flows
depends on the actors involved, but the flows also influence the design of areas and vice versa, these
three areas of attention cannot be seen in isolation [24].

The application of circular principles in the spatial sector is more complex than in product
development. Indicators of circularity usually relate to different levels: The micro level of
construction (and other) products, the meso level at the local scale with neighbourhoods and the
macro level of cities, regions or the whole country [16]. In the built environment, each material has
its own specific life cycle and is part of different processes and changing uses over its lifetime [6].
The transition to a circular economy in the spatial sector therefore requires different perspectives of
scale and a broader view of the dimensions in research and planning.

2.3. Circular Construction Production
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The demand for materials is high: Around 50% of the raw materials used in the Netherlands are
processed in the construction sector [26]. However, the scarcity of materials is seldom a motive for
the circular economy in construction [27]. With around 40% of all waste in the Netherlands, the
sector is responsible for large waste flows and around 35% of CO: emissions [26]. In the
Netherlands, more than 95% of construction and demolition waste is recycled [28], usually in a
low-grade manner [9]. However, a large proportion of the raw materials leave the chain [9] and there
are no closed cycles. New buildings are hardly ever made with recycled products, only 3% of the
raw materials are used in their original function, so the influx of primary raw materials remains high
[29]. The energy needed to produce building materials usually comes from fossil sources. The carbon
footprint of these materials and the extraction of raw materials for construction lead to pressure on
ecosystems [27].

The spatial sector is characterised by a complex system of different value chains. The transition
to a circular economy within the construction and real estate sector requires optimising this chain
from the source [30]. This not only concerns spatial and technical aspects, but mainly requires
organisational and institutional changes and other processes in the design of the built environment.
There are no new steps at the financial, administrative or organisational level to implement this
structurally [31]. Circular construction starts with the design of a building, but also involves the
associated collaboration and knowledge sharing. A subsequent life cycle of buildings, building
elements, products and materials must be part of the design process [32]. This means that
information must be made available in the long term and the working methods of the chain partners
in the various stages of life must be coordinated. Making this information accessible to the actors
involved plays an important role in this, so that sources can be used locally [33].

Existing instruments for assessing the environmental impact and sustainability aspects (such as
Building Research Establishment Environmental Assessment Method (BREAAM), Life Cycle
Analysis (LCA), ECO Cost) are partly in line with the principles of circularity and can be used as a
basis for better specifying circularity requirements. However, these tools need to be further
developed. These instruments can also be integrated with Building Information Management (BIM)
[27]. 3D models of areas can serve as a framework for linking spatial information to data from a life
cycle analysis or materials passport. In this way, data at different scale levels can be made
transparent and can be related to each other—such as raw material flows at the area level but also
within a building—and policy regarding the various raw material flows can be effectively
coordinated [9].

Circularity not only has a physical side. Stakeholder interests and the way in which the actors
involved make agreements with each other influence the overall process. Van Splunter [9]
distinguishes between three groups of actors: Suppliers and producers influence the use and choice
of raw materials. Designers and construction companies make product choices in the design process
and determine which materials are added in the construction process. Clients, developers, investors
and governments influence the first two groups through their commissioning, tender specifications
and forms of contract, or through legislation.

Recent studies [20,34-36] by Wientjes, Potemans, Van Haagen and Castelein show that there are
also various strategies in the spatial sector that are suitable for circular tendering or contracting.
Pauliuk [16] criticises the fact that the monitoring of the implementation of circular strategies
remains vague for the time being. Clients or organisations are responsible for choosing the right
indicators and each determines their own standard for circularity. Companies are not structurally
involved in circularity and governments, as clients do not take the lead enough to create professional
preconditions and set circularity requirements [27,37]. The available instruments are insufficiently
applied and, on the organisational side, instruments and processes are less developed [2].

2.4. Sustainability Visions in Campus Development

The subject of sustainability has received increasing attention in university research and
educational institutions in recent years [38]. Sustainability aspects are becoming an important topic
in many campus projects. Not only in terms of technical innovation [39], but also in terms of
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influencing behaviour, active sustainability policy on campus plays a special role in society. In the
pursuit of a sustainable society, in the future many of the current students will also influence other
people or organisations outside the campus through their decisions [40].

On the strategic, physical, financial and functional levels, campus management has increasingly
changed into area development in recent years. However, the campus should not only be seen as a
city, but also jointly with the city [41-43]. In terms of new strategies for sustainability, the campus
offers itself as an ideal testing ground for the development and implementation of social and
technological innovation, enabling universities to expand their innovation potential both inside and
outside the campus walls [44]. The tasks of campus management have become increasingly complex
over the years; changing structures in funding and rapidly changing themes in research require
increasingly flexible housing [45], but university organisations structurally lack the money to invest
in the development of their campuses [42]. Economical use of square metres contributes to
sustainability goals and reduces the risk of future vacancy. Reducing the ecological footprint is also a
strategic choice [46], but policy for more intensive use of space instead of building more calls for a
different way of thinking. This requires sharing and multifunctional use of space on the campus and
meeting peak demand through the use of temporary facilities. Relating the use of space to activities
instead of allocating space to regular individual users can be a solution for making more efficient use
of the available square metres [45].

More and more universities see a 'green campus' and achieving environmental objectives, such
as reducing CO: emissions or limiting the ecological footprint, as important goals within campus
management. Existing buildings are used in different ways [42]. Various European universities have
now set up Green Offices or appointed a sustainability programme manager as a point of contact
with expertise in the field of sustainability [40]. However, Avila et al. [44] pointed out that changes
in the organisation of a university are not easy. Previous research [38] has shown that sustainability
objectives in campus policy in general are too fragmented and are not systematically integrated and
coordinated within the organisation. Despite the increasing urgency to consider sustainable
development as part of their activities, many university organisations remain reluctant in reviewing
their own business models. In particular, the investments required are often regarded as a barrier,
while the benefits in terms of both environmental and economic performance are not sufficiently
recognised [44]. The lack of support from university management and willingness among policy
makers prove to be among the main obstacles [44].

2.5. Knowledge Gap

Global population growth (The global population has quadrupled in the last 100 years and will
cross the nine billion mark by 2050) [47] and increasing prosperity are leading to an increasing
demand for raw materials worldwide [48]. The circular economy is seen as an economic system that
strives to use resources in a smart way and to preserve their value as much as possible. Sustainable
structuring of the built environment and limiting our ecological footprint are becoming increasingly
important to enable us to live a prosperous life on a healthy planet in the future. The spatial sector
can contribute to reducing ecological footprints, but the circular economy requires an integrated
approach that goes beyond the level of a building. Spatial projects are characterised by a high degree
of complexity. By making connections between the various spatial scale levels, this study is looking
for a system at a higher abstraction level for a structural circular approach in area development.

From the literature review, it is concluded that a gap exists in circularity in campus
development. Universities and other educational institutions recognise the societal importance of
sustainability issues and are increasingly focusing on them in their education and research
programmes. This is often independent of the objectives for the development of their own campus
[40,44]. Previous research shows that universities around the world, in different geographical
regions, encounter similar obstacles to sustainable innovation on campus [44]. So far, few projects
have been realised in campus or area development in which circularity is a determining factor. There
is no systematic overview available of implementation strategies for the principles of a circular
economy in area development or campus development. A framework that shows the connections
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between different dimensions and scale levels in the campus area is needed to provide CE
implementation in campus development.

3. Circularity Strategies

3.1. Systems Thinking and Life Cycles

Systems thinking [16], synergy effects and closing cycles [15] involving the various life cycles in
the area are important approaches to be able to apply the principles of circularity in area
development processes. Since the 1950s, increasing interdependence in the world has led to new
academic trends around complexity theories and systems thinking. It is recognised that new
technologies alone will not solve our major sustainability issues. In systemic innovation, the social
context changes simultaneously with the development of new knowledge and technology, and new
ways of thinking, organising and acting arise in the context of the innovation [49]. Each system has a
boundary and is characterised by a structure and a process, but also by the interaction between the
system and the environment, the input and output. Systems thinking looks at both the bigger picture
and the individual components [50]. In order to achieve synergistic effects, it is relevant to
understand how components influence each other within the framework of the whole [12].
Involving the various life phases or life cycles and closing raw material chains are central strategies
of the circular economy based on the principle of keeping a raw material in a cycle as long as
possible, thereby limiting the loss of its value [5].

Whereas the initiatory and development phases of area development processes [51] (Figure 1)
primarily involve intangible factors, such as policy and decision-making, more physical aspects,
such as raw material flows, play a role during the implementation, use and management phases. At
the end of a usage phase, it can be decided to redevelop and transform or reuse an area or building
as a whole. This involves the process being restarted from the initiatory phase onwards [51]. Such
choices affect the flows of raw materials and the input and output of the system. At the end of the life
phase, these are extracted from the system, added as recycled materials or reused as building
components.

SYSTEM

)

after

PROCES

time
before

‘ SYSTEM ml
PROCES

()

Figure 1. (a) System thinking; (b) life cycles in area and real estate development.

3.2. Dimensions in Campus Development

Circularity in campus development can be viewed from different angles. The campus is
understood as a 'system' and seen as a suitable testing ground for the application of circular
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principles. By looking beyond the boundaries of a building and involving resources and flows at the
area level, the extent to which transformation and development processes on the campus are in line
with the principles of circularity can be mapped out. Campus development is regarded as a specific
organisational form in area development. According to the Glaser, Karssenberg, Laven, Teeffelen
and Hoff [52] model, area development is determined by three categories: use (software), built
environment (hardware) and management (orgware). The urban metabolism establishes a close link
between the quality of a specific area and the inflow and outflow of the system. According to
Tjallingii [25], the management of flows depends on the actors involved, and the three elements
'areas’, 'flows' and 'actors' cannot be seen in isolation [24]. A research model has been developed to
analyse the applicability of the principles of circularity in the campus system, based on the different
dimensions of campus development. The four dimensions of 'organisation’, 'use & function', 'spatial
scale levels' and 'flows & materials' were used (Figure 2) for the theoretical analysis.

hardware =
\ spatial concept

Figure 2. Research model with campus development as a system (own figure, based on various
models from urban metabolism and area development).

Area development involves complex processes with a wide variety of stakeholders and actors.
Area development processes are influenced by power relations, interaction and cooperation between
the various actors [51]. Relationships between parties and actors are not only technological in nature,
but also have a social character and are part of a complex network [2]. Ideally, an integrated area
vision or real estate strategy should cover all phases and cycles of life. In the various life phases,
different actors are again involved, which influence each other mutually through their decisions and
actions (Figures 1 and 3). There is a complex network of parties and stakeholders involved in each
phase of the development process. These have different goals and interests and each have their own
strategies. Decision-making processes in networks are characterised by a system of mutual
dependence and interdependence between the various actors [53]. Network management is a
strategic tool to structure a complex field of action. The ability to link the various factors and
elements is an influential factor for the success and task of process management [51,54]. The starting
point is the interactions between parties, not the objectives of the individual actors [55]. Instead of a
desire to achieve predefined results, adaptive capacity is the main requirement for managing the
process [56,57].
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Dimension organisation & process
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Figure 3. Dimension organisation & process: (a) Organisational structure and development
processes: Campus organizations are usually hierarchically structured line organizations with
different layers: The strategic level, which focuses on setting strategic goals and policies, the tactical
level with the task of setting up processes and steering the realization of goals and the operational
level, responsible for the execution of goals. (b) Actors: Within the organisation, different



Sustainability 2019, 11, 627 10 of 20

departments or sometimes external parties are involved in the different processes within the campus
development for each life cycle phase.

Area development manifests itself through spatial changes in different areas, which are
mutually correlated and are part of a city or region [51]. Apart from housing a university
organisation, a campus also has a physical side. The spatial dimension is characterised by different
levels of scale, which cannot be seen separately from one another. The spatial scale levels are often
related to different functions such as the campus as a whole being a carrier for transport and
underground infrastructure. In his approach, Brand [58] distinguished six different layers of a
building, with a different life cycle each time for the area, the outer structure, the shell, the
installation, the interior space and the layout. The separation of the various layers concerns not only
the physical and technical components, but also the functional and economic interests and
responsibilities [59]. By relating flows on campus to levels of scale and presenting them in cohesion,
insights are sought for how chains can be closed (Figure 4-6). In some cases, local factors play an
important role when it comes to closing cycles, while in other situations, optimisation can only be
achieved on a larger scale [33].

ALL FLOWS per scale level

2

raw material

g energy
2
Q
1]
(&)
(7,]
a 1d use
o traffic
(11

Figure 4. Relationship between all flows and one level of scale in the area.

In the theoretical framework, models from the area development are involved in order to be
able to interpret circular principles in campus development. The research model (Figure 2)
establishes connections between the different dimensions. The complex relationships between flows
and levels of scale, principles of circularity, development processes and relevant actors are mapped
out. The comparative analysis forms a theoretical approach to filtering factors and makes patterns
visible: per scale level, different processes in campus development have an impact on the application
of circular principles. The parties involved, such as the client, user, developer, manager, designer,
contractor or producer, each have a different degree of influence by the choices they can make,
depending on their role and the phase in the process (life cycle).

Depending on the scale level in the area, the strategies in the policy and system choices in the
development process are decisive, or the choices of a producer in the production process of building
materials have more influence on the degree of circularity. In order to apply circularity principles
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consistently, the different levels, phases and factors must be systematically linked to and weighed

against each other for the whole life cycle.

in-flow
2 drinking water

T rainwater
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T groupdWater
9 surface water

1]

U <

w cooling water

©

Q
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©
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ORGANISATION
out-flow process
waste water production process
waste water construction/

demolition

waste water food preparation

grey water sanitation
clean-up

warm water primary process

research / education

g Wa ste water sewage system
warmth (energy)

surface water ‘water management

Figure 5. Example water—relationship between scale level of area, water flow and organisation

(process).

Making the structures and connections transparent is an important condition in this respect.
This applies not only to the construction chain, but the various actors within a campus organisation
must also be involved. Intangible factors and processes at the organisational level, such as tendering
policy and design choices, have a major influence on the applicability of circular principles.
Requirements and criteria must be systematically specified and consistently applied in all
development processes, especially at each level of scale and life phase, in order to achieve circularity

in the spatial sector.
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per flow

between area scale levels
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interaction / synergy flows
integral in the area



Sustainability 2019, 11, 627 12 of 20

Figure 6. Closing cycles in relation to flows and scale areas: Cycles can be closed per flow or per scale
level, but circularity can also be achieved between the different scale levels. In addition, an
interaction can occur between different streams, per scale level or integrally in the area.

3.3. Practical Explorations on Campus

The subject of circularity is on the universities’ agendas. The theoretical framework was verified
and validated in 13 interviews with various stakeholder groups. Based on the theoretical analysis,
interview questions were formulated to investigate how the circularity aspect is interpreted within
the framework of the campus developments. The interviews were conducted among employees
involved in sustainability, procurement and area development at six Dutch universities. Topics
included circularity, sustainability and the four dimensions of campus development.

The first series of interviews with developers as a specific group of stakeholders led to new
insights. These insights were used in the second series of interviews with different types of
stakeholders. The second series of interviews was more broadly focused on achieving sustainability
objectives, circular approach and policy on campus and was conducted with sustainability
programme managers and procurement and external advisors. Questions asked are like: To what
extent does sustainability or circularity play a role on the campus (vision) or in the specific project?
What then is the focus —such as materials and flows, system choices, reuse? Where does the question
of circularity come from —own initiative/ management/ designer/ or? Where is the biggest challenge
concerning circular projects? What are the issues? The questions were formulated and the interviews
held in Dutch language. The original questionnaire can be found as an appendix (Figure S1).

The result is that circularity is mainly seen as a means to achieve sustainability objectives.
However, in campus development, circularity is experienced as a complex theme. There is no
common thread to translate the sustainability objectives into concrete requirements at the tactical
and operational level. The ambitions differ; initiatives arise mainly at the project level and are
supported by individuals. Because organisations are unable to define their sustainability ambitions
and set priorities in terms of circularity, it is difficult for project managers to translate the objectives
into concrete requirements. Despite the formulated sustainability ambitions, principles of circularity
are not structurally applied by Dutch universities. There is no common thread in the complex
subject: The policy for internal organisational processes is insufficiently coordinated by the various
departments. No integral strategy is formulated for circularity. The aim is to retain existing policy
frameworks, processes and instruments without investigating whether it is useful to maintain them.
No conscious links are made between development projects at the area level; circular objectives
focus mainly on the building level, energy or waste flows.

4. Results

4.1. Framework for a Circular Campus: Systems Thinking as a Starting Point

The research results confirm the need for more integrated policies for the various departments
and processes in order to achieve circular objectives. The insights from the theoretical research and
interviews have been translated into a more generic approach to campus development. It is
remarkable that concepts for circularity focus mainly on technological questions. In order to be able
to close cycles and use synergy effects, the various scales and layers within the (campus)
organisation are just as important for circular area development. In a complex network with many
actors, divergent interests and specialization of processes, the concept of circularity requires system
thinking and network management. Making connections between the various spatial scales is
another important aspect. Intangible factors and processes at the organisational level, such as
procurement policy and design choices, also have a major influence on the applicability of circular
principles. Circular economy in area development concerns a cultural change that cannot be
achieved by systematically rolling out objectives from above.

The 'circular campus framework' shows the relevant process steps in order to apply the
principles of circularity in a systematic way. By making the coherence transparent, the framework
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brings structure to a complex theme and offers the possibility to get a grip on the subject based on
the four dimensions. The integration of the dimensions of organisation, spatial scale levels, flows
and use is an important aspect of this. The research shows that these dimensions are closely
interrelated and influence each other. Going through a linear step-by-step plan with a start and an
end point seems insufficient to achieve the intended results. In the conceptual model, systems
thinking is used as an essential approach to circularity and the campus is considered to be a system.
The different dimensions affect this system and therefore also the application of circular principles.
This makes systems thinking the logical starting point for the implementation of circular principles
on campus.

The complexity and breadth of the concept of 'the circular economy' presents a major challenge
for organisations to apply circular principles systematically as well, even though different methods
and tools are available. Complexity occurs when a large number of actors or factors influence each

1

complexity can actually offer new perspectives. An overly sharp problem delineation in a process
can then be dysfunctional, because the different actors have different perceptions of the problem. By
formulating a problem broadly, different parties can contribute their interests [53,61-64].

Strategic innovation in the field of circularity requires continuous interaction in a complex
network of internal and external actors. Changes take place at several points simultaneously in an
iterative process, in which all relevant stakeholders must be involved. Depending on the
perspective, there are different aspects and measures that influence each other. The dialogue
between the parties concerned remains essential. By exchanging knowledge about issues and
exploring new possibilities, the policy, work processes and responsibilities of departments are
gradually developed.

4.2. Integral Policy at Strategic Level

On the one hand, the framework moves in the field of tension between integral policy at the
strategic level (Figure 7) and, on the other hand, in translating objectives and making criteria specific
at the tactical and operational level. Coordination of integral policy in the area of circularity is
essential in order to prevent each department from formulating its own partial policy which is not
consistent with the others'. Involving all departments in the development process and throughout
the life cycle can create a consistent approach to circularity. This concerns the process side in the
same way as the physical dimensions. Policy choices of the various departments affect the
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Figure 7. Field of tension between integral policy and making criteria specific for the tactical and
operational level.

dimensions in different ways and need to be constantly adjusted in a dynamic process. A strategy
for circular campus development must safeguard this coherence. The framework shows the mutual

dependencies in a network system with different nodes (Figure 8). This not only concerns
internal stakeholders within the campus organisation: A second axis in the field of tension concerns
the relationship between internal and external parties and the method of working together. By
asking clear questions, the client can stimulate the market without prescribing solutions. Being open
to a different way of working and contractual arrangements are part of this. Methodologies for this
already exist, but should be linked to circularity objectives.

synergy

systems thinking 3 _- ) ; 4 knowledge & experience

behaviour & habits ctive & policy & management

raje

Prioriﬁes
dimensions
campus

— CaMpus A

— campus B

energy demand

' organisation closing cycles

. user

' scale levels

. flows

Framework circular campus as maturity model

Figure 8. Framework for a circular campus as a maturity model with a fictitious example of two
campuses. The framework cannot be seen as a blueprint. The starting point must be determined on
the basis of a baseline measurement for the specific situation of a campus. Similar to a maturity
model, the progress can be visualized in a coherent structure.

4.3. Tactical and Operational Level Specification
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In addition to consistent policy at the strategic level, priorities and clear substantive objectives
are required for the tactical and operational level. To this end, process agreements must be made at
each scale level and concrete criteria must be determined for making the relevant flows circular
(Figure 7). By defining a scope and gradually implementing it in terms of content, the complexity is
reduced and the subject is clearer. For each dimension, various measures can contribute to putting
circular ambitions into practice. Ensuring the coherence between the dimension is also essential at
the tactical and operational level (Figure 8).

The systematics of the framework aim to make the underlying connections and structures
visible. A clear scope can serve as a starting point for concrete substantive objectives and setting the
necessary priorities. By linking thematic areas of attention on the campus to principles of circularity,
a storyline is created and the subject becomes tangible for the various parties involved within the
organisation. A pilot scheme on the campus such as a 'living lab circular campus' can play an
important role in this if it goes beyond just a construction project and the various stakeholders are
involved. Translating ambition into concrete content aspects makes the abstract subject of circularity
more understandable and accessible.

5. Discussion and Conclusions

5.1. Discussion

Circular economy in area development is still in its infancy. In practice, those involved are
confronted with the complexity of the theme. As the analysis showed, not only technical system
choices but also the structure and processes within the organization influence the implementation of
circular principles. The interviews confirm a number of assumptions from the theoretical analysis.
As far as we know, practical research on circular economy on campus has focused on separate scale
levels or, for example, facility services, food and waste flows or the energy theme. Campus
organisations are working on the subject of circularity, but after the first experimental phase there is
still a need for better structure and standardisation, particularly when it comes to an area-based
approach. By establishing a link between circular principles and the various dimensions of campus
development, the study contributes to the development of a new structure.

This research is based on the theoretical analysis and on the experiences of 13 interviews on six
university campuses in the Netherlands with a similar structure. This concerns technical
universities, but also campuses without a focus on technology. It is suspected that this group is
representative. Other forms of organisation, such as colleges of higher education or universities in
other (European) countries, were not investigated. The literature study shows that similar subjects
also play a role in non-Dutch educational organisations.

This paper aims to provide a framework for CE implementation in campus development. In all
cases, the campuses investigated are clearly demarcated areas that are part of a city. Campuses with
other spatial typologies such as a greenfield campus outside the city or a university with separate
buildings that are fully integrated into the urban fabric were not specifically investigated. The
question of whether circular principles can also be applied to the development and transformation
of other areas has thus not yet been answered. The system boundary plays a role in the application
of circular principles. The results of this study suggest that full integration into the structures of a
city increase the complexity and number of actors and that other processes influence the system. The
design of business parks with clearly defined spatial and organisational boundaries, on the other
hand, is comparable to the campuses studied. Additional research, in which more and different
types of area typologies, organisational and administrative units are investigated, can contribute to
broadening and deepening the knowledge about the application possibilities of circularity in area
development processes.

5.2. Conclusions

Circularity is an organisational issue, but concepts for circularity focus mainly on technological
questions. A framework for practical applications is lacking in campus development and there is a
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need for a better system that involves the various levels of scale of the area. In a complex network
with many actors, divergent interests and specialisation of processes, circularity requires systems
thinking and network management. Intangible factors and processes at the organisational level, such
as tendering policy and design choices, also have a major influence on the applicability of circular
principles. The circular economy in area development concerns a culture change that cannot be
achieved by systematically rolling out objectives from above. Without an integrated policy, holding
on to existing frameworks and instruments can be an obstacle if they do not sufficiently correspond
to the approaches of circularity. As long as there is no meta-level vision, solutions will continue to
focus on individual projects or technical details, without an integrated approach for the campus.

The complexity of the circular economy concept and the limited experience with it pose a major
challenge to campus organisations. The subject must be made more comprehensible and accessible
to the various parties involved, so that concrete steps can be taken. A clear system with a clear scope
helps to make the underlying connections and structures visible and to set the necessary priorities
for substantive objectives. One conclusion of this study is that the complexity must be reduced,
especially in the initial phase, for the tactical and operational level.

Campus organisations want to get to work with circularity, but do not know exactly how to put
it into practice. The expertise is limited and the substantive meaning of 'circular’ is often not well
thought-out. As a result, it remains unclear where the benefits lie and what the specific requirements
should be. To ensure long-term circular objectives, integral policy and specific knowledge are
required. Responsibilities and roles must be explicitly defined within the organisational structure.
At the management level, the support base must be increased and the subject must structurally be
given more priority in the various processes.

The universities have an important guiding role as a driver of circularity in the further
development of instruments and processes. Although various instruments or certifications are
available for sustainability aspects, they are not being applied sufficiently for circularity objectives.
The circular development process requires a different way of thinking and working together in
networks in the exchange of knowledge between client, designer, consultant, contractor and
supplier. Exchange within an inter-university network could provide many valuable insights for
implementation, but in practice, every campus reinvents the wheel.

5.3. Follow-Up Study

In all cases, the campuses studied are clearly demarcated areas that are part of a city. Additional
research, in which more and different types of area typologies, organisational and administrative
units are studied, can contribute to broadening and deepening the knowledge about the application
possibilities of circularity in area development processes.

Existing methods for testing sustainability objectives or resource flows should be further
developed into useful tools for testing circular aspects in area development. A combination of the
resulting data with 3D building models and BIM can lead to new insights for the application of
circular principles in area development and is a separate research theme in the field of information
management. Measurement instruments and performance indicators which take circularity into
account in an integral assessment of quality are lacking in campus development.

5.4. Recommendations for a Circular Campus

In order to be able to take steps towards an integrated strategy for circularity in campus
development, the most important recommendations of the study are as follows:

1. Ensure a consistent policy and support from all departments by formulating an integral
strategy for circularity. Make sure you also have an implementation plan.

2. Further develop the proposed system into a useful instrument by specifying substantive
requirements and concrete objectives for the tactical and operational level.

3. Reduce complexity and make the subject of circularity accessible and understandable. Set clear
priorities in the initial phase.
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4. Let go of the automatism of existing frameworks and create space and flexibility for a different
approach in the development process.

5. Think and work more in network contexts. To be able to close cycles at the local level,
consciously establish links between development projects on campus at different scales and in
different life cycles.

Supplementary Materials: The following are available online at www.mdpi.com/xxx/sl, Figure S1: New
dimensions for circularity on campus—appendix questionnaire 190112, Table S1: New dimensions for
circularity on campus—appendix analysis 190112
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