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Abstract: This paper aims to demonstrate how ‘research by design,’ which is an approach bridging
research, design, and planning, can help unpack the complexity of today’s metropolitan challenges by
considering the resource flows and processes that were omitted by traditional ways of planning. This
is crucial for circular developments. By reporting the experience of two university design studios
across Europe, this paper can contribute to a better understanding and imagination of desirable future
scenarios of resilient regions. The experiments carried out in the Regional design studio: ‘Spatial
Strategies for the Global Metropolis’ held at TU Delft are described alongside with the exercises carried
out in the design studio ‘Laboratory of Urbanism’ of the MAPA Course, held at DiARC UNINA.
Both courses focused on the regeneration of wastescapes as a fundamental part of holistic adaptation
strategies for more resilient and circular regions. Climate change issues related to resilience thinking
have been interwoven with other complex challenges such as the co-existence of wastescapes and
land scarcity as well as spatial injustice. Through a ‘research by design’ approach, these different
aspects are brought together to achieve a holistic approach for urban resilience.
Keywords: ‘research by design’; resilient cities; wastescapes; adaptive reuse; urban metabolism;
circular economy

1. Introduction: Set the Context for Circularity Approaches
Contemporary metropolitan regions are facing increasing challenges caused by the complexity of
all the resource flows and processes that were omitted by traditional ways of planning [1], and due
to interwoven global issues, such as scarcity of resources [2] and related ecological deficit [3] as
well as excess of wasted materials and neglected land, namely drosscapes [4] and wastescapes [5,6],
and flooding risks brought by climate change, pollution, and further environmental hazards. These
challenges are mixed, and they occur simultaneously. Therefore, they cannot be handled separately any
longer by traditional and sectorial ways of spatial planning and land development. The latter usually
disturbed the natural metabolism of ecosystems, the natural water cycles [7,8], and facilitated linear
models of economic development (based on the logic ‘use-consume-dispose’) such as the modern food
industry that extracts continuously finite resources and harms natural systems [9], and eventually
produces a significant amount of waste.
Thus, fundamental changes to the ways cities and regions are currently planned and developed
are in urgent need. In fact: “our current way of producing and consuming has a huge impact on
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the environment and on our society. Scarce raw materials are running out [...] Nobody wants to
live in a throwaway society or contribute to poor working conditions in low-wage countries” [10].
This requires a thorough understanding of the way natural and human systems work, of the flows
of resources and of the possible ways of integration of such flows in spatial planning. Thus, seeking
more circular and regenerative development could enhance urban resilience. The latter is referred
to as the capacity of urban systems to readjust quickly in relation to any possible risk, achieving a
new equilibrium [11]. Such new ways of planning should not be the only evidence-based/scientific
idea aimed at the understanding of the complex metabolic nature of the regional context, but also
explorative at the same time and prone to search for more desirable future scenarios.
The main knowledge gap identified in this paper is related to linking the two above-mentioned
dimensions of ‘scientific research’ and ‘explorative design’ methodologically to achieve a comprehensive
understanding of today’s complex issues, and to be able to intervene in this complexity. Approaches
of ‘research by design’ emerged increasingly in the practice of professionals and education in urban
planning and design, and have generated new knowledge and insights into the built environment, but
they are not often communicated by publications [12]. Furthermore, the methodology of ‘research
by design’ in the field of sustainable urban and regional development is not yet clarified. There are
many different interpretations of it and every case study that involves design seems to be labelled as
‘research by design’ [13]. This has hindered the development of systematic ways of design thinking in
tackling the global challenges mentioned above.
Another knowledge gap lies in managing resource flows in spatial planning and design by
using wastescapes characterisation [5,6,14,15]. It is recognized that the current conceptualization of
the Circular Economy (CE) is inadequate when applying to cities with one of the issues being the
exclusion of understanding land as a resource [16]. This paper intends to stress the importance of an
emerging approach that focuses on the valorisation of the areas traditionally considered as marginal
and neglected as wastescapes. This means innovative resources are re-inputted in the metabolic flows
of contemporary regions to face the scarcity of raw materials and fertile soil.
Aiming to overcome these knowledge gaps, this paper introduces the work developed within two
university design studios at the master level held at Delft University of Technology in The Netherlands
(TU Delft), and at the University of Naples Federico II in Italy (UNINA). The methodological
structure of these laboratory courses is very much aligned since they share their main premises and
approaches. In fact, first of all, they both took into consideration the regional and territorial scale.
Second, they recognised the importance of managing different scales and disciplines at the same
time, by applying a systemic methodology. Third, they have been based on Circular Economy and
circular metabolism approaches. Lastly, both courses focused on one of the two pilot cases investigated
within the EU funded Horizon 2020 project entitled “REPAiR–Resource Management in Peri-urban
Areas: Going Beyond Urban Metabolism”, namely the Metropolitan Areas of Amsterdam and Naples
(The two design studios, by building upon the knowledge developed by the ongoing above-mentioned
project REPAiR, applied a rather new approach, going beyond urban metabolism toward identifying
eco-innovative solutions and strategies for a better management of material and territorial resources,
namely wastescapes, in peri-urban areas. Both courses incorporated the REPAiR approach in the
existing cultures of design education at TU Delft and UNINA, which have traditions of using ‘research
by design’ as the methodology for interdisciplinary projects in design studios (e.g., including landscape
perspectives). Special attention is given to peri-urban areas and their characteristic of being territories
in-between urban and rural settlements. Particularly, peri-urban territories can be described as ‘hybrid’
geographies [17,18], which are fragmented because of the presence of large infrastructure networks,
industrial areas, large buildings, and a huge number of single-family-houses. They generally welcome
all the facilities for the waste disposal and management. “The conventional idea of a gradual transition
in spatial structure from urban to rural does not properly reflect contemporary patterns of urban
development and their potential for sustainable development” [19]. This is due to the fact that
peri-urban areas are usually characterised by an intermingling of built and unbuilt features with
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unplanned or obsolete uses of land. Such areas are often bypassed in regional development strategies.
However, they possess great potential for adaptive strategies [20]. These common grounds made
the comparison of the two courses meaningful, especially when drawing conclusions on adaptive
strategies for resilient and regenerative metropolitan regions. Nevertheless, these two courses had
different essences. The TU Delft course focused more on regional design. It used explorative spatial
design proposals to connect understanding of the region (its spatial conditions, socio-economic trends,
resource flows, and governance), envisioning of more desirable (resilient/circular) future scenarios,
and strategy-making (strategic interventions with timeframes). It was evidence-based and supported
by a situated learning environment [21]. The UNINA course focused on the analysis of the complexity
of the case study area by giving great attention toward the understanding phase, which leads to
a holistic approach to adaptivity/resilience. The design strategies focused deeper on a relatively
smaller scale than the TU Delft regional design course by selecting a ‘Sample Area’ where to simulate
the implementation of the project choices. Such differences in experimenting with design solutions
complement each other by filling in the knowledge gaps mentioned above.
2. Defining Theories and Concepts
2.1. ‘Research by Design’ as the Framework: Understanding and Interpreting the Regional and Local Scales
Studies demonstrated that “research by design is a great tool for understanding urban systems
and identifying opportunities to improve them” [22] (p. 120), especially in relation with the ‘wicked
problems’ of the contemporary cities such as climate change, scarcity of resources, and environmental
threats, which are clustered, and could be solved through an interdisciplinary approach and
collaboration among different parties [22].
While research provides knowledge into the issues at hand, with scientific quest of ‘how things
are’, design contributes to shaping the world on ‘how things can be.’ The process of analyzing and
synthesizing lies in between. However, in the field of spatial planning and design, such an in-between
zone is not much explored, as planners and designers have not fully used scientific knowledge of
various disciplines to develop new models of development, and (social, economic, and environmental)
scientists seldom translate their acquired knowledge into spatial planning and design assignments.
To cope with complex future challenges and ‘wicked problems,’ alternative ways of planning and
design are needed, which call for an end to the dichotomy of research and design by identifying
solutions that could be adaptive and flexible toward unforeseen changes. According to ‘the diagram of
dual processing research’ developed by Wall and CHO, design and scientific research follow similar
processes of conceptualization (from observation to theoretical underpinning), but differ significantly
in the process of operationalization in which design research involves “subjective choices, multiple
hypotheses, contextuality, non-repeatability, specificity, and coincidence” while scientific research
involves “objective choices, individual hypotheses, universality, repeatability, generalization, and cause
and effect” [23]. The dual processing research indicates that the scientific and design worlds need
to reach a higher level of interaction, so that mutual understanding and spillovers are stimulated.
This refers to a cyclic process in which conclusions from scientific research inform design and design
outcomes become feedback for the start of scientific research.
‘Research by design,’ which is the approach utilised in this paper, is in line with such a
framework. It is a further development toward interdisciplinarity based on the Dutch planning
tradition. Furthermore, the exhibition ‘Nederland Nu Als Ontwerp’ (NNAO) organised in the 1980s
has been regarded as the starting point of this approach, which helped envision scenarios that constitute
a possible image of the future of the Netherlands in 2050 [22]. In this context, design is becoming a tool
to explore spatial potentials and generate desirable future scenarios, which are possible but might be
unexpected [24], and test the effects of alternative interventions. In this sense, the role of spatial design
is not anymore limited to giving forms to intended use, but also testing, evaluating, and validating
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unexpected forms of use, which has a research dimension with it such as research by (explorative)
design [12].
As mentioned earlier, such methodological thinking has been applied increasingly in practice
and education in the field of urban and regional planning and design so far. While the ongoing global
challenges have brought up the importance of the regional level, ‘regional design’, as urbanism on
the regional scale, is gaining progressively more attention. The term of ‘regional design’ itself might
sound still new to many since it can have various names and definitions in different planning contexts.
However, generally speaking, it existed, and it has been the backbone for spatial planning as a tool for
spatial strategy and spatial management. In recent years, ‘regional design’ has become topical again
due to the demand for strategic solutions that can deal with the new conditions of urbanization. These
new conditions include globalization, climate change, migration, and so on, which play a crucial role
on a new urban scale: city-regional scale. It can only be tackled with spatial strategies at the matching
scale [25]. Traditionally, ‘regional design’ shapes the physical form of regions to accommodate the
growth and guide the development with spatial frameworks. This involves flows of people and goods
by managing the resource flows such as waste, energy, and soil to ‘regional design’ [26]. Therefore,
this poses a new challenge to ‘regional design’ itself when CE is brought to the spatial development
agenda. What are the spatial implications of the current linear model of economy? How should the
transition towards a CE with new spatial strategies be stimulated? These research questions require
interdisciplinary methods that bring together scientific disciplines of industrial ecology and expertise
of spatial planning, landscape, and design. Furthermore, input from different stakeholders is of great
importance in understanding the issues, and potentials of places, and testing solutions by establishing
a transdisciplinary approach. This explains the fact that the two design studios of TU Delft and
UNINA built on the knowledge developed by the REPAiR project with the expectation that scientific
research and design feed and benefit from each other. In this sense, students could be considered as
active participants of the Peri-Urban Living Labs implemented by the REPAiR project for each of the
case studies (e.g., Amsterdam and Naples peri-urban areas) in order to experiment Eco-Innovative
Solutions [27,28]. This is done by combining “areas of expertise from diverse fields of knowledge
(e.g., landscape architecture, design, industrial ecology, spatial planning, civil engineering, urban
planning, ... and technically diversified competences represented by people, leaders, politics, students,
and other relevant local stakeholders’ knowledge), in order to understand the current criticalities as
well as to envision future development possibilities in an integrative way” [29] (p. 7).
‘Research by design’ could contribute to such an experimentation both at the regional level (as has
been applied thoroughly in the TU Delft course) as well as at the local scale (such as the eco-innovative
solutions developed by students of the UNINA course, which cross different scales of deepening).
Both courses showcased the application of ‘research by design’ based on a holistic understanding
of regional challenges and local interventions. Therefore, both courses have applied multi-scalar
approaches in the development of design proposals, in which analyzing and synthesizing processes
are stimulated, so as to facilitate a thorough interaction between research and design. Knowledge
from the REPAiR project has been used as input for design studios on theoretical understanding and
empirical data related to CE while the outputs of the design studios provided new insights, which
could be useful for research to eventually evaluate spatial implications of new CE models.
2.2. Towards Circular and Resilient Approaches for Peri-Urban Areas: Urban Metabolism and Circular
Economy as Background Knowledge
This paper discusses the importance and urgency of a paradigm change for the actual unsustainable
linear model of growth by exploring the work done within the two above-mentioned design studios.
They both built upon the theories of urban metabolism (UM) [30–32], which enables researchers,
students, designers, and planners to outline the metabolic functionalities of contemporary regions and
circular economy [33–36] by applying them to the study of the two peri-urban areas of Amsterdam
and Naples metropolitan regions.
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Urban Metabolism is a metaphor understanding cities as ecosystems characterised by inflows and
outflows of goods, materials, energy, and people. Moreover, UM is a way to potentially improve the
sustainability of the resource management systems at the different regional and city scales [37]. Today
it is a widespread concept embracing several aspects including physical, environmental, technical
dimensions regarding material and immaterial flows. UM is considered both as a framework to
understand the complexity of urban ecosystems—‘metabolism is a precondition of life’ [38]—but also
as ‘a framework for modelling complex urban systems’ material and energy streams [38]. Therefore,
metabolism can be seen as a conceptualisation for reading, interpreting, and designing contemporary
urban regions.
UM—besides focusing on the flows that characterise the mechanisms of cities—deals with
socio-economic dimensions, as fundamental as the technical ones. Thus, the social dimension of
metabolism [22] is intertwined with topics like spatial justice and equal access to opportunities,
including social and political aspects of daily life in contemporary cities. It has been shown that,
in order to envision a better and more resilient future for our regions, it is necessary to design solutions
and strategies, which will allow cities and regions to grow and prosper without overcoming the
planetary boundaries [39].
Operationalising the metabolism of contemporary regions within the circular strip represented by
the doughnut economy—as defined by the English economist Kate Raworth [40]—is meant to remain
and operate within an equal and secure space for humanity on Earth [39], being in balance with nature.
This is to achieve sustainable and resilient development, and not further damaging the resources of
our planet, by helping decision-makers in defining desirable societal development [39].
Working within the planet boundaries [41] asks for stressing the importance of the reuse, recycle,
and regeneration of all wasted resources (including waste and wastescapes) for improving urban
resilience. Such an argument also defines the resilient and regenerative scenarios for metropolitan
areas this paper intends to contribute to.
This can be achieved by applying the base principles of the Circular Economy, which foresee
closed loops of resource flows toward zero waste production. “Circular economy systems keep the
added value in products for as long as possible and eliminates waste.” [42] (p. 2). However, focusing
only on innovations related to products for circular economy is not enough, which is also necessary to
deepen the importance of the reuse and re-valorization of misused land, which has been overlooked
for a long time in Circular Economy approaches. In fact, Williams commented on the RESOLVE
framework (acronym for Regenerate, Share, Optimise, Loop, Virtualise, Exchange) developed by Ellen
MacArthur Foundation (EMF) for circular economy, pointing out that it is not considering land as a
resource: “land which remains vacant because of the cost of decontamination, difficulties with land
assembly or simply due to speculation, is a waste of a valuable resource. Land recycling should be
facilitated in a city to optimise resource use” [16] (p. 2752).
All around Europe, peri-urban areas are characterised by hybrid functions among urban and
agricultural spatial and functional organisations. Until now, peri-urban territories have been of great
interest for researchers who were fascinated by the huge potentialities of these kinds of territories
regarding land resources and adaptive strategies [43–45]. Research shows that starting from the
potentialities of the peri-urban areas is a way to reveal the regenerative nature of this kind of territory,
which opens up to various scenarios for sustainable future development. Thus, we can argue that urban
metabolism and circular economy are valid approaches for the understanding and interpretation of the
complex structure of peri-urban areas, which have been recognised as an extraordinary laboratory for
ideas and projects, and can only be unraveled through a multi-scale approach [46].
3. Materials and Methods: Two Design Studios across Europe
The two design studios described in this paper held at TU Delft and UNINA were organised into
two main phases: (i) analysing/mapping to understand and unpack the territorial complexity, and (ii)
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experimenting/designing to synthesize knowledge about the territory to envision better futures for the
regions and sub-regions investigated, and, thus, by imagining future scenarios.
Students identified systemic solutions for both the Metropolitan Areas of Amsterdam and Naples
by tackling the challenges the regions are confronted with (such as climate change, spatial justice, etc.)
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edition of the studio within the academic year 2018–2019 benefitted from the collaboration with
the Deltametropolis Association (Vereniging Deltametropool), and from the expertise gained through
the project REPAiR, as previously outlined (More information could be found on the ‘Quarter Guide
Q3 2018–2019. MSc2 Urbanism. Faculty of Architecture and the Built Environment. Spatial Strategies
for the Global Metropolis’ (only available in printed version). Both authors co-taught in this edition of
the studio and tutored the student’s work, as reported in this paper).
In spring 2017, the Dutch Ministry of Interior Affairs and Kingdom Relations published a national
housing agenda by projecting a demand for a million new homes in the Netherlands until 2030 [47].
Within this context, as the region attracting the largest portion of growth, the AMA plans to build
230,000 homes by 2040 [48]. Although a quick response to housing demands is reasonable, ideas about
strategies to meet such demands are debated controversially. Besides the rising housing price and
issues related to affordability, there is also concern about the environmental footprint that a hurried
housing production may leave behind, and a threat to the diverse and highly appreciated natural
landscapes. Furthermore, if a single perspective is adopted when dealing with short-term housing
shortages, other longer-term spatial agendas might suffer from a lowered urgency, especially those
dedicated to climate adaptation e.g., the implementation of sustainable energy schemes. Therefore,
the emphasis of the assignment was on integral approaches that could consider the complexity and
long-term scope of regional spatial development with two conceptual frameworks providing guidance
for design and planning approaches, notably CE and ‘spatial justice.’
Students were asked to combine the aspects of CE, spatial justice, and reuse of land, when coping
with the above-mentioned (short-term) housing demands and (long-term) future challenges such as
climate change. Specifically, the theme of CE included for this course sub-themes of construction and
demolition waste cycles, food and organic waste cycles, and renewable energy cycles from which
students can choose to focus on. Moreover, the regeneration of wastescapes, particularly in peri-urban
areas, was deepened as a key aspect in most of the students’ works.
Students worked in groups of four to five people on a regional design exercise in the R&D studio
(Research and Design studio). This studio was organised into two main phases.
The first one concerned an analysis phase that focused on understanding the current regional
development trends and problems. A ‘scientific’ approach was used in this phase in which students
were asked to show theoretical and empirical ‘evidences’ supporting their arguments. Analytical
tools (such as GIS, space syntax, etc.) and methods (such as material flow analysis, SWOT analysis,
multi-criteria analysis, etc.) were provided as knowledge input via lectures/workshops. Access to
data was offered by the REPAiR project, which was one of the benefits of linking such a prestigious
ongoing research project with design education (other benefits include, for example, connection with
real stakeholders from the region). Building upon insights generated by synthesising such regional
analysis, a spatial vision for the AMA was developed, which promoted a desirable future scenario
that would serve as a normative framework with guiding principles for development. In this sense,
the spatial vision is seen as a design product, a sketch of how the future should look like. The nature of
a spatial vision is explorative, meant to build up new spatial agendas and bring them up for political
debates. New questions will be generated by such exploration, which very likely lead to new research
topics. Therefore, the course provided opportunities for students to present their spatial visions (in the
form of mid-term presentations) to stakeholders of the region, so as to get feedback and questions to
be considered for the second phase of the project.
The second phase aimed to develop a spatial strategy that could validate the imaginative spatial
vision with practical actions. The strategy consists of a series of spatial interventions in the form of
key projects and/or spatial policies, ordered chronologically, with actors and organisations involved
in bringing spatial changes about. This consisted of a timeline that helped organise the different
interventions over time in short, medium, and long-term periods, according to priorities identified
by analysing the stakeholders’ needs and the regional trends. In this phase, both research and
design were mainly focusing on the development process, next to the spatial implications of the

Sustainability 2020, 12, 4549

8 of 24

strategic interventions. The stakeholder analysis was instrumental for understanding governance
issues and designing new models that are able to cope with future challenges. The tendency is
transforming toward more participatory approaches, which will fundamentally change the role of
design in the decision-making process. Therefore, the spatial strategy as a design product has its nature
of experimentation-offering tools and methods of co-creation.
One can conclude that, in this course, both strategy and vision are spatial design products, using
design as a tool to explore possibilities, demonstrate future images, and generate common interests
among stakeholders. For example, the vision spatially describes a desirable future, and, therefore,
should be persuasive, seek to convince, and enable and engage actors of action required to achieve
the future scenario. It can be a pragmatic planning framework for a short time span (e.g., 20 years)
or a near utopia projecting into the far future. This is a region supported only by renewable energy,
no waste, and no further urban expansion, which would imply soil consumption. In light of the vision,
the second design product, which is the development strategy, identifies concrete actions to be taken.
It includes a definition of spatial interventions, i.e., projects and/or policies, and ordering of these
interventions over a timeline, as previously mentioned. Moreover, an inventory of stakeholders that
are involved in bringing spatial change about is also included. Students were asked to visualize the
three components of a development strategy, so that the development process and spatial implications
of the crucial interventions could be demonstrated. It was required that the roadmap should consider
certainties and uncertainties during the path of development, which will result in a resilient approach
with respect to uncontrollable contextual changes. Thus, scenario building was encouraged as an
instrument to develop such an approach.
Coping with the complexity of a region, as indicated above, in the research and design studio in
one-quarter time (which consists of eight weeks of timeframe) is actually a challenging task. In this
sense, we need to bear in mind that the students’ work has limitations, e.g., in a full understanding
of the ongoing spatial development trends, or in managing all the aspects of their design proposals.
Nevertheless, supported by extra lecture/workshop sessions that could bring input on knowledge and
skills related to regional analysis and design, the workflow in the R&D studio was facilitated on a weekly
basis. Students were encouraged to reflect on the following questions: ‘What are the ongoing trends
and issues at hand? How to analyse/interpret the regional spatial structure and the flows of people and
materials? What are the potentials of the region and its more desirable future scenarios? How do they look
like? What are the regional strategies that could direct transformation processes toward these scenarios,
seeing the unintended outcome of deliberate actions by individuals and agencies? How to formulate
spatial policies and strategic projects in line with such regional strategies?’
These questions led to a constant interaction between research and design. Although the studio
work flow could follow a linear process, in reality it was rather cyclic, involving a revisiting of the
narratives. Such a workflow indicates a ‘scientific design’ process known as the ‘TU Delft Approach,’
which is characterised by integration of evidence-based research and imaginative/intuitive design.
A clear line of reasoning and convincing argumentation was required when developing appealing
visualization materials. Furthermore, strong regional emphasis and territorial metabolism were present
when coping with the complexity of future challenges while, at the same time, uncertainties related to
the changing context and governance were considered seriously.
3.2. Holistic Approach to Define Adaptive Strategies and Solutions for the Metropolitan Area of Naples
The Master-level design studio ‘Laboratory of Urbanism’ of the MAPA Course ‘Laurea Magistrale in
Architettura Progettazione Architettonica’ (the course carried out during the academic year 2019–2020 built
on the knowledge developed within the REPAiR project. It was co-taught by Libera Amenta -Urbanism
module—and Paolo Camilletti—Landscape module—with the teaching assistance of Pasquale Volpe,
and further support of Federica Vingelli, Maria Simioli, and Valentina Vittiglio. For the general contents
and objectives of the course please check the link: http://www.diarc.mapa.unina.it/index.php/didattica)
held at the Department of Architecture of the University of Naples Federico II, aimed for the students to
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identify a new equilibrium for the Metropolitan Area of Naples (MAN) by exploring different strategies for
circular and resilient landscapes. This was done through a ‘research by design’ approach. By considering
the urban system as a whole, and by applying an interdisciplinary perspective, students explored new
instruments of the contemporary urban projects that could contribute to establishing different non-linear
processes of growth. This is based on the valorisation and recycling of local materials and territorial
resources
without further consumption of goods and virgin soils. Specifically, the course9 of
adopted
a
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an interdisciplinary perspective, which, in this case, tends to unify the shared interests of urbanism
enhance the urban quality and, at the same time, improve the environmental performance by
increasing biodiversity in ecosystem services. This was done with the objective to inspire students to
imagine an improvement of the quality of life of urban and peri-urban areas by meliorating the
environmental sustainability and the circular economic development of the territory.
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In preparation of the second phase of design, it was helpful for students to elaborate on a book
In doing
so, students experienced the case-study area at different scales in order to grasp the
of references by selecting examples of eco-innovative solutions and strategies from other national
urban transformation that occurred over time, and the metabolic process still taking place.
contexts and from abroad, which could be transferred and applied in the case-study area. These

After this deepening, students were able to select a ‘Sample Area’ within the limits of the ‘Focus
Area’, which could exemplify all the features mapped for the ‘Focus Area.’ The definition of the
boundaries of the ‘Sample Area’ was different for each group of study. It was considered an exercise in
itself. Through it, students could be able to show their ability to identify and map smaller portions of
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the territory of their interest where the criticalities and potentialities were well represented, and where
their intervention could be significantly implemented to trigger impacts on the whole focus area.
In preparation of the second phase of design, it was helpful for students to elaborate on a book of
references by selecting examples of eco-innovative solutions and strategies from other national contexts
and from abroad, which could be transferred and applied in the case-study area. These examples were
used by students as a starting point to develop their territorial strategy. Since the solutions designed
for the MAN had to be case-specific, students analysed the existing solutions imported from elsewhere
by stressing their key principles that could be used and implemented locally in their design projects.
When the first phase was completed, students were able to give their interpretation to the definition
of the site, which means to ‘translate their research into individual approaches and methodologies and
create visual representations of their findings: collages of knowledge’ [50].
The second phase of the lab was about the interpretation and design of the site. At this stage,
students developed a concept and a spatial vision through which to explain how to overcome the
specific problems and challenges of the context investigated. Thanks to the development of the spatial
vision, students could envision, in their work, an image of a possible future representing, (i) how
to reuse wasted resources, including wasted lands namely wastescapes, (ii) how to regenerate and
revitalise the territory by the provision of new and compatible functions, and (iii) how to design
circular processes and trigger healthy metabolisms. In this way, the vision defines key principles
for identifying a different kind of growth (Russo, 2014), which should be sustainable and resilient.
The vision is the prerequisite for building the Territorial Spatial Strategy in the second phase of the lab.
The Spatial Strategy could be developed through the composition of key projects or key policies, which
should be smartly organised and adaptive, over a chronological timeline, in an integrated vision.
During the course, it was underlined that the design of a spatial strategy should not overlook
the mapping of all stakeholders that could be involved in the previously mentioned strategy.
To this aim, within the Laboratory of Urbanism, the theory of living labs, gamification, and other
collaborative planning approaches were introduced and experienced by the students through additional
seminars/workshops held during the course by external experts. This extended the scope of the
methodology of ‘research by design’ from designing the physical environment to designing the process
by actually experiencing this transition.
4. Results
In this part, the paper explores the different results of the design processes carried on by the TUDelft
and UNINA urbanism lab courses, and, specifically, it deepens the modality in which students critically
interlinked all the issues, which they explored, in the study of the AMA and MAN. Furthermore, in this
section, the mutual process of learning developed at the same time of the experiments implemented
by some of the students’ groups is described. Moreover, some of the key arguments of the students’
works are explained in this case and supported by some of their drawing elaborations. This was done
to understand to what extent students could apply the methodological framework introduced within
the courses in their works.
4.1. Results of the Regional Design Studio-TU Delft
The regional design course at TU Delft resulted in a variety of group projects focusing on the
themes related to CE as well as re-use of wastescapes and spatial justice when coping with the
housing demands in the AMA. In this case, two projects are used as examples to demonstrate how
interdisciplinary and explorative design was used as a tool to experiment on spatial strategies that
could stimulate the transition toward a more circular and livable region. They are the ‘AMA.ABLE
Energy’ project and the ‘ENCORE’ project, focusing on the energy landscape and the construction
cycles, respectively. Students defined the previously mentioned titles of their projects as a way to
summarise their main idea for the region. Thus, they result as a kind of slogan, which aim to anticipate
the complexity of their design process.
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The ‘AMA.ABLE Energy’ project started with an observation that the AMA is a spatially
decentralized region characterized by an urban metabolism, which relies on non-renewable and
centralized energy production. The latter is non-resilient, unequal, and does not promote social
awareness of the necessary transition toward clean and renewable energy, and on the correlated
landscape that derives from its implementation. In addition, ever increasing housing demand poses
further challenges toward the achievement of sustainable urban growth. To reach the sustainability goal,
students proposed a decentralized renewable energy network driven by the local housing development.
The decentralized model has been considered with the potential to create a resilient energy network
and to integrate it in the landscape with respect to the local identity (Figure 4). To deal with conflicts
of interest among stakeholders on multiple scales, students created a development strategy based
on serious gaming that integrates landscape, people, and energy on various scales. Social justice
was addressed through such serious gaming in the decision-making process thanks to its nature of
co-creation and participation of all the stakeholders. To support such a participatory process, a design
toolbox was developed, providing guidelines for spatial development and linking the design of the
regional spatial structure and the projects at a local level. The tools proposed have interdisciplinary
and experimental characteristics, integrating industrial ecology knowledge from research and desirable
spatial qualities of the place (Figure 5), identified circumstances on when and where to utilize them
and for whom, as well as how to implement these tools. Most of these tools demonstrated methods
for re-use of wastescapes in peri-urban areas of the AMA, and enhancing the identity of the regional
landscape, when building new or upgrading old energy infrastructures in areas of housing development.
By applying these tools, the participatory process of serious gaming is expected to result in multiple
outcomes: enhanced circularity in terms of the re-use of land, energy transition with decentralized
system, and a desirable energy landscape with a local identity. The methodology of ‘research by
design’ was applied both in the design of the physical environment and the planning process, which
demonstrated strong characteristics of experimentation. The actual solutions proposed by the group
might not be perfect, but the approach itself was considered innovative, which opened up discussions
on potentials of the peri-urban areas in facilitating the formation of a decentralized renewable energy
network. This is more circular, fair, and contributes to a new local identity.
The ‘ENCORE’ project (Figure 6) focused on the construction and demolition waste cycles in the
AMA. It started with a criticism on the extreme consequences of the current linear model of urban
development on the environment, which can be experienced socially and spatially. Among these
consequences, underused and polluted landscapes emerged, and they were defined as wastescapes
often seen in peri-urban areas. It was recognized that the construction sector appears to be the most
polluting sector in the linear economy due to its large need of raw materials and its considerable
greenhouse emissions. In addition, it was pointed out that the AMA is also experiencing a high
pressure on the housing market with increasing issues of affordability for lower and middle-income
households. Therefore, the pressure on land as a resource for housing development is largely increasing.
Thus, the ‘ENCORE’ project aimed to create an inclusive housing development process, which enabled
the regeneration of wastescapes and the implementation of a circular construction network. This
resulted in a vision and a strategy in which several key projects were introduced as experiments in
accordance with a clear set of principles and values (1) regarding wastescapes: minimize the use
of new territory, improve spatial qualities, (2) regarding housing: create more affordable housing
by re-using underused lands and buildings, address accessibility of new housing areas through the
re-use of existing infrastructure, (3) regarding construction: localize construction flows by means
of production, transportation, and distribution, and use the production potential of the existing
landscapes. The interdisciplinary nature of this project, backed up by research, lies in the synthesis of
knowledge for typologies of wastescapes, landscape potentials for producing bio-based materials for
construction, etc. The design tools proposed by the group contributed to the exploration of possible
re-uses of wastescapes toward more desirable functions and spatial qualities. By testing these tools
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The ‘ENCORE’ project (Figure 6) focused on the construction and demolition waste cycles in the
AMA. It started with a criticism on the extreme consequences of the current linear model of urban
development on the environment, which can be experienced socially and spatially. Among these
consequences, underused and polluted landscapes emerged, and they were defined as wastescapes
often seen in peri-urban areas. It was recognized that the construction sector appears to be the most
polluting sector in the linear economy due to its large need of raw materials and its considerable
greenhouse emissions. In addition, it was pointed out that the AMA is also experiencing a high

Sustainability 2020, 12, 4549

Sustainability 2020, 12, x FOR PEER REVIEW

14 of 24

14 of 25

Figure 6. Tools developed by the ‘ENCORE’ project group for the regeneration of wastescapes,
Figure 6. Tools developed by the ‘ENCORE’ project group for the regeneration of wastescapes, circular
circular
construction,
and fair housing
development,
experimented
in the
four strategic
in the
construction,
and fair housing
development,
experimented
in the four
strategic
projectsprojects
in the AMA.
AMA.
Source:
drawings
by
de
Jong
A.,
Boudouaya
O.,
Li
Y.,
and
van
den
Berg
N.
Source: drawings by de Jong A., Boudouaya O., Li Y., and van den Berg N.

4.2. Results Laboratory of Urbanism MAPA, DiARC UNINA

Sustainability 2020, 12, 4549

15 of 24

4.2. Results Laboratory of Urbanism MAPA, DiARC UNINA
The outcome of the Laboratory of Urbanism of MAPA at DiARC in Naples was a diversity of
group projects, which, according to the requirements of the course, identified strategies and solutions
aimed to implement the principles of circularity, including the regeneration of wastescapes. In many
of the cases, this was done by imagining starting from bottom-up initiatives developed locally with
the involvement of the local community. In this way, solutions and strategies aimed to have an
inclusive approach by considering all stakeholders’ needs (by mapping all the stakeholders present in
their study-area, and by foreseeing the implementation of Urban Living Labs [51] settings to start a
co-design process). They were site-specific, and designed adopting a systemic and adaptive approach.
They aimed to trigger sustainable and resilient urban and territorial transformations by increasing
biodiversity and reducing water and soil pollution.
Two experiments were carried out by students as an example of the approach. The first one is the
project entitled ‘FELIX2begreen’ (As in the case of the TU Delft course, also UNINA students identified
a title that could be used as a slogan for their projects to summarise the main aim of their design
proposal), in which, after developing a vision for the whole focus area, the study on the municipality
of Acerra was deepened. In Acerra, the areas of intervention are crossed by Regi Lagni rivers (which
are very polluted canals) by a very dense urbanised area, peri-urban territories, and agricultural
fields. Furthermore, the area is characterised by the presence of historic manors being progressively
neglected over time due to the continuous process of abandonment of the countryside, which need
to be reinterpreted. In this project, the first phase of the ‘research by design’ process was useful
to identify the criticalities and potentialities of three contexts within Acerra: (1) agricultural fields,
(2) peri-urban areas, and (3) industrial zones. The key characteristic of the three analysed environments
is the high presence of wastescapes. The latter have been used as a starting point to answer the
following research question: ‘How could a healthy relation be re-established between man, nature,
countryside, and city through the regeneration of wastescapes?’ Thus, students proposed to re-design
parts of the territory of Acerra through a series of interventions organised by different subsequent
steps, arranged along a specific timeline (Figure 7). First of all, the interventions foreseen in the short
term (Step 1-from 2 to 5 years) are the ones which could be more easily implemented, or which need to
start immediately and continue over time. These are the valorization of the ecological networks and
the biodiversity along Regi Lagni rivers with the reconfiguration of their banks and the protection
of the agricultural heritage. Moreover, in the first stage, the Living Labs for co-designing strategies
for the regeneration of wastescapes are established. Second, in the medium term (Step 2 from 5 to
20 years), the project foresees the realization of the interventions, which require more resources to
be implemented, as actions to integrate soft mobility in the existing infrastructural network, and the
planting of species for phytoremediation. Third, in the long-term (Step 3 from 20 to 50 years), the actions
are focusing mostly on the realisation of new buildings and facilities, and the realisation of important
landscape projects such as the buffer zones of industrial areas or the implementation of the wetland
machine. Furthermore, this group further deepened the study of a small portion of the municipality of
Acerra in the north-west area, where they identified mono functionality and scarce public facilities,
several cul-de-sacs in the infrastructure system, and social unease. Thus, their project envisioned the
creation of new public facilities and infrastructures as well as public spaces for social gathering by
reusing all the wastescapes, by valorising the existing settlements within a system of public green
areas and cycle-pedestrian greenways. Moreover, the ‘FELIX2begreen’ project identified the possibility
to insert a new residential area to complete the low-density settlements already present in the area
(Figure 8a,b).
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Figure 9. Example of the vision for the sample Area of Volla, developed by the ‘RestrAIN’ group.
Figure 9. Example of the vision for the sample Area of Volla, developed by the ‘RestrAIN’ group.
Source: drawing by Di Vizia F., Napolitano S., Sannino S., and Visciano M.
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Figure 10. Example of toolbox for the sample Area of Volla, and timeline, developed by the ‘RestrAIN’
group. Source: drawing by Di Vizia F., Napolitano S., Sannino S., and Visciano M.

Figure 10. Example of toolbox for the sample Area of Volla, and timeline, developed by the ‘RestrAIN’
group. Source: drawing by Di Vizia F., Napolitano S., Sannino S., and Visciano M.
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5. Discussion
5.1. Comparison between the Two Courses
The two courses have several similarities regarding the methodology of ‘research by design’ as
well as the organization of the teaching activities. They both focused on questions of: (i) how to
reuse wasted resources, including wastescapes, (ii) how to regenerate and revitalise the territory by
implementing diverse functions, and (iii) how to design circular metabolisms. Both studios focused first
on the research/analysis phase. Students conducted a mapping exercise and simultaneously gathered
the necessary data to develop their exercise. In this way, they could show the spatial implications of
the resource management on the structure of the territories of their study. This has paved the way for
applying the methodology of ‘research by design’: exploring (spatial) potentials of the wastescapes in
peri-urban areas by imagining future scenarios that are more desirable, which adds value and quality
to the area. At a second stage, students defined spatial strategies and solutions, at different scales,
crossing different disciplinary fields, and with different levels of investigations, for closing the loops,
reusing wasted materials and neglected territorial resources, and by regenerating wastescapes. Both
courses paid great attention to stakeholder analysis including research on governance models based
on which students experimented with interdisciplinary design strategies (toolboxes are often used for
such experimentation). They developed in various strategic locations/areas. This has extended the
scope of design from designing physical forms to defining participatory processes.
In a nutshell, students of both courses demonstrated, despite time constraints, to be able to deal
with the complexity of peri-urban areas by applying different design tools in their research experiments
conducted at different scales. Furthermore, this was done by attempting to include the diverse points
of view of several disciplines at the same time. This was also experienced through further design
workshops held during the course (e.g., workshops based on gaming). Furthermore, they mostly
applied a systemic methodology by trying to consider the challenges that were interpreted as great
potentials (especially within peri-urban areas) for developing adaptive strategies and solutions.
5.2. Pros and Cons of the Implementation of ‘Research by Design’ Methodology in the Studio Setting
This paper aimed to link design education with research activities as part of an innovation process
toward a holistic urban resilience. In this sense, students’ design work was regarded as a valuable
source of innovation. According to the experience of these two courses, students were able to think
out of the box when imagining future scenarios. Although solutions were drawn with feasibility in
mind, they were relatively free from political and economic constraints than practitioners. Students of
these two courses, by focusing deeply on their case, were, in most of the cases, eventually capable of
embracing the territorial complexity of the cases. They conducted experiments, which were appreciated
by the REPAiR project team, seen as valuable for research because of the unforeseen results and new
research insights. Students themselves also appreciated the scientific and societal relevance of their
design assignment, access to data, and knowledge on CE from an ongoing research project as well
as the opportunities of getting feedback from real stakeholders from the region. This was a learning
process most of them never experienced before, as many of them mentioned ‘a very different course.’
As indicated earlier, students’ work also showed some limitations and obstacles, which is worth
mentioning. A commonality among the different projects was that the study of the metabolic flows,
even if it was considered of great interest, being new to all the students, was not deepened enough due
to the difficulty to gather data related to flows and to represent them.
The process of selecting the sample areas to deepen their design exercises appeared to be another
complex task to be completed immediately for some students’ groups since they could not always
synthesize multiple research outputs at the same time. This also indicated a challenge for applying the
methodology of ‘Research by Design.’
Moreover, it was a demanding task for these young students to develop Spatial Strategies that
could represent a roadmap toward a desirable future. In fact, in some cases, only some solutions were
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presented, which were not really functioning in a systemic and integrated way, due to limited time
and limited knowledge on these technical solutions. Nevertheless, the ‘spirit’ or characteristics of
experimentation are visible in all the solutions and steps.
Obstacles in using the catalogue of solutions for developing site-specific eco-innovative solutions
and strategies for the case study lied in the fact that some solutions could be entirely transferable in
other contexts, while others might need minor adaptations. Furthermore, others could be less suitable
for transfer due to important contextual barriers [52]. Thus, the use of reference projects for the design
process is not an immediate and simple task. It requires a great capacity of abstraction and flexibility
in the adapting the existing solutions to the specificities of the context. This is another challenging
task related to linking research and design, from understanding how things work to proposing and
validating how the world could be.
Lastly, they mostly applied a systemic methodology that is plausible. However, sometimes
‘naiveness’ was unavoidable due to time limitations.
6. Conclusions
This paper introduced and compared how material resource flows were managed and wastescapes
were reused in urban and regional design, in two university design studios at the Urbanism Department
of TUDelft, in the Netherlands, and at the Department of Architecture of the University of Naples
Federico II, in Italy. Thanks to the comparability between the two courses, in terms of the selected
regions of the AMA and MAN (both as study cases of the REPAiR project), as well as the teaching
methods and complimentary design scales, the comparison has led to conclusions on how a ‘research
by design’ approach could be used in university design studio settings as a methodological tool to
experiment with circularity for imagining more resilient and regenerative metropolitan areas.
The explorative nature of design is well-suited with wicked problems, which do not have one
clear solution and always demand adaptation [13]. The assignments which both university design
studios defined were complex challenges that called for holistic and systemic approaches in which
spatial design (both at the regional and local levels) could contribute to experimenting adaptive
strategies that bring positive changes to the current situation, the plausible improvement of spatial
qualities, and imagination of desirable future scenarios. In doing so, the analytical/scientific research
and constructive/experimental design components of the studio works were interwoven throughout
the process, which kept the experiments going with the support of a systemic and interdisciplinary
methodology. Content-wise, these two design studios both had aims of stimulating the transition
towards more circular regions, which could be more resilient and regenerative in the future. This
includes spatial strategies at the regional level facilitating the reuse of resources (including land), closing
the waste cycles, and creating eco-innovative solutions at the local scale based on holistic understanding
of resilience and regenerative approaches. From the perspective of scarcity in land resources, the reuse
of wastescapes becomes the key, and has been placed at the center of experimentation in both design
studios. Therefore, as seen from the example of student projects, the peri-urban settings, such as the
areas near the harbor and airport in the Amsterdam case, became relevant in spatial strategies, where
flows are concentrated and wastescapes can be identified. Furthermore, both courses emphasized the
importance of social justice in addition to the technical aspects of the adaptive strategies. This has
resulted in an extra contribution of these two design courses toward enriching the methodology of
‘research by design’ especially when coping with issues of circularity in city-regions (from designing
the physical forms and technical solutions to defining participatory processes). Lastly, the limitations
of the research by design methodology applied in these two university studios include the depth of
understanding on the complex issues and data availability due to the limited experience of students
and time frame. To a certain extent, this can be coped with by offering input on knowledge and skills
related to the assignment as well as access to data with the support from an ongoing research project,
i.e., the REPAiR project.
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The paper tried to fill in the two knowledge gaps mentioned earlier in the introduction session,
namely the clarification of the research by design methodology, and accommodating resource flows
in urban and regional design, based on the experiences of the two university design studios. Those
integral approaches developed by students can be inspiring for research and practice in these case study
areas concerning resilience. However, the innovative insights brought by these two courses are mainly
in their pedagogical approaches. Therefore, further investigation is still needed to integrate research,
education, and practice, so that both the methodology of ‘research by design’ and content-related
design strategies for circular, resilient, and regenerative regions can be consolidated.
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