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Abstract: In recent years, cities have revealed themselves as being prominent actors in the
circular economy transition. Besides supporting and initiating urban projects catalyzing circularity,
cities are looking for monitoring tools that can make their progress towards circularity visible.
Adopting Leuven’s pilot project for a building materials bank as a case study, this paper notes
the particular challenges and opportunities in the pilot project to assess its progress and impact,
in combination with gathering data for overall circular city monitoring purposes. Firstly, the paper
names tensions between the “messy” transition process from policy ambitions to implementation
and the question of data and monitoring. Secondly, the paper identifies relevant dimensions and
scales to evaluate progress and impacts of a building materials bank, drawing from its development
process. Thirdly, it proposes guidelines to monitor and evaluate circular city projects from the
bottom up, combining quantitative indicators with guiding questions in a developmental evaluation.
The analysis serves a critical reflection, distills lessons learned for projects contributing to circular
cities and feeds a few concluding policy recommendations. The case study serves as an example that,
in order to move beyond the tensions between circularity monitoring and actual circular city project
development, monitoring instruments should simultaneously interact with and feed the circularity
transition process. Therefore, dedicated data governance driven by enhanced stakeholder interactions
should be inscribed in transition process guidance. Bottom-up projects such as a building materials
bank provide opportunities to do this.

Keywords: circular city; transition; Leuven 2030; building materials bank; monitoring; wood
flow analysis

1. Introduction

In the process of setting strategies and targets to make a transition to a sustainable world happen,
the initial focus on the national level has in more recent years shifted towards cities, the latter finding
themselves currently at the forefront of progressive action, with outspoken ambitions to become circular
and/or climate neutral in the coming decades [1–5]. The size of transition challenges is very apparent in
cities, as their territories account for only 2 percent of the total global land surface, but three quarters of
all natural resources are consumed in cities, half of global waste is generated in cities and 60–80 percent
of greenhouse gases are emitted from cities [6]. Additionally, cities account for 85 percent of the global
GDP and are home to 54 percent of the world’s population, projected to increase to almost 70% by
2050 [7]. Hence the material flows reaching very high concentrations within city territories compared
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to the hinterlands, together with the presence of large amounts of business actors and consumers,
makes cities arenas where the driving forces of circular economy transitions may find high traction.

1.1. Science: What Is A Circular City and How to Monitor Progress and Impacts?

However, there is no consensus on what a circular economy, a circular urban project or circular
city exactly entails [8–16]. A commonly adopted notion of circular economy is keeping materials and
products performant at their highest application level as long as possible, while reducing environmental
impacts and being aware of environmental trade-offs [17]. Nevertheless, circular economy (CE) has
also been put forward as an alternative economic paradigm that stays within planetary boundaries and
is socially just [18] or even post-growth [19]. In the context of cities, the core thinking behind circularity
lies in the transition from linear to circular urban metabolisms. In his Gaia Atlas of Cities, Girardet [20]
(p. 23) explains that a city with a linear metabolism takes its required resources from a hinterland
without considering either as parts of natural ecosystems, thereby causing destruction of the natural
environment. Contrarily, cities with circular metabolisms relate material inputs with outputs, using
‘waste’ as resource while taking into account impacts on places of extraction and disposal and limiting
the material distances traveled. Girardet’s emphasis on the interdependency between resource use and
territorially anchored land-based natural ecosystems is reduced in later ‘circularity’ representations
such as the Ellen MacArthur Foundation’s ‘butterfly scheme’ [21], focusing on ‘closing resource loops’
after consumption so mainly intervening at the end of the extraction-production-consumption-disposal
chain. Not taking into account the origin of the materials extracted to produce projects in the first place
detaches the circular economy from its hinterland(s). In short, circular city projects are multiscalar;
material objects or urban projects are interdependent with a multitude of hinterlands throughout the
materials chain.

Furthermore, in concrete circular city projects or imaginaries, different overarching political
agendas exist. The article ‘Interpreting circularity’ [22] explains that the self-claimed world’s first
zero waste circular city, Masdar City in Abu Dhabi, interprets circularity as referring to ‘zero-waste’,
following industrial ecology principles to close and optimize resource loops. Masdar City is an
entirely new city where architecture and urban design strategies create natural ventilation and shaded
streets and state-of-the art technology maximally reuses water and produces clean energy. However,
this ‘circular city’ does not take the occupation of a piece of desert into account, or the extraction of
materials needed to realize this entirely new city. On the other hand of the circularity spectrum, the
circular city project R-Urban near Paris redistributes common natural resources in local resource cycles
within an existing community. In R-Urban, inhabitants capture and redistribute local resource flows
such as rain water and locally produced food, making it accessible to everyone as part of the ‘commons’.

Literature on circular cities indeed is increasingly moving beyond the conception of circular cities
as zero-waste cities towards more comprehensive approaches covering multiple urban dimensions and
overcoming both technological and organizational silos supporting regenerative urban systems [23,24].
Acknowledging circular cities’ multidimensionality related to the culture of cooperation, synergies,
and symbioses that are key to the self-sustainability of urban and territorial systems complicates
assessments that go beyond the ‘materials and energy’ dimensions in the circular urban economy [25].
This is challenging, as involved stakeholders and (local) politicians often require reporting on progress
and results, possibly against targets, in order for transition initiatives and projects to keep attracting
their support. The famous quote ascribed to Peter Drucker, “What gets measured gets managed”,
even takes it a step further, stating that without indicators, no progress will be realized. Ideal indicators
are able to evaluate progress and provide feedback, demonstrating effectiveness of actions and allowing
the identification of factors of success and failure. Moreover, they allow us to visualize the results of
the delivered efforts, and to benchmark performances among peer initiatives [26]. Ideally, monitoring
takes place from macro to micro, covering the means (money, people) directly put in place to start
the transition, the process (running activities and projects), the direct results and the indirect, broader
effects, and both technological and socio-economic aspects, all in order to capture the full dynamics
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and impacts of a transition throughout its evolution [27,28]. To move beyond materials and energy
cycles in circularity, Boeri et al. address governance, actions, actors, spaces, and resources and propose
a combination of indicators for impacts that are policy-driven, innovation-driven, social-driven,
and indicate the success of the process [23].

Natural as well as social sciences study the circular city transition. Adopting Korhonen’s
framework [9], the former essentially emphasize CE tools, metrics, instruments, and indicators
and the latter deal with CE norms, values, world views, visions, and concepts. A key challenge in
circular city research is to integrate these different approaches. However, circular city transition
is a structurally complex ‘wicked problem’ [29] that has no clear solutions or goals to reach up
until the moment they are achieved. It is unclear where they begin or stop and they might have
multiple solutions or remain unresolved. To acknowledge the circular city transition’s wicked nature,
evaluations should be developmental instead of traditional [30,31] (p. 77). Developmental evaluations
provide feedback, generate learnings and develop new monitoring mechanisms as goals emerge,
and evolve to support ongoing learning. They capture system dynamics, interdependencies, models,
and emergent interconnections and respond strategically to what is unfolding rather than aiming to
control the process [30].

At present, there is no ready-to-use monitor dedicated to the progress of the circular economy in
cities or city projects sufficiently covering the dimensions listed above. The state-of-the-art existing
city-level indicators have been captured in two recent initiatives. Within the Urban Agenda initiative,
an extended set of indicators has been compiled using the European Commission monitoring framework
as a guideline, serving as a first version of a toolbox aimed to guide cities that want to experiment
with indicators [32]. Within the CIRCTER (Circular Economy and Territorial Consequences) project, a
more in-depth analysis of what indicators based on currently available data are covering and a gap
analysis have been provided [33]. If a monitor was to be based only on indicators for which data are
available today, it would have a rather narrow focus on waste and recycling, on circular employment
based on a very limited definition, and on a mere counting and listing of running actions, while any
causal link to results in terms of material consumption or to effects like a reduction of greenhouse
gas emissions would be absent. This is evident for instance in indicator sets developed for Brussels,
London, and Porto [4,6,34].

In recent years, a number of promising conceptual frameworks has been developed in terms
of amenability to the city level. In the region of Flanders, a CE monitor is being developed based
on so-called systems to fulfill societal needs [17]. The provided connections between society-wide
indicator scores and scores at the level of products and materials opens up the way towards a more
direct policy feedback. At present, indicators for the mobility system are already available as part of
a CE monitor [35]. This approach could be directly applied at the city level by narrowing down the
underlying datasets to the city scale.

The model of the Doughnut Economy, an economy that stays within planetary boundaries and
provides minimal social standards, has been recently tested at the city scale [24]. It displays four
lenses that consider the local vs. the global level, and the effects on people vs. on the natural habitat.
In the context of CE monitoring, the added value of the doughnut model is mainly highlighting
the importance of indicators showing the broader and indirect effects of a CE transition. The city of
Amsterdam started the ‘Amsterdam Doughnut Coalition’, connecting paradigm change agents that are
developing a framework of necessary conditions that need to be met within the region in order to reach
the doughnut goals. One of the defined ‘conditions’ is a doughnut dashboard enabling monitoring
how Amsterdam is performing. Also, a CE monitor explicitly based on the doughnut framework has
been developed [36]. The base structure of the monitor focuses on raw materials entering the system,
waste leaving the system, and keeping products and materials in cycles, while also considering impacts.
Apparently major efforts have been put into obtaining bottom-up data on material streams—in this
way, tackling a major bottleneck at the city level. In its current version, this monitor did not lead yet to
a substantial addition beyond the state-of-the-art indicator or data development, as it does not provide
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clear links yet between the data on material streams and the four lenses as available in the doughnut
model, thereby hampering more direct policy feedback. The bottleneck might be that consumption of
materials in itself is in fact neutral in the doughnut model—only the effects of consumption are visible
in impacts like greenhouse gas emissions, land degradation, etc.

In conclusion, the key challenge is to develop a circular city monitor that incorporates multiple
relevant geographical scales where materials originate, are processed, or end up as well as multiple
transition dimensions beyond materials and energy, thereby supporting the circular city transition as a
developmental process. This in part implies integrating components that are essentially not measurable
in a quantitative way. The key challenges for developing a next generation of indicators or monitors
are: 1. obtaining both overall and detailed data on material flows, as these are generally lacking at the
city level, with a few exceptions [37]; 2. finding ways to correctly deal with spatial aspects (e.g., a focus
on direct flows within a city versus indirect upstream and/or downstream flows taking place due to
final demand or production in a city [38]; 3. providing more direct policy feedback [17]; 4. bringing
together evidence to demonstrate causality between key results and indirect effects [28]; and 5. an
accommodation of the diversity of cities and projects, in order to allow for cities or city projects to stand
out with their particular progress and to equally reward progress in frontrunners vs. laggards [32].

1.2. Policy: Transitioning Leuven to A Circular City

This paper focuses on the city of Leuven, a relatively compact and mid-sized city with ca. 100,000
inhabitants located in Flanders, Belgium, at about 25 km east of the capital Brussels. The potential
of cities as hotspots to accelerate sustainability transitions as described above already started to
materialize in Leuven since 2013, with the installation of a public-private partnership named Leuven
Klimaatneutraal, and renamed in 2016 as the non-profit organization Leuven 2030. The city government is
a key contributor in this partnership, together with knowledge institutions, civil society organizations,
sector organization, a number of large companies located in the city, and citizens. The main mission of
Leuven 2030 is developing a climate neutral city, in the broadest sense, by 2050. In order to achieve this
ambition, an elaborated Roadmap was launched in the spring of 2019, consisting of 13 programs and
further subdivided in 80 projects. Among these projects the more ‘traditional’ elements of reducing
traffic, increasing buildings insulation, and shifting to low-emission energy can be found, together
with elements like airplane traffic reduction, climate mitigation and adaptation, or a shift to local food
production. Several of these latter elements connect to a footprint perspective on emissions reduction
and are examples of the very high ambition level within the Roadmap.

Leuven’s circular city ambition is explicitly positioned as a crucial lever: one of the programs fully
embodies Leuven’s CE strategy, launched at the beginning of 2020 by the Platform Leuven Circulair,
with five focal elements: circular businesses, circular buildings, the concepts of repair/share/reuse,
consumption, and setting up a knowledge base [39]. Key to the strategy is that it builds on an existing
community ecosystem of repairing and making, local social economies, and civil society organizations
such as repair cafés with the ambition to reinforce and stimulate existing and new initiatives in a
strategic framework. The strategy additionally encourages circular entrepreneurship by supporting
circular start-ups and industrial symbioses. Platform Leuven Circulair has been created to guard the
political management, the implementation and monitoring of the Leuven 2030′s circular city strategy,
and the transversal management of the involved city administration departments and all concerned
actors collaborating in a city wide approach. The platform brings together the city government and
relevant departments, Leuven 2030, the local repair network, knowledge institutions, and company
networks with strong links to the city. It organizes interactions between the involved actors and
exchanges relevant initiatives in order to create synergy. It streamlines questions to the different city
departments and functions as a mirror board for the respective program in the Roadmap. Hence the
platform focuses on the strategy and the respective political responsibilities, while the perspective of the
Roadmap program is more dynamic, with a focus on effectively implementing, building partnerships,
and supporting communities.
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While there is a large overlap between a circular and a climate neutral city, climate neutrality can
be considered as the ‘more measurable’ ambition (even if there are different ways of measuring it)
compared to circularity. For climate neutrality, the desired results can be aggregated into a reduction
of greenhouse gas emissions. In contrast, in many texts on the circular economy and circular cities,
the goals are not clearly addressed, or implicitly assumed, connecting to a lack of consensus on
the definition of a circular economy and circular cities, as discussed above. Some sources focus on
economic effects in terms of jobs, economic growth, and saved money, which is evidently a too narrow
focus [40,41]. While explicitly measurable goals have not been stated yet in Leuven’s circular city
strategy, it does consider the wider effects on the city in terms of inclusiveness and a local and resilient
economy operating within its respective planetary boundaries. Adopting references like doughnut
economics [18] and the Value Hill [42] implies that the strategy questions the core of linear extractive
economic systems in favor of regenerative and redistributive economies. Also, it fits within the pursued
broader effects of Leuven 2030 focusing on inclusion, livability, and resilience.

In both the Roadmap and the CE strategy, elements of both mainstream economy and of a
movement to a different paradigm are clearly present, which is typical for the onset of eco-city
programs [43]. Monitoring progress against the high ambition level is to be set up as such that it
contributes to revealing the followed course and to providing feedback and input for adjustments.
A dedicated program for monitoring has been included in the Roadmap. While the development of a
complete city monitor will require time and effort, given the bottlenecks described in the previous
section, it is important to consider where to find the most rewarding avenues within the city to
start resolving some of the bottlenecks. Examples could be found in bottom-up transition projects.
Such projects at first try to get launched while being embedded in the mainstream economy, leading
to a similar tension between paradigms. With respect to monitoring the progress of such projects, a
major advantage of the city context is the physical proximity between the involved actors, providing
increased opportunities for bottom-up data collection.

1.3. Practice: Realizing A Building Materials Bank Contributing to A Circular City

In order to understand better how Leuven’s CE policy ambitions can connect to real life practices
and pilot projects contributing to a circular city, this paper focuses on one specific project within
Leuven’s circularity transition: a materials bank for building materials. Leuven’s circular city strategy
mentions that within the European project Pop-Machina [44], a (building) materials bank will be
developed and that several existing initiatives in Leuven are already working towards what could
become a “real” materials bank later [39] (p. 10). The urban materials bank is one strategic project
within the circular building sub-strategy and goes hand in hand with other actions such as supporting
‘building’ actors in Leuven with the principles of circular building, supporting networks that can
recollect and reuse building materials in the Leuven region, and setting up pilot projects for circular
building. Leuven’s Policy Agreement 2019–2025 furthermore explicitly incorporates keeping building
materials within the urban materials cycle [45]. The city wants a system taking into account the entire
lifecycle of materials; preventing waste is central as well as recycling and reuse of materials or raw
materials. The city will facilitate the setup of a materials platform for building materials at an urban or
city regional level, in collaboration with existing social economy initiatives, to keep these materials
within the urban cycle and will install digital platforms, spare part centrals, and material banks for
second hand use. Furthermore, the city aims to realize logistical systems reducing road transport in
favor of water and rail bound good transfer stations and systems as well as city regional logistical
platforms. In- and outflows of building and demolition materials will be facilitated regionally and
reinforced via de Vaart, the end branch of the canal between Leuven and Mechelen. Last-mile-logistics
delivery of building materials is key, with easy accessibility to the main road. Additionally, the city
will maximize reuse of materials that become available when reconstructing the public domain.
In these respects, de Vaart area is a great business location for (production) companies with circular
economy business models, given its optimal accessibility, proximity of residential areas, and several
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possible synergies with existing initiatives and activities. Policy and planning frameworks (e.g., Spatial
Structure Plan Leuven, Circular City Strategy Leuven, Vaartopia) direct the area towards circular area
development. This offers a unique opportunity for many stakeholders to take up a concrete role and to
cluster initiatives both organizationally and spatially. Furthermore, circular spatial development is
anchored in documents such as Leuven’s Spatial Structure Plan and Leuven’s Climate Action Plan.
In other words, the discussed materials bank counts as one project in a larger transition to circular
building material flows.

At the time of writing (summer 2020), a building materials bank is under development in a vacant
warehouse at de Vaart in Leuven. In line with the project initiators’ existing activities, the materials
bank starts with a focus on wood (waste) flows. The city of Leuven initiated the project, which is being
executed by two existing non-profit organizations, Sociaal Atelier and Reused, who both have years
of experience in Leuven with repurposing reclaimed building materials. Sociaal Atelier was founded
in 2017 by three friends who felt the need for a space to work out do-it-yourself projects. It offers an
open workshop where hobbyists, organizations, and semi-professionals can work with wood, metals,
and electronics with or without guidance, near Leuven station. Reused was founded in 2013 with a
mission to promote sustainable, affordable, and creative reuse of discarded materials. Projects are
mostly furniture or interior projects for schools or other social programs. Sociaal Atelier and Reused have
joined forces to realize a materials bank project in Leuven. The Flemish Waste Agency supports them
with a subsidy from Circular Flanders to experiment with urban mining, stock, and reuse of (building)
materials. The city of Leuven pays for a two-year lease of the warehouse through the European POP
Machina project, supporting the link between makers movements and circular economy in seven
European cities [44].

Building on the expertise and current activities of Sociaal Atelier and Reused, in an initial stage the
materials bank focuses on the recirculation of wood (waste) originating from three sources: one to
two containers per month from the intermunicipal recycling parks Ecowerf, wood recovered from
de-constructing city buildings, and unsellable wooden furniture from ViTeS, the local second hand
thrift store located near the city ring. Monthly meetings with the materials bank core working group
(MBWG), consisting of the city of Leuven and other advisors, help to define and steer the materials
bank project scope and structure. This working group develops (the process to realize) a building
materials bank in Leuven collecting, processing, and selling materials. The city’s goal is to have an
operational materials bank by the end of 2020, steered by a non profit organization. Simultaneously,
this working group feeds the city’s parallel project to map Leuven’s urban metabolism in order to
support city wide circular resource flows. Figure 1 details the materials bank policy and actor context.

This paper addresses particular data challenges to evaluate progress and impacts of a building
materials bank in combination with gathering data for overall monitoring purposes. It tries to identify
which data should be collected in a circular city transition and how to do that, adopting a building
materials bank as a case study. It takes multiple dimensions and scales into account, acknowledging the
question as a wicked problem and proposes a combination of quantitative indicators and qualitative
guiding questions in a developmental evaluation.
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2. Materials and Methods

2.1. Participatory Action Research

The authors are directly involved in projects within the local transition in Leuven towards a circular
and a climate neutral city. While they have tangible roles within these projects, their main occupation
is academic research. This allows a fruitful cycle of testing theoretical concepts in real environments
and learning from and with practice, while influencing the course of real-life projects from an advising
role founded in academic knowledge. In this way, the research approach can be described best as
participatory action research, taking part in change processes from within, while learning from and
through these changes [46]. This results in highly specific knowledge, as opposed to generalized
conclusions, with a strong focus on the learning process itself.

The term action research describes research on conditions and effects of social action that
simultaneously lead to social action. In the context of this paper, the scope of the research is not only
social, but also belongs to the exact sciences, as the research activities focus as well on physical flows of
materials and measurements thereon. Since participatory action research requires a strong sense of
self-reflection on the researcher’s interactions with others throughout the process [47], the following
section clarifies the different author research backgrounds, their assumptions and entry points in this
paper to develop a monitor for circular city projects. Additionally, the following section explains the
activities the authors carried out regarding the presented results and what their roles were in practice.

2.2. Author Backgrounds and Research Entry Points

Julie Marin is a postdoctoral Urban Design Researcher (UDR) at KU Leuven’s Department of
Architecture. Her action design research addresses the circular city transition concept as a ‘wicked
problem’, in a setting with high epistemological and ethical insecurity [31] (p. 97). Since October
2019, UDR has been a member of Leuven’s Materials Bank Core Working Group (MBWG). In the
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MBWG, the UDR assists site visits and meetings while developing its own research to link the
circular economy and spatial development in Leuven, which is provided to the working group (see
Table 1). The UDR adopts design-based mixed methods, such as spatially mapping relevant places
and actors that are part of Leuven’s wood flows to reveal and synthesize invisible (spatial and actor)
connections. In other words, the UDR helps to contextualize the materials bank project, adopting
co-production workshops with stakeholders, complemented with semi-structured interviews, desktop
policy documents, and literature reviews. Throughout this process, the UDR’s action research challenges
and questions existing understandings and interpretations on how Leuven’s wood metabolism could
become more circular and what a building materials bank’s role could be in this shift.

Table 1. Activities carried out by the Urban Design Researcher (UDR) regarding the presented results
in Section 3.

Activities Conducted by the UDR in Relation to the Materials Bank Core Working Group

December 2019

Facilitating a one-hour stakeholders conversation on which role(s) they envision for
themselves within the materials bank project as well as how they would see it
being materialized.
Collecting relevant stakeholder information (relevant locations, partners, and infrastructures)
using a map of Leuven with the stakeholders.

April 2020 Assisting in a virtual site visit of reference project Buurman in Rotterdam.

May 2020

Spatial mapping complemented with phone interviews to understand Leuven’s wood
metabolism throughout the entire chain of extraction, processing, consumption, and disposal
to gain insights into different wood types, sizes, and possible applications and potential
collaborations.

October
2019–June 2020 Assisting in MBWG meetings and bi-lateral brainstorms with the city project leader.

Luc Alaerts is a postdoctoral researcher at KU Leuven’s Department of Materials Engineering with
a focus on monitoring sustainability transitions. Within the Roadmap for Leuven 2030, he has managed
the knowledge building and monitoring program from September 2019 onwards. A key deliverable in
this program is the construction of a monitor for tracking progress of the Roadmap. Luc Alaerts has
been involved in parallel discussions within the Roadmap regarding data and monitoring, such as
the development of indicators for the progress of the strategy of Leuven Circulair, the monitoring of
the impact of smaller-scale transition initiatives such as a collective renovation project and of circular
businesses such as a repair shop, and on data governance for the Roadmap as a whole. While he has
not been directly involved in the materials bank project itself, his direct interactions with UDR and with
Leuven Circulair have been the basis of the idea development on monitoring. These ideas have been
obtained from a structural collaboration with KU Leuven as a knowledge partner, which Luc Alaerts
has been setting up as an additional role in the Roadmap. This role involves building up a research
portfolio focusing on the challenges and bottlenecks of data gathering and governance. A hypothesis
from Luc Alaerts’ research is that building links between macro and micro data provides a pathway to
delivering more direct policy feedback. In this way, the development of transition monitoring at the
meso scale is central in his research, serving the needs of policy makers at different scales.

Karel Van Acker is a core member of the Platform Leuven Circulair, as professor at KU Leuven in the
Circular Economy. He is an interdisciplinary professor at both the KU Leuven faculty of Engineering
Science and the faculty of Economics and Business. His research is focused on developing strategies to
realize the circular economy (CE) and on sustainability assessments of these CE strategies. Based on
this experience, he has mainly been active in drafting a vision and setting up a governance model
for the start of Leuven Klimaatneutraal and of Leuven Circulair. He has been involved in building the
content of the roadmap of Leuven Klimaatneutraal, and in advice on the priorities set by Leuven Circulair.
Since the largest material flows concern the construction sector, he has put forward the idea of better
organising C&D waste recycling, and together with other experts, introduced the idea of a materials
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bank. Wood is the focus of this bank, and a PhD in Van Acker’s group has been initiated on the impacts
of wood cascading. Additionally, the need for better monitoring as well as better underlying data
became obvious and became the crucial bottleneck for progress, leading to setting up new monitoring
frameworks for the progress towards climate neutrality and towards a circular economy on assignment
of Leuven Circulair and Leuven Klimaatneutraal. Both frameworks start from a consumption perspective.
The challenge is to integrate consumption data with life cycle impacts sustaining this consumption.

This paper deliberately seeks to build bridges between UDR approaches broadening the scope of
a circular materials bank, continuously adding relevant questions, scales, and dimensions, and the goal
to monitor this messy transition process, capturing and narrowing it down to essential components.

3. Results

3.1. The Materials Bank’s Messy Development Process

Figure 2 summarizes the materials bank development process between December 2019 and July
2020. Above the timeline, it lists the stages of materials bank taking shape and which actors are
responsible for this process. Below the timeline, the different actions and events are listed as well as the
concrete results they triggered in the materials bank development process. In the light of developing
a bottom-up monitor, the timeline brings up a set of relevant geographical scales and transition
dimensions that should be taken into account to keep track of how the materials bank is performing.
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The next section mainly focuses on actions that are relevant for this paper objective, therefore it
does not deal with all aspects (e.g., operational, marketing, and communication) of the materials bank
development process. Firstly, the materials bank development process confirms that physical boundary
conditions for a circular urban metabolism are highly flow and context dependent and operate at
different geographical scales that should simultaneously be taken into account when developing a
bottom-up monitor for a building materials bank. For the materials bank project in Leuven, the different
scales can be defined as follows:

• Micro: wood waste

At the micro scale, different types of wood (waste) circulate to and from the materials bank.
Initially, the inputs come from a container with reclaimed wood from the recycling park (Ecowerf ),
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second hand stores (ViTeS) and urban mining in buildings. At the micro scale, it is crucial to take
material characteristics specific to wood into account, such as different wood categories (clean versus
contaminated), circular economy cascading principles for wood [48], and specific transportation and
processing requirements. After a few months, the materials bank additionally started looking at wood
(waste) inflows from landscape management. Especially here, the interdependency with landscape
cycles (sustainable harvesting) becomes important to take into account.

• Meso: materials bank

The site of the materials bank along de Vaart can be considered as the meso scale. This scale
includes physical and organizational facilities for storing, processing, and distributing wood (waste)
flows. The degree to which the materials bank site itself contributes to circularity is strongly tied to
performance of the buildings and the site themselves (e.g., materials and collaborations used for its
construction, operation, and heating).

• Macro: hinterlands and wood ecosystem (logistical chains, sheds, externalities)

At the macro scale, the materials bank is tied to a hinterland of sites and areas providing
and receiving wood (waste). Physical transportation infrastructures such as de Vaart, road, and rail
transportation connect the entire wood ecosystem. Besides physical infrastructures, all these places
are tied to each other via wood (waste) transactions [49], each having a larger spatial, social,
and environmental impact that should be taken into account when monitoring.

The map in Figure 3 positions the materials bank within Leuvens’ larger wood metabolism.
It starts uncovering wood locations and flows in and around Leuven throughout the entire chain of
extraction, processing, consumption, and disposal. Spatial mapping was complemented with phone
interviews to understand different systems of nature management maintained by large public land
owners in Leuven (city, university, Flemish Forest Agency). It starts by building insights in different
wood types, sizes, and possible applications, puts new wood (waste) providers originating from
nature management on the working group radar, and expands the MBWG focus from the ‘end of the
chain’ to ‘extraction’ and ‘processing’ parts of the chain. In other words, the mapping and interviews
build an understanding of what types of information (e.g., wood stakeholder contacts, typically
available quantities, cycles of availability, wood dimensions and handling, etc.) are needed to work on
circularity in all parts of the wood chain. It is a highly specific (made to measure) approach, where
each different actor raises boundary conditions specific to its own mode of operation. Leuven’s actual
wood hinterland undoubtedly expands far beyond the administrative boundaries and also those of the
map below.

The short mapping exercise revealed that how wood flows depends equally on values, goals,
and definitions of the different involved parties. Furthermore, the mapping exercise showed that
wood (waste) flows are highly variable, depending on unpredictable events. For example, a bark
beetle plague killed 300 firs in 2019, which resulted in a lot of ‘waste’ wood or a buyer that no longer
picked up a leftover batch of wood from a nearby forest. In conclusion, site-specific bottom-up data
is required to get a precise grip on Leuven’s wood (waste) flows. Mapping information such as tree
species, associated wood types, and actors involved in the landscape maintenance appears equally
relevant as quantitative assumptions. An Arcgis database can connect this data to exact geographical
locations in order to make it useful for other actors engaging in the urban metabolism.



Sustainability 2020, 12, 10351 11 of 23

Sustainability 2020, 12, x FOR PEER REVIEW 11 of 23 

 
Figure 3. Wood locations and flows in and around Leuven throughout the entire chain of extraction, 
processing, consumption, and disposal. 

The short mapping exercise revealed that how wood flows depends equally on values, goals, 
and definitions of the different involved parties. Furthermore, the mapping exercise showed that 
wood (waste) flows are highly variable, depending on unpredictable events. For example, a bark 
beetle plague killed 300 firs in 2019, which resulted in a lot of ‘waste’ wood or a buyer that no longer 
picked up a leftover batch of wood from a nearby forest. In conclusion, site-specific bottom-up data 
is required to get a precise grip on Leuven’s wood (waste) flows. Mapping information such as tree 
species, associated wood types, and actors involved in the landscape maintenance appears equally 
relevant as quantitative assumptions. An Arcgis database can connect this data to exact geographical 
locations in order to make it useful for other actors engaging in the urban metabolism. 

Secondly, the materials bank development process identifies several relevant transition 
dimensions to be included in a monitor. The list below is far from complete, but nevertheless supports 
the argument built up in the introduction that dimensions beyond materials and energy optimization 
are relevant to monitor impacts and process results of bottom-up circular city projects. 

• Spatial dimensions: 

The entire materials chain should be taken into account (extraction, processing, consumption, 
and disposal). Wood (waste) flows can indeed originate from all locations where these different 

Figure 3. Wood locations and flows in and around Leuven throughout the entire chain of extraction,
processing, consumption, and disposal.

Secondly, the materials bank development process identifies several relevant transition dimensions
to be included in a monitor. The list below is far from complete, but nevertheless supports the argument
built up in the introduction that dimensions beyond materials and energy optimization are relevant to
monitor impacts and process results of bottom-up circular city projects.

• Spatial dimensions:

The entire materials chain should be taken into account (extraction, processing, consumption, and
disposal). Wood (waste) flows can indeed originate from all locations where these different material
related activities take place. In the case of wood flows in Leuven, this includes the forests where wood
is sourced, lumber stores, wood processors, sale points, application, and disposal sites. These sites
can be geographically located outside Leuven’s administrative boundaries. Logistical operations’
social as well as environmental impacts throughout the entire chain should be taken into account
when monitoring.

• Infrastructural networks and logistics:
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Transportation of wood (waste) during the entire chain should be taken into account as well in
order to be able to assess where infrastructural networks should be modified, reinforced, or created.
For example, making the nearby de Vaart quay side directly accessible for water bound transportation
would support the city’s circularity objectives in the neighborhood.

• Stakeholder network and dynamics:

Stakeholders vary widely over the entire chain and a relevant stakeholder network can endlessly
grow. A monitor should take into account that the overall circularity of wood flows in a territory
depends on operations tied to each of these stakeholders. This requires a continuous follow-up with
stakeholder ambitions and intentions. Missing stakeholders should continuously be added. In the case
of the materials bank, a kick-off workshop in December 2019 with an extended set of mainly public
stakeholders concluded that essential stakeholders such as social economy Wonen en Werken (‘living
and working’) were missing. Additionally, actors from the private sector such as building material
producers, demolition companies, logistics companies, and do-it-yourself companies that manage
important building material stocks were missing in the initial conversations [50].

Another important aspect is the modus of stakeholder collaborations. The last MBWG meeting
before summer 2020 made clear that clarity and transparency about intentions and expectations are key
throughout the entire process. The meeting took place in the materials bank warehouse to discuss the
progress and press launch planned in August. Due to the COVID-19 governmental lockdown between
March and May, very little progress had been made and the warehouse was almost empty. The meeting
developed in an uncomfortable atmosphere, bringing to the surface the fact that expectations between
the different involved parties differed. The city decided to cancel the planned press meeting and
started intensively coaching the MB initiators to develop their business plan. Indeed, industrial ecology
literature increasingly points to the importance of trust and general reciprocity in industrial symbiosis
projects [51].

• Circularity approaches:

Each stakeholder adopts his/her own approach to circularity. For example, the demolition and
building industry mainly focuses on circularity as recycling building materials (downgrading the
material), while there is also a large bottom-up community of repairing and sharing in Leuven. While all
of these practices contribute to the city’s overall circularity, they each operate within their own practical
understanding of circular economy. The monitor should also incorporate to what extent initiatives
contribute to a socially and environmentally just economy. For certain sectors, this might require
disruptive innovations and modified legal frameworks to allow for higher value material reuse.

• Financial structure:

The materials bank development process made it apparent that circular city projects do not easily
fit into classical business development schemes. Time pressure and limited and uncertain funding
largely depending on subsidies make it difficult to set clear targets, to plan ahead, and risk directing the
project into rather classical profit driven market models. After trying to realize circular wood activity
in a self-sustaining way, in September 2020 this activity was grouped with three other activities (wood
building and renovation projects, open workshops, and workshop events) in a new organization,
named Atelier Circuler. In this construction, the three other activities can financially compensate for the
currently non-profitable wood recirculation activity in the materials bank. This solution at first sight
seems to solve the economic equation, nevertheless it does not guarantee fulfilling the circular city
strategy mission to be environmentally and socially just. The subsidy provided by Circular Flanders in
early 2020 accelerated the city’s decision to support Sociaal Atelier and Reused to initiate a materials
bank in a warehouse at de Vaart rented by the city for two years, as part of the Horizon2020 POP
Machina project. As a return for this engagement, the city of Leuven stressed the need for Sociaal
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Atelier and Reused to develop a robust business plan that could make their materials bank financially
self-sufficient as soon as possible.

In this complicated financial reality, the monitor would ideally guide the materials bank project
towards a business model taking into account social and environmental externalities both locally and
globally. It should incorporate how money flows within the project and to what extent it contributes to
‘regenerating nature’ and ‘redistributing resources’ fairly, as illustrated with the key principles of a
doughnut economy [18].

Exchanges between the MBWG and the Flemish Forest Agency for example brought to the surface
an interesting alternative financing system coming down to ‘wood for work’. Such an exchange
system could be an opportunity for the materials bank to contribute to the economic paradigm change
independent from conventional financing systems that do not take into account negative externalities,
as they also exist in wood trading.

• Legal aspects (Policy)

As part of the urban development plan to accommodate circular economy activities in the de Vaart
area, the materials bank development process brought to the surface legal conditions that limit circular
activities. For example, an interviewed demolition company processing wood waste from demolished
buildings to turn it into semi-finished products such as fibers to burn (cat. B wood) or chipboards
(cat. A wood) raised the question of why the materials bank would legally be allowed to upcycle
materials when this company is only allowed to process these materials into semi-finished products.
In conclusion, Flemish regulations labeling reclaimed materials as waste or not waste is a current
bottleneck that is preventing a circular economy from accelerating.

In summary, the materials bank project is gradually taking shape ‘on the go’, flexibly adapting to
possibilities and opportunities as they present themselves. For example, Sociaal Atelier and Reused were
taken on board to execute the project after they were granted a subsidy by the OVAM. The warehouse
was selected from a few possible locations and is now leased with budget from European POP Machina
project. Wood (waste) inflows are gradually tested and selected through new contacts, site visits,
and tests with for example landscape managers. Inspirations come from various inputs, such as
exchanges with other building materials banks such as ROTOR Brussels and Buurman, Rotterdam.
After a virtual Rotterdam visit, the Leuven materials bank for example started developing a ‘city wood
line’, producing kitchen planks from reclaimed wood from a deconstructed nearby historical building.
Gradually, different pieces of the puzzle start falling into place for the materials bank as one project
within a larger strategic vision for a circular city.

The above reflects the inherent ‘messiness’ of a circular city transition project. It touches upon
multiple dimensions (legal, technical, financial, and human interactions and normative frameworks)
that are all interrelated in the transition. The key challenge is to capture this complexity when evaluating
the material bank impacts.

3.2. How to Monitor the Performance of A Materials Banks, and How to Link This Performance to A City-Wide
CE Monitoring?

While several material banks, or, by extension, industrial symbiosis systems, are operational and
projects supporting such initiatives with tools are in place [52], no comprehensive monitor directly
applicable for this kind of project has been developed yet. At a more general level, knowledge
development in the assessment of circularity of projects is premature. Only one example was found,
developed within the H2020 SCREEN-Lab project [53]. In this tool, the scores on nine criteria are
aggregated into one number expressed in euros. In the criteria, there is a strong focus on waste and
recycling. Criterion selection seems to have been driven by data availability. Due to the aggregation
into one number and the very limited attention for indirect effects of projects, a rather narrow focus
to CE is being provided. On the other hand, the tool highlights a few key elements of circularity
assessments: avoided virgin input, avoided waste, and reduced climate impact.
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To make a start with a monitor for a materials bank, in first instance, transactions can be listed
and details can be gathered (see Figure 4). Every shipment of left-over wood that finds a secondary
application can be expressed as avoided waste and also as avoided emissions in terms of the carbon
sequestration property of wood. Moreover, the avoided virgin materials in the process to convert the
wood into a secondary application can be added as well in the assessment. Next, emissions due to the
involved logistics and the process to obtain a secondary application need to be added as well. Other
impact categories beyond greenhouse gas emissions could be included using Life Cycle Assessment
(LCA) [54].
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bank performance.

A next challenge is to assess circularity by comparing the quality of the secondary application
with the original one. In a CE, materials are meant to be used at their highest application potential for
as long as possible [17]. If the secondary application would be the same or very similar in quality to
the primary one, this is to be preferred. As an example, wood beams converted to particle boards are
to be valued lower than wood beams converted to smaller beams in a subsequent application. Tools to
quantitatively assess such forms of cascading are still in development [48]. For the moment, a number
of other parameters could be measured, like the size or contamination degree of wood beams.

For the materials bank as a whole, the above numbers on avoided virgin inputs, avoided waste,
and avoided emissions need to be summed and lumped with operational data from the materials bank
infrastructure, like the emissions of its warehouse. These overall data could next be integrated into the
city-level material flow analysis and emissions. Also aggregated circularity scores would be desirable,
in so far as they could be available for individual transactions and in so far it would be possible for
instance to add up data on cascading. A materials bank could also provide local jobs and activities and
contribute to a resilient city economy. Proxy indicators for these aspects could be the revenue and
the amount of direct jobs generated [54], which can on their turn be integrated into the overall city
economic numbers.

Taking a wider perspective of the materials bank as one pilot project within a city-wide effort to
become circular, the materials bank would benefit from spatial mapping of wood metabolism in the
hinterland of the materials bank, as was explored by the UDR (see Figure 3), allowing us to reveal
potential actors, along with available or expected materials and demands. This could prepare the way
for growing the materials bank from an initiative taking care of leftovers into a platform managing and
optimizing wood flows in the hinterland. As discussed in the previous section, this hinterland is not
identical to the administrative boundaries of the city, but there will be a large overlap.

It is very clear from the above that data gathering will be a major bottleneck in such bottom-up
data gathering. The Amsterdam example mentioned in the introduction is illustrative of the time and
effort that go into the creation of new datasets [36]. The Flanders example has been elaborated up to
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the level restricted by openly available data [55]. In the latter study, data from open sources, in most
cases from the respective government instances or organizations with related duties, have been used.
The research has revealed that an improved version of a monitor could be made if access could be
provided to more detailed data on products and materials and their use, which are often protected
for reasons of privacy, intellectual property, or commercial value. Hence stakeholder interaction
and collaboration will be crucial in order to make progress, as these variables will determine the
availability and quality of the data. Indeed, additional efforts would be required from actors engaging
in a materials bank transaction, as they need to deliver details e.g., on quality of the wood, on the
applied process, and/or on the secondary product. In the start-up phase, the assumed positive attitude
around the project might perhaps translate into openings for creating and sharing the data. In the
course of time, stakeholder management would have to grow as such that stakeholders transfer data
from an idea of individual gain, like the ability to increase the value of transactions, while contributing
to a broader gain, i.e., developing products and using materials with a better sustainability profile in a
resilient local economy system.

Besides quantitative data and indicators, Section 3.1 makes clear the need for an evaluation and/or
guidance framework that incorporates all relevant dimensions and scales. One recently developed
framework may be very helpful in this context. The City Doughnut model mentioned before frames
urban transition via four lenses that, applied to Leuven’s materials bank project, could serve as guiding
questions to be taken along in the development process [24]:

n What would the materials bank mean for the people of the city to thrive? The materials bank can provide
local production and local employment (including the social economy), with the potential to
contribute to an inclusive and resilient city where different actors are in fact helping each other by
exchanging material flows.

n What would the materials bank mean for the city to thrive within its natural habitat? The materials bank
can become a component in realizing local and sustainable wood flows, while contributing to the
reinforcement of natural infrastructures and habitats.

n What would the materials bank mean for the city to respect the wellbeing of people worldwide? In a
global context, the activities of the materials bank could contribute to fairer consumption by
excluding exploitation of people in any part of the wood supply chain. While this may seem a
long shot, compare for instance alternative labor and societal conditions in wood harvesting in
distant countries.

n What would it mean for the city to respect the health of the whole planet? The materials bank could be
seen to contribute to decreasing deforestation in distant regions by using locally obtained inputs,
as such helping to balance natural cycles worldwide, thereby enabling nature to regenerate from
any wood flow impact.

These questions could be answered to a limited extent via the integration of data on material
flows, saved emissions, and jobs into the city-wide numbers. However, monitoring elements like
quality of jobs or resilience of the economy and demonstrating evidence in causal relations with
broader effects worldwide is much more challenging and can for the moment only be touched upon in
qualitative ways.

4. Discussion

This paper navigates within the so-called policy-practice-science interface, a topic which urban
metabolism researchers continue to explore [56] to push the boundaries of their own disciplines while
contributing to real world impacts. Weichselgartner et al. [57] identify barriers to knowledge transfers
between science, policy, and practice such as “divergent objectives, needs, scope, and priorities; different
institutional settings and standards, as well as differing cultural values, understanding, and mistrust”.
The authors advocate for “knowledge systems . . . that overcome technocratic reductionisms, integrate
an extended range of sources and types of information, and engage in the collaborative production of
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knowledge through the interaction of producers and users, thus enhancing the quality of associated
decision making.” [57] They furthermore acknowledge that properly embedding knowledge transfer in
research processes and policy making requires time, space, and financial resources [57,58]. Perrotti adds
the importance of clearer engagement with the political space and power relations into which planning
processes are embedded [58]. The goal of this paper has been to produce knowledge useful for policy,
practice, as well as science.

4.1. Bottom-Up Data Gathering

The above sections have described that current top-down data collection, and monitoring at the
urban level is limited to openly available and accessible datasets that have been gathered in contexts
different from CE. Bottom-up data collection can be a complementary pathway, nevertheless requiring
enhanced stakeholder interaction. However, given concerns on intellectual property, commercial
positions, and/or privacy, data owners’ reluctance to share will only be overcome if they understand
the added value from their own perspective. In this respect, a project like the materials bank may
show an avenue to engage stakeholders, as the success of a materials bank (or any other circular city
initiative) can only be built upon the positive support of a group of stakeholders. The materials bank
project can also be seen as a learning experience; capturing the learnings can best take place when data
are available to evaluate its performance, which is in fact required to maintain support from investors,
local politicians, and participating stakeholders. The start-up phase of the materials bank provides a
crucial moment to consider which data would be ultimately needed to demonstrate impacts to make
sure that immediate and maximal advantage is obtained from stakeholder collaboration in the project.

While some of these data may be readily available, sometimes more complex assessments of
logistics, production processes, and assumptions on the future use of products may be desired. Data on
quality of wood, data allowing comparative assessments of different ways in which circularity of
transactions could be materialized and more refined economic performance data including externalities
would be especially needed. Moreover, aggregating such multidimensional properties into numbers
is not possible in a standardized way, and sometimes trade-offs can be encountered: e.g., how to
compare a long-lasting product with one that is easily dismountable [16,48]. A major question for
this paper is what are the (new) types of datasets feeding the materials bank evaluation. A thorough
investment in further identifying and selecting wood waste flows through stakeholder interviews
and spatial mapping could be a way forward, as was briefly discussed in Section 3.1. Such efforts in
mapping urban metabolism might also open up towards a future broadening of the materials bank
from a platform trying to make the best of leftovers towards an optimal local management of wood
metabolism in the city. In this context, it is important to realize that the hinterland of the materials bank
does not coincide with the administrative boundaries of the city, though given its physical location in a
city, the overlap with the hinterland of the city will be very large.

The meso level of a materials bank can help to bridge top-down versus bottom-up approaches in
data gathering. While top-down data gathering risks getting stuck in making a (too) rigid framework
to present data that is not able to capture the dynamics of a transition, bottom-up data gathering may
result in diverse data sets that are difficult to link into a transition story. A focus on those data that are
able to demonstrate real impacts in terms of direct results and broader effects of running projects may
lead to tangible progress in transition monitoring. With this focus in mind, bottom-up data collection
can be tailored towards the needs of the project, while a later integration of such performance data in a
city monitor will help its further tailoring towards monitoring the impact on city transition.

In this case study, the materials bank project has been rather framed as a methodologically ideal
concept, in contrast to the current state of the project, which is in a germination stage. While based
on the perspective of this paper the materials bank is not to be seen as instrumental with respect to
the ideal concept, the difference between the ideal picture and the current state has repercussions
on the expectations with respect to data gathering. Specific advices on data gathering have been
given above, but the pressure of making the project run in the current start-up phase may simply
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not allow much room for dedicated data gathering—on the contrary, this would most probably be
considered as a supplementary, undoable effort. In order to move beyond this bottleneck, it may be
helpful to realize that attaching data to materials in fact prepares the way for value creation. The more
specific data on the materials created and gathered, the more value generated from transactions in the
materials bank (also beyond monetary value). At the same time, these data will most probably be also
the ones making the real impact of the materials bank visible. The efforts to gather data need to be
clearly considered in the materials bank management as an investment which will pay off in terms of
improved performance of the project. As a first step, the materials bank is already digitally labeling
incoming and outcoming materials.

4.2. Monitoring Broader and Indirect Effects

The elements discussed in Section 3.2 for monitoring a circular city project are still quite materials
and energy focused. The only more societal dimensions are the revenue and the creation of new jobs.
Following Wallin’s classification of living lab approaches [59], from a ‘technocratic’ point of view,
wanting to assess and evaluate the materials bank’s circularity performance narrows the focus down to
avoiding waste and emissions by closing building material loops. On the other hand, when considering
the materials bank from a sociocratic point of view within a larger societal transition, e.g., towards
an environmentally and socially just city, the materials bank development mediates in complex actor
settings by investigating combinations of interrelated problems beyond optimizing wood flows.

In order to expand monitoring beyond the level of technical performances of material flows
towards broader economic, social, and environmental effects, the data gaps are very prominent and pose
a risk in themselves, as data availability may shape the lenses through which the materials bank will
be evaluated. Indeed, developing indicators is not a neutral endeavor, as they may eventually become
connected to project targets, especially in those areas where setting the target is still in development.
As an example, while it would be ultimately desirable to demonstrate the extent to which the materials
bank is contributing to a local and resilient economy, an immediately available proxy parameter would
be the revenue of the materials bank. Focusing on the revenue, while an increase could be considered
at first instance as an evolution worth striving for, it is doubtful whether an increasing revenue would
automatically align with a local and resilient economy. If such a parameter would become a leading
one later on to judge the materials bank performance, it may rather push the materials bank towards a
mainstream, profit-driven economic management, thereby losing any opportunities to reinforce the
local economy and society. It also connects to the discussion above on subsidies; while being able to
work without subsidies may seem like an ideal short-term target for the project, it may also accelerate
the project towards the mainstream economy. As introduced in Section 3.2, the so-called City Doughnut
has the potential to be helpful in this context. The integration of data of the materials bank into a wider
city monitor will allow us to demonstrate its contribution to the broader effect of the city in part.

4.3. Developmental Evaluation of the Transition Process

Section 3.1 has reconstructed the so called ‘messy’ process of the materials bank that is inherent to
societal transitions. From that perspective, the uncomfortable MBWG meeting in June 2020 might have
been the result of an imbalance between involved parties’ expectations and agreements on where to go
and what to prioritize. Pushed by financial and operational targets that understandably do not leave
much time, space, and resources for ‘learning and experimenting’, avenues that could truly lead to a
regenerative and redistributive economy, such as alternative exchange systems outside the monetary
system (e.g., wood for work) get little attention while the focus on developing a robust business plan is
prioritized. From the perspective of this paper, the key challenge for the MBWG is to be mindful of
the unavoidable tensions between a business-as-usual financial model vs. a utopic project with an
unknown pathway while the surrounding financial flows are still following conventional criteria.

In regards to monitoring, acknowledging the materials bank as a sociocratic living lab,
other developmental evaluation tools than quantitative indicators are required. From this perspective,
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connecting involved stakeholders in a learning network offering space to learn and explore is crucial.
It should provide a built-in learning strategy to learn while experimenting and to make sure the right
people talk to each other and information is successfully distributed and exchanged. Previously, it has
been argued that the beginning of a project is a crucial time to set up data gathering and to consider
what to start to measure. This imposes a lot of pressure to immediately do the right things in a right
way, which is impossible given the ‘messy’ context of a transition. Instead, the focus on monitoring
needs to be as well on learning, as it will gradually take shape along the way. Hence both the materials
bank and the monitor are going back and forth between testing and reflecting, digging into the concrete
and wondering what to monitor and how to do it through mixed methods and continuously connecting
scales and levels.

4.4. Clarifying and Resolving Legal Bottlenecks

Coming to the license to operate the materials bank, the description above might suggest that it
is operating in a kind of shadow zone, trying to make the best use of leftovers which are not always
well documented. However, materials bank transactions need to take place in full conformity with
waste regulations. For a smooth performance of the materials bank, additional efforts will be needed
as every transaction has to be checked against regulation, and in some of the transactions obtaining
effective permission for further use will require additional actions. Uncertainties on the possibilities of
particular inputs will be present as long as a permission has not been granted. The evolution of the
materials bank would be helped a great deal if a more general framework for judging transactions
would become available, or via the creation of a temporary zone in the materials bank hinterland in
which regulation is being applied less strictly. Solving this bottleneck would also enhance stakeholder
interactions. However, this cannot be solved from the city level, as waste regulations are usually
installed from the regional or state level. The stakeholders of the materials bank, among which a
number of experience experts on regulation can surely be found, could be in first instance consulted
for defining an approach how to solve this bottleneck.

4.5. Lessons Drawn for the Management of the Materials Bank

A few concrete lessons can be drawn for further development of the materials bank, as well as
other circular city projects in relation to circular city monitoring:

- Organize bottom-up data collection for circular city monitoring from the very start
- Set up an organizational system to facilitate contact and data exchange between stakeholders.

e.g., an open source map geographically locating stakeholders in the material flow ecosystem,
including relevant information on their potential roles in circular flows.

- Acknowledge and take into account the difficult path to defining new roles and engagements
with all stakeholders and to achieve collaboration in an atmosphere of trust and transparency
with clear expectations and hesitations.

- Define the role of the local government as flexibly as possible: from a facilitator and supporter to
an intensive business coach and data harvester, simultaneously capturing bottlenecks in other
forms of legislation.

- Pay attention to the different circular economy approaches and to what extent they contribute to
an environmentally and socially just city.

5. Conclusions

In this case study, tensions taking place in transition, transition monitoring, and the interplay
between the two have been described. These can be summarized as an interplay between a more
divergent approach, from a concern to really transition towards certain goals, and a more convergent
approach, from the need to report progress and provide feedback. These tensions trickle down to a
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number of tangible findings when it comes to gathering data and building up a monitor integrating
components that are essentially not measurable.

Firstly, the case study shows that designing a monitor for circular city projects simultaneously
requires designing the process in which such a monitor takes shape, is tested and evolves. Given the
high complexity and uncertainties inherent to circular city transition, this means that a circular project
monitor should closely interact with the process it is monitoring. More concretely, such a monitor
should function as a sounding board throughout all project phases, feeding and receiving feedback
from the project development process. As such, it should strategically respond to what is unfolding, as
an evolving tool supporting developmental evaluation in circular city transition supporting ongoing
learning and direction changes, developing new monitoring mechanisms as goals evolve and emerge,
as well as producing context-specific understandings capturing interdependencies [30].

Furthermore, in order to take into account societal and environmental dimensions at local and
global scales, quantitative energy, materials, and job creation indicators should be complemented
with a qualitative framework. The combination of quantitative indicators and qualitative guidelines
creates ‘space’ for developmental evaluations that are crucial to transition incorporating geographical
scales and transition dimensions. The City Doughnut guiding questions can serve as an example of
such qualitative guidelines. Acknowledging the tensions between a ‘messy’ transition process and
a monitoring to be based on measurable data, pressure can be removed from the ambition to reach
quantitative targets, as ‘developmental’ evaluation of the transition process goes hand in hand with
the challenges in data governance. While a focus on harder targets and indicators is an essential part
of project management, in the context of the more messy transition work, it needs to be balanced
with critically questioning the current project course against initial ambitious (and perhaps practically
unmeasurable) goals; meeting these goals will in the end determine whether the project was truly
successful. If the required data are not immediately available, a premature choice for proxy indicators
could be considered, but the associated risk of locking-in the materials bank prematurely into the
existing economic paradigm needs to be critically assessed over time.

As a next step, further attention will have to be devoted to the particular challenges with respect
to data governance, which appeared as a major bottleneck in this case study. On the way towards an
enhanced data governance, protection of intellectual property, of commercial value or of information
revealing the business position of companies, or a more general reluctance to share data when the
associated benefits are not clear may all hamper data sharing for monitoring purposes. To solve such
complex issues, additional research on the legal aspects of data use is recommended. Investing in
and setting up further research on intense stakeholder engagement is recommended as an avenue to
make real progress in data availability and accessibility. When such processes are set up, together with
making the connection between data gathering and bottom-up projects that are already happening
(such as the materials bank in Leuven), the potential to accelerate the process to compile a monitor
may be revealed. The dynamism of motivated stakeholders and their trust-based partnerships could
be connected from the very beginning to data gathering showing core results and broader effects of
such projects, and, by extension, showing part of the city-wide transition monitoring. At the same
time, the gathered data will help to accelerate the impacts of projects themselves.

All of the above could be equally well applied to other circular projects taking place in cities,
like repair cafés or circular (e.g., packaging-free) shops. Facing similar challenges but also having their
particular contexts, this would create additional learning opportunities. In this respect, it has to be
mentioned that circular initiatives are all too often taken for granted as being beneficial or are seen
as bearing the potential to bring major change, but only with good data and systems thinking can
such claims be thoroughly and truthfully investigated [55]. In the end, it needs to be understood that,
instead of being a mere cost, investments in bottom-up data gathering through stakeholder networks
effectively prepare the way for increasing material value and will eventually pay off in increased
project performance.
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