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Summary

Circularity has become a central pillar of future-proofing the infrastructure
sector. Involving strategies to retain value and decrease environmental impacts
through various resource loop principles, circularity encompasses new
approaches to designing, organizing, and managing, fundamentally altering the
infrastructure sector. Bio-based substitute materials in road construction, a
modular approach to bridge design, and the reuse of sheet pile walls in rivers
are a few examples of such circular civil engineering practices. Despite the
ambitious goals to achieve a circular infrastructure sector, the actual
implementation of measures that contribute to circularity lags behind. This
implementation gap can be largely attributed to an isolated and technology-
focused approach to circularity implementation. To address this gap, this
research focuses on the interplay between infrastructure, social dynamics, and
institutions, also known as a socio-technical system. As such, this dissertation
views circular infrastructure from a socio-technical perspective.

When considering the fundamental change towards a circular
infrastructure sector as a systemic socio-technical change, one can speak of
transition. Such transitions are complex, multi-decade change processes that
comprise major uncertainties. These systemic changes proceed with high
interdependencies between and a co-evolving nature of physical elements (e.g.,
infrastructure assets and innovative materials), social elements (e.g., actors and
relations), and institutional elements (e.g., sector culture and construction
legislation). Given these transition characteristics, the objective of this
dissertation is to generate the insights needed to further the transition towards
a circular infrastructure. Accordingly, the dissertation sets out to address how
socio-technical change towards a circular infrastructure sector can be
anticipated and steered, indicating a comprehensive approach to understanding
and managing the intricate and unpredictable nature of this socio-technical
system. In doing so, the research question addressed in this dissertation is:

How can the mission-oriented transition towards
circular infrastructure be governed?

This question is addressed in five individual yet interconnected studies that are
each elaborated in a separate chapter. The main approaches and findings of
these studies are summarized below.

Chapter 2 explores the systemic barriers hindering the transition towards a
circular infrastructure sector, employing the Mission-oriented Innovation



System (MIS) framework. The interview-based analysis reveals three self-
reinforcing vicious cycles: (1) the circularity contestation cycle; (2) the
knowledge diffusion cycle; and (3) the innovation cycle. The circularity
contestation cycle illustrates the fragmented understanding of circularity within
the sector, leading to a lack of unified direction and slowing the adoption and
upscaling of circular practices. This cycle is intertwined with the knowledge
diffusion cycle, where limited circularity knowledge within organizations
hampers learning and practical application, consequently impeding the
upscaling of circular solutions. The innovation cycle, characterized by
prescriptive procurement methods and a risk-averse sector culture, further
hinders the adoption of more radical, innovative, circular alternatives. This
underscores the need for systemic interventions to disrupt these cycles,
emphasizing the need for a sectoral approach to overcome the barriers. Here,
the contestation of the circularity concept stands out as a fundamental root
cause affecting all cycles.

Investigating the perceptions of circularity in Dutch infrastructure, Chapter
3 employs Q-methodology to understand the diversity of perspectives of
infrastructure practitioners and their alignment with the formal circularity
mission. The study identifies three clusters of perspectives that represent
distinct socio-technical imaginaries. These imaginaries vary from a design-
oriented perspective aimed at reducing waste to systemic revisions of
infrastructure practices in order to lower environmental impact. Notably, these
imaginaries diverge significantly from the formal government strategy, which
might lead to ineffective implementation efforts. This results in the
identification of two approaches for policymakers to deal with this contestation:
(1) constructive approaches to converge understandings and (2) agonistic
governance that embraces contestation to breach standstills acknowledging the
divergent views. In conclusion, understanding and reconciling formal strategies
and the various perspectives is crucial to effectively advance the circularity
transition.

Addressing the question of how transitions towards a specific mission, such
as circularity, can be governed, Chapter 4 introduces the mission-oriented
transition assessment (MOTA) as an approach to guide stakeholders in mission-
oriented transitions. Building upon participatory, anticipatory, reflexive, and
tentative governance modes, MOTA facilitates stakeholders in collectively
appraising current and future socio-technical changes. Through socio-technical
scenarios in the context of circular infrastructure in the Netherlands, the MOTA
application reveals the dual role of infrastructure clients as both enactors and
selectors of circular solutions. Moreover, results highlight the importance of
balancing the feasibility of incremental changes and the need for radical
solutions for circularity, advocating for frameworks such as small wins and



radical incrementalism. Chapter 4 shows how the MOTA approach enables
stakeholders, including policymakers, to deliberatively anticipate feasible steps
towards a circular infrastructure, ensuring long-term transformative change.

With Rijkswaterstaat as a case organization, Chapter 5 examines how
infrastructure client organizations respond to institutional pressures resulting
from the circularity mission. Using the concept of institutional logics, the study
identifies tensions between existing organizational processes and upcoming
circularity-focused activities. The research reveals that opportunities for
circularity with the highest impact arise in the early stages of infrastructure
management, while the logics that allow for circularity only come into play in
the relatively fixed project stages. To effectively integrate circular principles, the
research suggests a need for the deliberate engagement of circularity experts in
the asset management and pre-project stages. The findings highlight the
essential role of aligning different institutional logics within organizations to
facilitate the integration of circularity in infrastructure management processes.

Finally, Chapter 6 investigates how the innovation ecosystem concept can
support collaborations to innovate for addressing circularity challenges in
infrastructure. Based on innovation literature, the study identifies four critical
traits of innovation ecosystems: (1) diverse actor involvement; (2) strategic
actor alignment; (3) shared value propositions; and (4) relational governance.
By examining unconventional, project-transcending initiatives in the Dutch
infrastructure sector, findings suggest that innovation ecosystems, by fostering
long-term, cross-sectoral relationships, are well-suited to introduce solutions
that transcend traditional supply chains. However, adopting this perspective
requires a cultural shift towards trust-based relationships and a reconfiguration
of economic systems and business models. The chapter emphasizes the need
for value-based contracting, partnering, and facilitating trust in collaborative
transformations to address the long-term societal and sectoral challenges in
circular infrastructure development.

Taking these chapters together, this dissertation addresses how socio-technical
change towards a circular infrastructure sector can be governed. At the sectoral
scale, the transition is identified as a collective challenge, necessitating an
integrated response from all stakeholders. Government leadership is crucial, not
in the sense of dictating each step, but in fostering convergence and awareness
towards a unified circular future. This convergence is achievable through
reflexive governance, integrating diverse perspectives and encouraging a
reevaluation of established practices and norms. This approach, coupled with
participatory, anticipatory, and tentative governance modes, forms a
comprehensive framework to navigate the complexity and uncertainty of the
transition.



The inter-organizational scale reveals that traditional public-private project-
based approaches are inadequate for the interconnected nature of circular
infrastructure challenges. A shift towards more relational, collaborative
methods is essential. Framework agreements, alliances, and programmatic
approaches emerge as promising strategies to overcome project-specific
barriers and foster networks for industrial symbioses, crucial for establishing
circular resource loops. These approaches demand a balance between long-
term visions and the flexibility to adapt to evolving circumstances and
interactions with other societal challenges.

On the organizational scale, the challenges lie in integrating circular
principles within existing infrastructure management processes. Organizations
must institutionalize processes that result in circular outcomes and embrace the
societal challenge logic to ensure the comprehensive incorporation of circular
solutions. This requires fostering an understanding across different
organizational logics, promoting cross-departmental collaboration, and aligning
asset management and planning processes with circular principles.

In conclusion, the transition to a circular infrastructure sector demands a
nuanced, multi-level governance approach that integrates sectoral, inter-
organizational, and organizational perspectives. This requires a guiding attitude
from governments yet a collective effort from all stakeholders, including
contractors, researchers, and suppliers, each playing a distinct but
interconnected role. The complex and uncertain path forward requires
embracing new governance modes, fostering collaborative relationships, and
reimagining organizational practices to achieve a sustainable, circular future in
infrastructure.



Samenvatting

Circulariteit is uitgegroeid tot een centrale pijler in de strategieén naar een
toekomstbestendige infrasector, ook bekend als de grond- weg- en waterbouw
(GWW). Circulariteit omvat strategieén die waardebehoud en milieu-
impactreductie beogen door middel van verschillende principes die het
vertragen, sluiten, versmallen en regenereren van materialencycli tot doel
hebben. Deze strategieén vragen om nieuwe benaderingen voor het ontwerpen,
organiseren en beheren van infra, welke fundamenteel nieuwe processen en
werkwijzen vereisen. Voorbeelden van circulaire innovaties uit de Nederlandse
praktijk zijn bio-based materialen in asfaltwegen, modulair brugontwerp en
hergebruik van damwanden. Ondanks de ambitieuze (beleids)doelstellingen om
een circulaire infra te bereiken, blijft de daadwerkelijke implementatie van
maatregelen achter bij de doelen. Deze gebrekkige implementatie kan
grotendeels toegeschreven worden aan een geisoleerde en technologiegerichte
aanpak rondom de huidige circulariteitsimplementatie. Om dit door een meer
systemische bril te bekijken, kan de infra benaderd worden vanuit de
wisselwerking tussen de fysieke infrastructuur, sociale dynamieken (o.a. relaties
tussen actoren) en instituties (0.a. cultuur en regelgeving). Deze benadering
staat ook bekend als een socio-technisch systeem. Dit proefschrift richt zich dan
ook op de circulaire infrastructuur vanuit een socio-technisch perspectief.
Wanneer men de fundamentele verandering naar een circulaire infra
benadert als een systemische en socio-technische verandering, wordt
gesproken van een transitie. Dergelijke transities zijn complexe, meerjarige
veranderprocessen vol onzekerheden, waarbij de co-evolutie van fysieke,
sociale en institutionele elementen centraal staat. Het overkoepelende doel van
dit proefschrift is om de transitie naar circulaire infrastructuur beter strategisch
te navigeren, waarbij systemische belemmeringen naar boven gehaald moeten
worden om passende aanpakken te ontwikkelen. Dit vereist een systemisch
perspectief dat de complexiteit en onzekerheid, die inherent is aan dergelijke
transities, omarmt. Zo beoogt het proefschrift de inzichten te verkrijgen die
bijdragen aan het bevorderen van de transitie naar een circulaire infrasector.
Daarbij wordt gekeken naar hoe socio-technische veranderingen naar een
circulaire infrastructuursector kunnen worden voorzien en gestuurd, waarbij
rekening wordt gehouden met complexe en onzekere aard van dit socio-
technische systeem. Dit leidt tot de volgende centrale onderzoeksvraag:

Hoe kan de missie-georiénteerde transitie naar
een circulaire infra worden gestuurd?



Hierbij wordt beoogd om zowel academisch publiek te bedienen met inzichten
over de missie-georiénteerde aard van de circulariteitstransitie als
beleidsmakers en koplopers in de sector met aanpakken en inzichten om de
transitie te stimuleren en te sturen. De bovenstaande onderzoeksvraag wordt
in de dissertatie middels vijf afzonderlijke studies beantwoord, die elk in een
apart hoofdstuk zijn uitgewerkt. De afzonderlijke aanpakken en belangrijkste
bevindingen worden hierna per hoofdstuk besproken.

In hoofdstuk 2 zijn de systemische barrieres onderzocht die de transitie
naar een circulaire infra belemmeren, waarbij gebruik wordt gemaakt van het
missie-georiénteerde innovatiesysteem (MIS) raamwerk. De analyse onthult
drie vicieuze cycli die remmend werken op de transitie: (1) de circulariteit-
contestatiecyclus; (2) de kennis- en opschalingscyclus; en (3) de innovatiecyclus.
De contestatiecyclus illustreert de onenigheid, of contestatie, rondom het
circulariteitsbegrip binnen de sector, wat leidt tot een gebrek aan eenduidige
richting en het vertragen van de adoptie en opschaling van circulaire praktijken.
Deze cyclus is verweven met de opschalingscyclus, waarbij beperkte capaciteit
voor kennisborging en -diffusie van circulariteit binnen organisaties het leren en
de praktische toepassing, en daarmee de opschaling, belemmert. De
innovatiecyclus, gedreven door voorschrijvende inkoopmethoden en een
risicomijdende cultuur, belemmert de adoptie van innovatieve circulaire
alternatieven verder. Deze negatieve causaliteit toont de noodzaak aan om deze
cycli te doorbreken met systemische interventies in plaats van slechts de
symptomen te bestrijden. Hierbij valt de contestatie van het
circulariteitsconcept op als een fundamentele belemmering die alle cycli
beinvloedt, en die daarom nader onderzoek behoeft.

In het onderzoek naar de contestatie van de percepties van circulariteit in
de Nederlandse infra, maakt hoofdstuk 3 gebruik van een Q-methodologie-
aanpak om de verscheidenheid aan percepties binnen de infrapraktijk en de
aansluiting op de formele circulariteitsmissie beter te begrijpen. Op basis van 34
infraprofessionals zijn drie clusters van perspectieven geidentificeerd die
verschillende socio-technische percepties vertegenwoordigen. Deze percepties
variéren van een ontwerpgerichte aanpak voor circulaire infrastructuur gericht
op afvalvermindering tot systemische herzieningen van infrastructuurpraktijken
om de bredere milieu-impact te verlagen. Opvallend is dat deze percepties
aanzienlijk afwijken van de formele overheidsstrategie. Deze richt zich
voornamelijk op regulering en standaardisatie en hier zijn de door professionals
geprioriteerde oplossingen grotendeels afwezig. Het hoofdstuk suggereert twee
governance-benaderingen om met deze contestatie om te gaan. Een
‘constructieve benadering’ helpt om begrip te kweken en de verschillende
perspectieven op circulariteit te convergeren. Daarnaast kan de ‘agonistische
benadering’ gebruikt worden wanneer afstemming onhaalbaar wordt geacht.
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De bevindingen benadrukken de fundamentele moeilijkheden van de
uiteenlopende perspectieven en roepen op tot een actievere afstemming van
formele strategieén met de verschillende perspectieven om de overgang naar
circulariteit te bevorderen.

Op basis van de inzichten in de systemische barriéres, is in Hoofdstuk 4 het
missie-georiénteerde transitie-assessment (MOTA) raamwerk ontwikkeld als
een benadering om infra-actoren beter in staat te stellen om strategisch te
handelen en beleid te informeren in missie-georiénteerde transities.
Voortbouwend op participatieve, anticiperende, reflexieve en tentatieve
governance-modi faciliteert MOTA-belanghebbenden in de beraadslagende
anticipatie van huidige en toekomstige socio-technische veranderingen.
Middels socio-technische scenario’s in de context van circulaire infra in
Nederland, benadrukte een georganiseerde MOTA-workshop de dubbele rol
van opdrachtgevers in de infra als zowel uitvoerder (enactor) als beoordelaar
(selector) van circulaire oplossingen. Daarnaast laten de resultaten het belang
zien van het balanceren van incrementele en radicale oplossingen voor
circulariteit om zowel het systemische karakter van transities als de
haalbaarheid te waarborgen. Governance-aanpakken als het small wins
raamwerk en radicaal incrementalisme bieden hiervoor goede
aanknopingspunten. Hoofdstuk 4 laat zien hoe de MOTA-benadering
belanghebbenden, inclusief beleidsmakers, in staat stelt om te anticiperen op
haalbare stappen naar een circulaire infrastructuur doordacht en in onderlinge
beraadslaging, waarbij zorg wordt gedragen voor langjarige en radicale
missiedoelstellingen.

Zulke missie-georiénteerde transities hebben grote implicaties voor
individuele organisaties. Met Rijkswaterstaat als casusorganisatie, is in
hoofdstuk 5 onderzocht hoe opdrachtgevers in de infra omgaan met de
institutionele druk als gevolg van de circulariteitsmissie. Met behulp van het
institutional logics-concept identificeert de studie spanningen tussen bestaande
organisatorische processen en nieuwe, op circulariteit gerichte activiteiten.
Zulke logics vertegenwoordigen een bepaald gedeeld waarde- en
handelingskader voor individuen. Het onderzoek laat zien dat terwijl kansen
voor circulariteit met de grootste impact op de infra zich in de vroege stadia van
infrastructuurbeheer voordoen, de logics die circulariteit ondersteunen pas in
de relatief late en rigide projectfasen dominanter worden. Om circulaire
principes effectief te integreren, roept het onderzoek op tot het doelbewust
meenemen van circulariteitsexperts in de fasen van asset management en in de
pre-projectfasen. De bevindingen benadrukken het belang van het afstemmen
van verschillende institutional logics binnen organisaties om de integratie van
circulariteit in assetmanagement-processen te vereenvoudigen.
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Tot slot is in hoofdstuk 6 onderzocht hoe het concept van innovatie-
ecosystemen samenwerkingen in de infra kan ondersteunen om te innoveren
ten behoeve van langjarige maatschappelijke uitdagingen zoals circulariteit.
Middels een literatuurstudie zijn vier fundamentele kenmerken van innovatie-
ecosystemen onderscheiden: (1) diverse betrokkenheid van actoren; (2)
strategische afstemming tussen actoren; (3) gedeelde waardeproposities en (4)
relationele governancestructuur. Vijf onconventionele, projectoverstijgende
initiatieven in de Nederlandse infra zijn onderzocht op basis van de vier
kenmerken. De initiatieven laten zien hoe ecosysteem-denken, door het
bevorderen van langdurige en sectoroverschrijdende relaties, de potentie heeft
om circulaire oplossingen te introduceren die traditionele projectstructuren en
toeleveringsketens overstijgen. Het aannemen van het ecosysteemperspectief
vereist echter een cultuurverandering naar op vertrouwen gebaseerde relaties
en een herziening van de huidige economische systemen en bedrijffsmodellen
binnen de sector. Het onderzoek benadrukt de potentie van contractering op
basis van gedeelde waardepropositie, partnerschap en het faciliteren van
langdurige samenwerking om maatschappelijke en sectorale uitdagingen in de
ontwikkeling van circulaire infrastructuur aan te pakken.

Dit brengt ons terug bij de hoofdonderzoeksvraag hoe de missie-georiénteerde
transitie naar een circulaire infra kan worden gestuurd. Ondanks de eenduidige
roep voor een leidingnemende overheid, wordt de transitie op sectoraal niveau
geidentificeerd als een collectieve uitdaging, die een collectieve respons van alle
belanghebbenden vereist. Leiderschap vanuit de overheid is hier cruciaal — niet
door het opleggen van elke stap, maar met het organiseren en sturen van
convergentie en bewustzijn naar een afgestemde circulaire toekomst. Deze
convergentie is haalbaar door reflexief bestuur, het integreren van diverse
perspectieven en de durf om de gevestigde praktijken en normen te herzien.
Deze aanpak, gekoppeld aan participatieve, anticiperende en tentatieve
governance-modi, vormt een integraal kader om de complexiteit en
onzekerheid van de transitie te navigeren.

In de samenwerking tussen organisaties blijkt dat traditionele publiek-
private, projectafhankelijke benaderingen ongeschikt zijn om de onderling
verbonden aard van circulaire infrastructuuruitdagingen aan te pakken. Een
verschuiving naar relationele, collaboratieve methoden is hiervoor essentieel.
Raamovereenkomsten, allianties en programmatische benaderingen komen
naar voren als veelbelovende startpunten om project-specifieke barrieres te
overwinnen. Daarnaast kunnen deze aanpakken bijdragen aan het vormen van
netwerken die industriéle symbiose bevorderen, cruciaal voor het
bewerkstelligen van circulaire materialencycli. Deze benaderingen vereisen een
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zorgvuldige balans tussen coherente langetermijnvisies en de flexibiliteit om
zich aan te passen aan veranderende omstandigheden.

Op organisatieniveau ligt de uitdaging in het integreren van circulaire
principes binnen bestaande infrastructuurbeheerprocessen. Organisaties
dienen nieuwe processen hiervoor te institutionaliseren die resulteren in
circulaire uitkomsten. Dit vereist het bevorderen van begrip tussen personen die
verschillende institutional logics aanhangen, het stimuleren van samenwerking
tussen afdelingen en het afstemmen van asset management en infraplanning
met circulaire principes.

Concluderend vereist de transitie naar een circulaire infra een genuanceerde,
multi-level governance-aanpak, die sectorale, interorganisatorische en
organisatorische perspectieven integreert. Dit vereist een collectieve
inspanning van alle belanghebbenden, waaronder de overheid, aannemers en
toeleveranciers, waarbij elk een onderscheidende maar onderling verbonden rol
speelt. Het complexe en onzekere pad voorwaarts vraagt om nieuwe
governance-modi, het bevorderen van collaboratieve relaties en het
heroverwegen van organisatorische praktijken om een duurzame, circulaire
toekomst in de infra te bereiken.
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Preface

As | started a long-distance trail in the United States, fresh from successfully
defending my Master’s thesis, | received an email from my thesis supervisor,
Professor Joop Halman. In the e-mail, there was the question of whether | would
be interested in an Engineering Doctorate focused on the circular design of
bridges and viaducts. It was an opportunity that seemed tailor-made to mobilize
my background in Civil Engineering and exploit my interests in construction
management and sustainability. For two intensive years, | delved deeply into
developing an indicator to quantify the degree of circularity within bridge
design. As per the metrics of my circularity indicator, it was suggested that
circular bridge designs were technically feasible, yet bridges and viaducts
continued to be conceived, constructed, and managed in a non-circular fashion.
There must have been something else at work here.

Increasingly puzzled by the question of why circular infrastructure is still
built in linear ways while many of the technological solutions are already at
hand, it turned out that practitioners were bothered by similar challenges.
Rijkswaterstaat, the very entity financing my Engineering Doctorate, decided to
allocate funds for a full-scale PhD project. The objective? To increase
understanding of how to shape the circularity transition in the sector. This
position enabled me to study the transition from a systemic perspective and
allowed for probing into specific organizations, processes, and practices to
inform the sectoral transition.

While being interested in the sociological and institutional theories, |
started with quite an engineering attitude: just look at what the barriers to the
transition are and design solutions to tackle those barriers. Soon, practice
turned out to be too unruly for such an approach. With the guidance of Leentje
Volker and Klaasjan Visscher, this compelled me to reevaluate the research
approach and inquire into the nature of knowledge and truth that I, as a
researcher, could realistically grasp. Figures like Max Weber and George Mead
initially captivated me with their assertion that all knowledge is inherently
socially constructed. This view resonated deeply, given the contentious nature
of circularity and the pivotal role of social interactions in transitions.
Nevertheless, this research philosophy insufficiently provided me with the
insights necessary for addressing the grand questions surrounding the sectoral
transition toward circularity. This unquestionably demands a degree of systemic
thinking.

A central thread running through my dissertation thus draws upon a critical
realist perspective. This perspective acknowledges the existence of the actual
transition, albeit covered by complexity that impedes complete comprehension.
In most chapters, specific and often tailored lenses or frameworks are used or
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developed to make sense of these transition developments in reality. In
hindsight, this philosophical journey becomes evident when examining the
submission dates of the published chapters, revealing a gradual shift from an
engineering mindset toward one rooted in qualitative social science — a personal
transition. Allowing several side-steps into organizational sciences and Science,
Technology, and Science (STS) studies, the PhD journey has slowly tilted my
worldview towards one that much more appreciates the complexities between
the physical world, human behaviour, and institutions that guide behaviour.

That being said, my background as a civil engineer has been of great value
at all stages of the research. Whether engaging with project engineers,
managers, or policymakers, my grounding in civil engineering facilitated data
collection and analysis by fostering an acute understanding of the domain-
specific context.

This process has accumulated into the dissertation that lies before you. It
provides an account of the transition at a sectoral circularity transition,
considering past, present, and future and occasionally delving into specific
issues. While conducting the various researches, the topic of a transitioning
circular infrastructure sector appeared to be a unique domain for the sector’s
public nature and project-based activities as well as the systemic consequences
of circular transition for the sector. This allowed me to not only use theories,
concepts, and lenses to execute the studies in the domain but also to feed back
into theory. The result is a collection of research that draws from and adds to
various scholarly fields.

From the journey on that long-distance trail, little did | know that an email
would set me on a path filled with such an unexpected journey. In those initial
moments, | could not have foreseen the incredible journey ahead. However,
these unexpected opportunities and challenges in particular have shaped my
path, and | am grateful for every twist in the trail.

XV
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Chapter 1: Introduction

1.1 Introduction

Associated with strategies to close, narrow, slow, and regenerate resource
loops, circularity is often used as an alternative systemic approach to retain
value and decrease environmental impact (Kirchherr, et al., 2023). For its
massive use of materials in, e.g., roads, dikes, railways, and pipes, the
infrastructure sector is often considered a key sector in pursuing a circular
economy (CE). Compared to the infrastructure sector in its current form, this
means that a future circular sector has radical new ways of, for example,
designing, organizing, and regulating (Joensuu et al., 2020). This presumes new
and changing actor roles and interactions (Wittmayer et al., 2017). In other
words, a circular infrastructure sector implies a fundamentally different socio-
technical system, indicating a novel configuration of technologies, regulations,
actors, services, and infrastructure (Schot et al., 2016). As a result, circularity will
turn the infrastructure sector upside down.

Circularity is presented in the Netherlands as a transformative mission,
which contains a collection of time-bound objectives and strategies. This
includes environmental impact reduction statements and minimum material
reuse percentages. Despite a rapidly increasing number of circularity-oriented
innovations in the infrastructure sector, the circular outcomes of current
infrastructure practices are still way short of the mission’s objectives (PBL,
2023). To illustrate, only an estimated 8% of the material input in the built
environment consisted of reused materials, while the mission’s objective is to
achieve a 50% reuse by 2030 (Circle Economy, 2022).

In this dissertation, | argue that this gap between the mission’s objectives
and the realization in practice results from considering the circularity
implementation efforts too much in isolation and too much as technological
challenges. A more systemic understanding of circularity implementation can be
interpreted in two ways. On the one hand, a circular infrastructure system can
be understood from a perspective of material flows from and to infrastructures
(i.e., resource perspective). On the other hand, it can be approached from a
perspective of interdependencies between physical infrastructure, social
dynamics, and institutions (i.e., socio-technical perspective). While the resource
perspective is increasingly studied (e.g., Bucci Ancapi et al.,, 2022; Yu et al.,,
2023), the socio-technical view thus far remains largely unexplored.

One can only explain how to better steer for circularity once the circularity
efforts are understood in coherence with their social and institutional contexts.
A striking example is the Circular Viaduct, which was developed between 2016
and 2019 and has been operational for only half a year. The viaduct was
designed modularly using uniform, pre-cast concrete segments. Supported by
widespread media attention, these were successfully assembled into a viaduct
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to serve on a construction site and were disassembled afterwards as planned.
However, the segments were never reused post-pilot due to their lack of
alignment with prevailing technical norms, environmental impact definitions,
and conventional ownership distribution (Rijkswaterstaat, 2019). So, even
though the viaduct aligns well with the design principles of circularity, one may
ask how circular the long-term outcomes are. This illustration shows that
becoming circular as an infrastructure sector requires more than a collection of
technological, stand-alone innovations.

Alternatively, | will treat the pursuit of a circular infrastructure sector as a
socio-technical change process to take the steps necessary to achieve an
inherently circular sector. Such change processes are known as socio-technical
transitions. We know from the field of Sustainability Transitions that such
innovations probe deeper social and institutional structures and cannot be seen
in isolation (e.g., Geels, 2005; Rip, 2012). These transitions, however, are multi-
decade, inherently complex, and highly unpredictable (Kohler et al., 2019). The
complexities and uncertainties involved in this systemic view make the
transition towards a circular infrastructure sector hardly predictable or
manageable (Smith et al., 2005). Instead, insights into the socio-technical
dynamics must be used to offer reflexive and anticipatory guidance to move the
sector toward the CE mission (Truffer et al., 2010). However, how such mission-
oriented transitions can best be steered and governed is still heavily debated
(Janssen et al., 2021).

Past research on circular infrastructure focuses at the individual, often
technical aspects of circularity. However, to govern the transition towards
circular infrastructure, those aspects must be considered in coherence with the
social and institutional aspects. To address this gap, | dedicate this dissertation
to providing analyses and approaches to promote the next steps in achieving
systemic change towards a fundamentally circular sector. Given the socio-
technical view required to consider these complexities and uncertainties, the
research is primarily conducted from governance and management
perspectives. Accordingly, this dissertation aims to help academics,
policymakers, and industry leaders make better choices for a more effective and
desirable future of circular infrastructure.

In the remainder of this introduction chapter, | will first introduce the
dissertation’s context of the transition towards circular infrastructure. Next, |
will discuss the objective of the research as well as the positioning of the
research approach. This is followed by an introduction to the research questions
and approaches of the separate studies. This chapter concludes with the
dissertation’s outline.
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1.2 Circularity transitions in infrastructure

The research in this dissertation combines the domains of circularity,
infrastructure, and transitions. Three main areas come together in this
dissertation that, collectively, comprise the gap of considering circular
infrastructure as a transition. The domain of study is the infrastructure sector,
which embodies unique characteristics that heavily affect both the potential
circular innovations and change dynamics. Here, circularity, and especially the
formal circularity policy, comprises the central direction of change addressed in
this research. Lastly, the socio-technical transition perspective presupposes
specific assumptions determining the possible research directions. These three
areas are introduced separately yet in mutual coherence in this section.

1.2.1 The infrastructure sector

Infrastructure has different meanings in different contexts. In this dissertation,
the infrastructure sector is understood as what is often called the civil
engineering sector, or what is in the Netherlands referred to as grond- weg- en
waterbouw (GWW). It roughly consists of the public part of the construction
sector and the built environment that includes roadworks, waterworks,
railways, and cables & pipes, and is often referred to as public infrastructure
(World Class Maintenance, 2023). From a socio-technical perspective,
infrastructure can be treated as a separate sector because of the unique yet
interrelated set of actors, institutions, and physical assets (Markard, 2011).
Below, three critical characteristics of the infrastructure domain that
significantly shape the discourse of the transition towards a circular
infrastructure sector are highlighted. These characteristics further shape the
approach to studying this topic.

First, infrastructure activities take place within a highly politicized public
sector, in contrast with, for example, most building construction activities.
Infrastructure assets are typically procured, owned, and financed by public
organizations (Caerteling et al., 2011; Dominguez et al., 2009). This public nature
subjects client-contractor collaboration to procurement law, imposing strict
rules to ensure transparency and a level playing field. Hence, governments draw
on values distinct from the private sector (Kuitert et al., 2019; Volker, 2010).
Acting as clients, governments wield considerable power in deploying
governance instruments to guide the infrastructure processes, including setting
specific terms for projects (Hueskes et al., 2017). These conditions, such as
resources and regulations, depend strongly on political decisions. In addition,
the national boundaries also create a strong interdependence between public
and private actors. Consequently, infrastructure is shaped, commissioned, and
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maintained through a relatively fixed system of actors and institutions (Lienert
etal., 2013).

In this public context, infrastructure is owned, managed, and procured by
many public organizations on national, provincial, municipal, and, in some
countries, regional or waterboard levels (lenW et al., 2023). Despite this major
fragmentation, national clients play a prominent role. These organizations are
usually the largest clients in terms of portfolio and are mostly directly connected
to national politics and, hence, the long-term infrastructure investments.
Moreover, these organizations strongly influence or even manage the norms
and regulations in infrastructure. When addressing single client organizations in
this dissertation, | use Rijkswaterstaat, the national infrastructure agency and
execution body of the Ministry of Infrastructure and Water Management
(lenW), as the subject of study. This organization is the Netherlands’ largest
infrastructure client and a dominant player in the Dutch infrastructure sector.
Beyond its pivotal role within the Dutch infrastructure sector, Rijkswaterstaat is
considered a frontrunner in circular infrastructure in the Netherlands, not only
in terms of early-stage circular infrastructure pilots but also in knowledge
development, networking, and norms and regulation (Ministry of lenW, 2020;
Schut et al., 2015).

Second, infrastructure projects are typically executed as multi-actor public-
private settings with predefined goals, task specifications, time/budget
constraints, and interdependent team and actor relations (Harty, 2005). In these
projects, conflicting interests among participants are common (Olander &
Landin, 2008). The perceived conservative and risk-averse nature on the public
side, sustained by high stakes and small profit margins on the private side, add
to these opposing interests. Efforts to reform the sector, such as the mission on
circularity, often target public-private interaction models aiming to eliminate
project-oriented barriers, such as narrow scope and longitudinal fragmentation
(Vrijhoef & Koskela, 2000). Examples of such models include supply chain
integration (Kesidou & Sovacool, 2019), project ecologies (Hedborg & Karrbom
Gustavsson, 2020), and programmatic and portfolio approaches (Pellegrinelli et
al., 2015; Shehu & Akintoye, 2009). Despite these developments, none of these
models have sufficiently changed the sector to effectively address the societal
challenges it increasingly faces.

Third, infrastructure assets are highly unique, resource-intensive, and
typically have multi-year lead times and multi-decade lifespans. These
characteristics pose challenges to infrastructure management (Larsson et al.,
2014). In the context of circularity, for example, these characteristics cause
difficulties in measuring the benefits of innovative circular solutions to the
national circularity goals, exacerbated by the lack of clarity on what circularity
entails. These asset characteristics significantly affect transition dynamics,
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sustaining the sector’s rigidity. For example, if a client decides to design a new
sluice in line with circularity principles, the results of specific design choices may
only materialize a decade from now, with reusability benefits occurring only
after its multi-decade service life.

These characteristics make the infrastructure rigid in nature and prevent
more radical types of innovation. However, the circularity transition demands
fundamental changes that are not easily achieved within the current sector’s
configuration. This is related to the way this transition is pursued and de
characteristics of circularity.

1.2.2 Steering for circular infrastructure

The CE was introduced as an integral way of using materials more effectively
and efficiently to lower environmental pressure and achieve economic gains.
The CE has been promoted as an alternative economic and societal model,
described as “an industrial economy that is restorative by intention and design”
(Ellen MacArthur Foundation, 2013, p.14). It involves a comprehensive overhaul
of the production and consumption system, advocating fundamental changes
that extend into the very fabric of society (Hobson & Lynch, 2016). From its early
beginnings, CE has been increasingly positioned as a strategy to address multiple
societal challenges. While initially aimed at reducing waste creation and
material depletion, it is more and more linked with climate change considering
the clear link between material use and carbon emissions (Hertwich, 2021).
Recently, it has even been associated with impact categories such as biodiversity
loss and soil pollution (PBL, 2023). As Lazarevic and Valve (2017, p.67) put it,
“The narrated expectations for the CE are so all-encompassing that they face
little critique.” This can become problematic as trade-offs must be made in
implementing and operationalizing the CE concept in practice.

The difficulties posed by the all-encompassingness stem primarily from the
wicked nature of the CE. This wickedness results from the high degrees of
complexity, uncertainty, and contestation of the challenges CE aims to address
(Head, 2022; Rittel & Webber, 1973). Therefore, challenges such as the ones
associated with circularity cannot be fully grasped and are inherently
unsolvable. Instead, they can be addressed or dealt with in a way that circularity
is ‘better’ addressed than before. For example, the contestation aspect of
wickedness is visible in practice when looking at the plurality of projects and
solutions launched under the CE umbrella (Coenen et al., 2022b). Instead of
offering another definition of CE in the context of infrastructure, this
dissertation discusses ways to address contestation through participative and
reflexive approaches. Notwithstanding, key concepts that are useful to
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understanding the ongoing circular infrastructure discourse are introduced
below.

Derived from the CE concept, circularity is portrayed as a quality aligning
with CE discourse and usually refers to a set of principles. These principles
typically comprise closing, narrowing, slowing, and regenerating resource loops
to retain value and decrease environmental impact (Konietzko et al., 2020). Such
principles are often outlined in frameworks such as the waste hierarchy or
butterfly model (Ellen MacArthur Foundation, 2012; Potting et al., 2017). Typical
solution strategies within these principles in infrastructure include the reuse of
existing materials and components, lifespan extension measures, and modular
asset design approaches. Appendix 1.1 provides an excerpt that discusses
several circularity strategies in the context of infrastructure (Coenen et al.,
2020).

Notwithstanding the myriad of interpretations of circularity and the
inherent wickedness, governments across the globe have adopted the circularity
concept to aim for a system that better aligns the human impacts within the
planetary boundaries (Rockstrom et al., 2009). These initiatives exist on various
scales that are important to distinguish in order to understand how circularity
initiatives can be stimulated in particular contexts. The European Commission,
for example, mentions construction as a priority theme in its Circular Economy
Action Plan (European Commission, 2020). In the Netherlands, a comprehensive
strategy was launched to render the country circular by 2050, in which
infrastructure, as part of construction, occupies one of the central pillars (lenW
& EZK, 2016; Transitieteam Bouw, 2018). Furthermore, this strategy was
adopted and operationalized on a regional scale to fit the local contexts (e.g.,
Provincie Overijssel, 2020). These initiatives are often interrelated in their goals
but differ in their operationalization in the local context. This plurality of scales
has major implications for how certain elements of the transition can be best
governed and by whom.

Recognizing the systemic nature of the change required for infrastructure,
becoming circular has been positioned in the Netherlands as a mission with clear
boundaries in scope and time (cf., Mazzucato, 2018). Such a mission can be
understood as a set of specific and ambitious policy goals to transformatively
address a societal challenge, involving coordinated action and collaboration
among various stakeholders within a defined timeframe (Larrue, 2021). As such,
it is used as a policy tool to provide direction to transformative change (Janssen
et al.,, 2021). In our case, circular infrastructure encompasses an extensive
portfolio of related projects and strategies, a broad interpretation of the
stakeholder field, cross-sectoral considerations, and an inclusive governance
approach. Various strategies were formulated to achieve circularity by 2050
nationally and were further specified on a sectoral scale (lenW & EZK, 2016).

7
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These sectoral strategies, such as the “Transitie-agenda Circulaire
Bouweconomie” (Transitieteam Bouw, 2018), will be central to the analyses in
this dissertation.

Accordingly, when referred to a mission in the remainder of this
dissertation, it pertains specifically to the infrastructure-related mission “Dutch
circular infrastructure in 2050” (Transitieteam Bouw, 2018). This mission-
oriented approach aligns with a broader trend in governance approaches where
transformation, societal challenges, and missions occupy a prominent position
(Kuhlmann & Rip, 2018; Schot & Steinmueller, 2018b). Due to the close
association of the transition towards circular infrastructure with this predefined
mission, one can speak of a mission-oriented transition. However, what does it
mean to understand these transformative changes towards a mission as a
transition?

1.2.3 Understanding circular infrastructure as a mission-oriented
transition

Despite notable initiatives and examples of circular technologies and solutions
in infrastructure, systemic changes are still lacking (Bours et al., 2022; Giorgi et
al., 2022). A reason for this gap is the absence of a comprehensive, sector-wide
view on governing and managing the implications of a circular infrastructure
system. The lack of a systemic outlook is evident in the overrepresentation of
circular design solutions in literature and practice, with insufficient attention to
the system’s underlying institutions, root barriers, and their interactions (cf.,
Charef et al., 2021; Hossain et al., 2020; Joensuu et al., 2020; Mhatre et al.,
2021). Research on circular infrastructure has focused mainly on single
technologies, practices, or barriers rather than considering those elements in
mutual coherence (cf., Cimen, 2021; Kalmykova et al., 2018). While these past
findings offer essential ingredients to formulate circular solution directions, they
fail to consider the co-evolving nature of transitions.

To address this gap and study change from a systemic perspective, |
approach the pursuit of a circular infrastructure sector from a socio-technical
perspective. Specifically, this dissertation incorporates several methods to
strengthen our understanding of the dynamics and mechanisms in the transition
towards a circular infrastructure while providing decision-makers and
practitioners with ways to move ahead. These dynamics strongly influence the
possibilities and limitations of studying and governing circularity in
infrastructure. Therefore, we need to understand what a transition comprises.

Transitions encompass multiple elements, such as technology, culture, and
policies, that interact in a co-evolutionary way. These processes involve a broad
range of actors, from academic researchers, the political arena, and industry
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leaders to the public sector and civil society, each with their own interests and
strategies (Grin et al., 2010; Kohler et al., 2019). Moreover, transitions are long-
term, open-ended, and uncertain due to the multiplicity of potential pathways
and the unpredictability of external developments (Geels, 2002; Rip & Kemp,
1997). Disagreements among actors, fuelled by opposing guiding values in this
strongly normative and directional process, and the normative, mission-
oriented character of the circularity transition further complicate the socio-
technical change (Haddad et al., 2022). To make sense of change in such socio-
technical systems, it is useful to differentiate the socio-technical system from its
contexts. These are conceptualized as three interrelated levels.

Three interacting levels are generally distinguished in transition studies,
known as the multi-level perspective (MLP) (Geels, 2005). This perspective
defines a transition as the continuous interaction between the currently
dominant socio-technical system (regime) from broader developments and
exogenous pressures and shocks (landscape) and the innovations potentially
challenging the regime (niche). Such transitions presuppose changes in the roles
and positions of actors within the system (Wittmayer et al., 2017). Here,
different actors perform various activities that, together, contribute to the
desired socio-technical change (Bergek, 2019). From this perspective, the
transition towards a circular sector can be seen as the radical shift from a linear
(i.e., non-circular) socio-technical system into a circular one through the
interplay between the diverse elements and actors within the regime as well as
in relation to the landscape events and niche developments. While such
transitions cannot be planned or managed due to the inherent complexity and
uncertainty (Stirling, 2010), they can be steered or directed. For instance,
comprehensive socio-technical visions of the future can act performatively to
affect and shape expectations (Konrad & Bohle, 2019).

This transition perspective has consequences for understanding the role of
single actors. After all, infrastructure actors, both individually and in
collaborative settings, act in distinct institutional settings to fulfil a specific role
within the system (Frederiksen et al., 2021). Given the institutional pressures
caused by the national circularity mission, the systemic nature of circularity, and
the interdependencies between the sector’s stakeholders, traditional
organizational change and transformation approaches hardly apply (Bertassini
et al,, 2021). Instead, organizational and inter-organizational change must be
considered within the broader transition dynamics (Farla et al., 2012), where the
organizations, as well as the positions and power between those organizations,
modify (Avelino & Wittmayer, 2016).
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1.3 Objective, positioning, and justification of the research

Navigating or governing the myriad elements that interact in transitions proves
challenging. To advance systemic change towards a fundamentally circular
sector, academics, policymakers, and industry leaders must obtain the insights
and approaches necessary to support a more effective and desirable transition.
Resultingly, the objective of this dissertation is to generate the insights needed
to further the transition towards a circular infrastructure. In this dissertation, |
aim to contribute to several academic debates, particularly in transition studies,
by operationalizing the mission concept concerning societal transitions. To serve
policymakers, | aim to offer insights into the sector’s transition dynamics and
governance approaches that fit the nature of the mission-oriented transition
towards circular infrastructure. While industry leaders, such as top management
in frontrunning companies and governments, might also make use of the
insights in the transition dynamics, | pursue to also provide them with ways
forward regarding their strategic positioning in relation to other actors as well
as the interaction between the transition and internal dynamics of
organizational transformation. These insights will be acquired and approached
by considering the pursuit of a circular infrastructure sector as a socio-technical
transition.

In  these transitions, the number, heterogeneity, and inherent
unpredictability of the interacting technological, social, and institutional aspects
that determine the course of developments make the socio-technical system as
a whole incomprehensible (Ropohl, 1999). To still increase our understanding of
circular transitions in infrastructure, we thus need to take a systemic
perspective. This inevitably implies that not a particular theory or approach is
central, but a domain-specific transition is taken as the research subject. Instead
of zooming in on a single theoretical phenomenon, from this perspective, the
complexity is embraced to do justice to the aforementioned transition
characteristics (Geels, 2010). Such complexity requires frameworks to act as
lenses to make sense of the world.

Geels (2022, p.11) argued that “the heuristic use of conceptual frameworks
[...] in transition research is epistemologically legitimate [and] is arguably the
best way of explaining socio-technical transitions in a way that does justice to
their phenomenological characteristics.” Such theoretical lenses help
researchers to navigate through subjective interpretations that arise from their
socio-historical context. Furthermore, they act as interpretive tools that guide
the understanding of how various elements of socio-technical systems interact
and influence transitions. This stance fits the critical realist perspective (Bhaskar
& Hartwig, 2016), which | adopted throughout the dissertation.
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Thus, various lenses are employed to make sense of the complexity of social
constructions and socio-institutional interactions within the infrastructure
domain. Instead of providing the ‘ultimate truth’, they facilitate a deeper
understanding of specific aspects of the transition (Maxwell, 2011). To apply this
diversity of lenses and frameworks, it becomes crucial to divide the research
into distinct segments, each characterized by their unique methodological and
theoretical fundaments. This approach allows for a comprehensive exploration
of the various dimensions of the transition in order to explore ways forward in
the infrastructure domain more effectively. For their strengths in embracing the
complexity of the phenomena (Rotmans & Loorbach, 2009), the nuances of
social dynamics throughout the research process (Zolfagharian et al., 2019), and
the exploratory nature considering the uncertainties, | built the research
primarily on qualitative research methods. The research focuses on this in-depth
and sector-specific understanding of the circularity transition. Therefore, an in-
depth single-case approach of the Dutch infrastructure sector (and related CE
mission) is selected. This approach enables the examination of the socio-
technical and socio-institutional dynamics from various angles.

To structure the plurality of angles, | made specific choices that capture the
variety of perspectives on the transition within the case of circular infrastructure
in the Netherlands and Rijkswaterstaat as the major national infrastructure
client. The research will cross two central axes: time and scale. Before all else,
the transition’s recent past and current situation must be investigated to
determine the deep-rooted challenges and barriers as well as the ongoing
developments. Only afterwards can ways be explored to deal with those issues
and can be proceeded to the next steps in the transition. Given the
abovementioned complexities and uncertainties, a clear-cut roadmap will not
offer realistic ways to address the transition challenges in the long term (Rip,
2012). Instead, | aim to offer governance tools and perspectives that enable
policymakers and industry leaders to shape the transition into the future more
effectively and desirably.

Because transitions are often understood in light of nested systems (Raven
et al, 2012), it is crucial to understand them on multiple scales: the
organizational and inter-organizational dynamics to relate the macro-level
transition dynamics to the micro-level and meso-level (inter)organizational
responses. Only then can approaches and tools be introduced that mobilize
these individual actors from both a governance and management perspective.
Since public actors are, as clients, asset owners, and policymakers, central to
guiding the direction of infrastructure, the research question will be
predominantly addressed from a public perspective. Nevertheless, given the
interdependencies inherent to socio-technical systems, this is always executed
in light of the broader sector. In doing so, the pursued outcome of this

11
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dissertation consists of approaches to govern the mission-oriented transition
towards circular infrastructure on a sectoral, organizational, and
interorganizational level.

Throughout the research, collaboration has been sought with other
researchers to enable myself to embed the research in multiple theoretical
contexts and to strengthen the overall contributions to the respective
theoretical domains. This collaboration allowed me to deal with and combine
multiple lenses and theoretical backgrounds to serve the domain of inquiry best,
i.e., circular infrastructure. Moreover, these collaborations offered an excellent
opportunity to explore and develop ideas both with and beyond the supervisory
team. The collaborative nature of the studies is also a reason why | use the plural
pronoun ‘we’ when referring to the separate studies in this dissertation. Only in
the introduction and conclusion chapters is the singular first-person ‘I’ pronoun
used when referring to my personal choices and views in the dissertation.

1.4 Research questions and approach

Considering the research objective stated in the previous section, the main
research question that | address in this dissertation is:

How can the mission-oriented transition
towards circular infrastructure be governed?

The main research question (RQ) will be addressed through five interrelated
studies and related RQs. The coherence between the studies in relation to the
main research question and the chapters of this dissertation is shown in Figure
1. To address the RQ, first, the understanding of the current transition dynamics
and barriers must be understood. Study 1 sets the stage for the research in
terms of the current state and the systemic barriers that hamper the transition
circular infrastructure. Study 2 deepens the understanding of the transitions
regarding one of the central root causes for the slow implementation of
circularity in circularity practices — contestation of the circularity concept —and
suggests approaches to deal with this. While Studies 1 and 2 question the
situation as-is, Study 3 explores a way forward to govern the mission-oriented
transition more effectively and robustly.

Because of the need for behavioural changes, stakeholder roles will change
throughout the process. Therefore, organizational change and inter-
organizational reconsiderations of interactions are needed to deal with these
changing institutional contexts while maintaining operational activity.
Therefore, Study 4 looks into the dynamics between conventional infrastructure
management processes and circularity implementation processes within an
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organization that is dealing with many different institutional pressures. Next,
Study 5 explores a way forward to more effectively organize cross-
organizational construction works to deal with societal challenges, such as the
ones related to circularity. As such this study links the operational activities of
infrastructure actors to the sectoral dynamics. Together, these studies address
the aim of generating the insights needed to further the transition towards a
circular infrastructure. Below, these studies are individually explained in more
detail.

Figure 1. Overview of the coherence between the five studies and the main objective.
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Chapter 7 (Main RQ)

Conclusion: Approaches to
govern the mission-oriented
transition towards circular
infrastructure on asectoral,
organizational, and
interorganizational level

To develop approaches to further the transition, first, it must be understood
what the current state of the transition is and what characteristics and dynamic
hamper the transition. Insights in such barriers from a socio-technical
perspective require a view in which the entire system must be considered that
is affected by the circularity mission. This step also requires an investigation of
the aspects and dynamics in the current infrastructure system and the related
circularity mission, leading to RQ 1.
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Chapter 1: Introduction

R Q 1 What are the systemic barriers and lock-ins to transitioning
towards a circular infrastructure sector?

This question is addressed in Study 1 (Chapter 2) using the Mission-oriented
Innovation System (MIS) framework (Hekkert et al., 2020; Wesseling &
Meijerhof, 2023). By incorporating dedicated analyses of the system’s structure
and ongoing dynamics, the MIS analysis allows for outlining the system’s
dynamics and corresponding barriers and lock-ins. Because of the long lead
times of infrastructure works, the long lifespan of infrastructure assets, and the
long-term materialization of circularity benefits, such analyses struggle to
provide reliable predictions regarding circular output (e.g., on cross-lifecycle
material reductions). Instead, to understand the current activities undertaken in
practice, now and in the recent past, we identified activities related not only to
specific circular innovations or technologies but much more to how the system
on a sectoral level is being shaped to offer the right conditions for circular socio-
technical changes towards a circular sector. Policy documents and twenty in-
depth interviews served as the primary data sources to reveal ongoing
processes, practices, and developments. This study resulted in the identification
of three vicious cycles that hamper the adoption and upscaling of circular
practices in Dutch infrastructure.

From these vicious cycles, contestation on the circularity concept in the context
of infrastructure stood out as a deeply-rooted problem that prevents circular
activities from being widely implemented and upscaled. In other words, there
are multiple, partly conflicting ‘socio-technical imaginaries’ of a circular
infrastructure system — next to the existing national framing of the mission. To
manage this contestation, make actors aware of the diversity in interpretations,
and align the interpretations of the concept better, the various ways of
understanding must be revealed to enable practitioners to deal with this
contestation. This is the topic of RQ 2.

How is circularity in the Dutch infrastructure domain perceived by
R Q 2 infrastructure stakeholders, and how do the various perceptions
align with the formal circularity mission?

In order to steer the transition effectively, it is crucial to understand the
dominant perspectives on circular infrastructure (and how they vary) as well as
their relation to the formal strategies regarding the mission. The plurality of
stakeholders’ ideas about both the problems circularity ought to address and
the dominant solutions that should be implemented to achieve this have been
conceptualized as the problem-solution space (Wanzenbdck et al., 2020). This
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problem-solution space is used in Study 2 to map the various understandings
about missions, for example, to reveal the prioritization of climate change or
resource depletion as a problem and bio-based or recycled materials as a
solution to circularity. However, a way of operationalizing this abstract problem
space is lacking. By employing Q-methodology (Cuppen, 2012) to distil the
collectively held visions of the future concerning circular construction in the
Netherlands — also known as socio-technical imaginaries (Jasanoff & Kim, 2015)
—we introduced an operational way of analysing the problem-solution space. By
applying this operationalization to circular construction, we study the diversity
of perspectives and how they differ regarding problems and solutions. We
obtained initial statements on the diverse problems and solutions through
twenty in-depth interviews published separately by Coenen et al. (2022a). Next,
the various imaginaries were constructed based on a survey-based Q-sample
with a heterogeneous set of thirty-four respondents from the Dutch
infrastructure sector. We identified three significant imaginaries of circular
infrastructure. Using the outcomes of the Q-methodology exercise, we
identified various ways policymakers can use these insights to deal with this
contestation in Study 2 (Chapter 3).

Next to the apparent contestation, the challenges that the CE mission aims to
address are uncertain in their unfolding and complex due to their
interdependencies. These characteristics make mission-oriented transitions
wicked (Head, 2022). While missions aim to mobilize actors in a particular
direction (Janssen et al., 2023), they cannot be governed in a traditional way. In
other words, traditional planning and governance approaches to innovation and
‘improvement’ do not apply to mission-oriented transitions (Rosa et al., 2021).
Therefore, there is a need for another way to mobilize actors and better prepare
those to take circular action. Such an approach should inform decision-makers,
including policymakers, on how to better govern the circularity transition in
infrastructure. Therefore, Study 3, in addressing RQ 3, aims to find a way for
infrastructure actors to collectively anticipate potential future transition
pathways.

R Q 3 How can infrastructure stakeholders deliberatively anticipate
future developments related to the CE mission?

By adopting principles from anticipatory, participatory, reflexive, and tentative
governance, we proposed a mission governance approach to increase the social
robustness, preparedness, awareness, and alignment of stakeholders and
inform policy-makers. We named this approach Mission-Oriented Transition
Assessment (MOTA). It was primarily developed based on theoretical traditions
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of Technology Assessment and Responsible Innovation. We applied MOTA in the
context of circular infrastructure through an extensive workshop setting with a
heterogeneous group comprising five researchers and seventeen participants
from throughout the sector. A crucial part of this study was developing two
plausible yet contrasting transition scenarios aligned with the pursued mission
outcomes. These scenarios were designed mainly based on the knowledge
developed in Study 1. The results discussed in Study 3 (Chapter 4) of this
dissertation reveal how the MOTA approach helps govern the circularity mission
and offers various directions for policymakers in Dutch infrastructure and
beyond.

The insights from the first three studies provided an understanding of the
transition’s current state and future outlook on a sectoral level. To act within
such a transitioning system, an organization must adopt fundamentally different
processes and practices to address changing institutional demands.
Organizations need insights into the transition challenges at the organizational
level to determine actionable ways. A significant challenge is that such
organizations must perform fundamental organizational transformations while
preserving continuity and simultaneously dealing with the changing interactions
with other actors and institutions, leading to RQ 4.

R Q 4 How do infrastructure client organizations deal with the
institutional pressures caused by the circularity transition?

Given the trait to link individual and organizational practices with macro-level
values and developments (Thornton & Ocasio, 1999), we adopted the concept
of institutional logics to reveal how logic plurality induces tensions between the
conventional organizational processes and the new ways of acting that fit the
circularity discourse (Greenwood et al., 2011; Pache & Santos, 2021). An in-
depth case analysis within Rijkswaterstaat infrastructure agency through twenty
interviews provided the insights needed to identify the organizational responses
in the various departments. These interviews included individuals from across
all departments and layers of the organization. The analysis demonstrated the
emergence of tensions in the infrastructure management process, highlighting
conflicts between state logic and the circularity-aimed logics supporting
processes conducive to circularity implementation. The existing logics in the
literature on environmental sustainability were all value-laden and, hence,
unsuited to deal with the diversity of motives by a logic’s adherers. Because we
observed that the individuals adhered to a more abstract pursuit for a ‘better
society’, we introduced the societal challenge logic in this study.

16



Chapter 1: Introduction

The insights of Study 4 (Chapter 5) were collected from an organizational
perspective on the institutional pressures imposed by the CE mission. Together
with the findings from Chapters 2 and 4, this stresses the need for fundamentally
new practices, processes, and ways infrastructure stakeholders act and interact.
Notably, the sector’s public and project-based natures prevent long-term
collaboration, obstructing actors from developing future-oriented relationships.
Since missions address societal challenges that reach far behind the horizon of
individual projects, other ways of collaboration and innovation are crucial to
taking fundamental steps towards circularity. One of the approaches for actors
to innovate for long-term societal solutions that contribute to societal missions,
such as circularity, is the innovation ecosystem (Konietzko et al., 2020). We
explore this perspective in the infrastructure context in Study 5. An innovation
ecosystem is generally understood as a collaborative network of actors fostering
the development and growth of new ideas and technologies. In other sectors,
such as the tech or automobile industries, innovation ecosystems are well-
established for facilitating complex and long-term innovations (Adner, 2016).
While the innovation system approach might work in these other domains, the
potential benefits and limitations for the infrastructure sector are unclear,
which leads to RQ5.

How can the innovation ecosystem concept facilitate
R Q 5 collaborations to innovate for challenges beyond the
project context?

In Study 5 (Chapter 6), we studied the potential and limitations of innovation
ecosystems in the context of innovative infrastructure projects based on the
central characteristics of innovation ecosystems literature. Using these
characteristics, we looked at five empirical collaborative settings with an
innovation-oriented character and project-transcending innovation goals in the
infrastructure practice to explore how and to what extent these initiatives could
be understood as innovation ecosystems and how they could benefit from
applying innovation ecosystem traits. Four of these cases aimed explicitly at
implementing circular solutions in infrastructure and the fifth case regarded
circularity as an implicit outcome. Studying these cases allowed us to
foreshadow the potential and limitations of innovation ecosystems as a
framework for project-transcending collaboration and innovation in the
infrastructure domain. This resulted in several approaches in which the
limitations of projects to address long-term objectives, such as circularity, could
be addressed effectively. Despite the potential for adopting an innovation
ecosystem perspective to offer the conditions to deal with societal challenges,
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a key finding was the notoriously difficult need for cultural and behavioural
changes throughout the sector.

1.5 Structure of dissertation

The overview of the dissertation’s chapters is summarized in Table 1. The main
body of this dissertation, starting subsequent to this introductory chapter, is
composed of five journal articles, each representing a chapter that addresses a
separate research question. Despite being executed as separate studies with
different theoretical underpinnings, the studies are building upon each other,
together addressing the overarching main research question (Figure 1). Each
paper is integrally inserted as a chapter. However, slight language and style
adaptations, such as abbreviations, actor names, and UK/US English, are applied
to safeguard consistency throughout the dissertation. Given the collaborative
nature of the research approach, a separate column is included in the figure to
offer transparency on the contributions of the co-authors of each chapter.

After the five chapters representing separate studies, the dissertation ends
with a concluding chapter in which the action perspectives to serve decision-
makers are explicitly linked to the scales and timeframes. Beyond addressing the
RQs, | reflect upon the implications for both theory and practice beyond the
single dissertation’s chapters in this final chapter. Moreover, the concluding
chapter reflects on the limitations and outlook for future research.

The domain of circular infrastructure being the constant, the research in
this dissertation is executed using multiple theoretical and conceptual lenses for
the separate studies. Considering the main research objective, | believe this is a
strength of the overall research approach, as it allows for shedding multiple
lights on the challenges of the respective transition. Nevertheless, reading the
dissertation cover to cover might feel theoretically and methodologically
perplexing. Therefore, | recommend carefully reading the chapters’ theoretical
and methodological sections before reviewing the results and conclusions.
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Table 1. Overview of the dissertation, author contributions, and related publications.

Ch. | Chapter title Research question Author Published as

# (RQ) contribution*

1 Introduction. T.B.J. Coenen (Co, Only as a chapter in

MWD, RE) this dissertation.
L. Volker (RE)
K. Visscher (RE)

2 A systemic (Study 1) What are T.B.J. Coenen (Co, Coenen, T.B. J,,
perspective on | the systemic barriers Me, FA, ID, MWD, Visscher, K., &
transition and lock-ins to RE) Volker, L. (2023). A
barriers to a transitioning towards | K. Visscher (Co, systemic
circular a circular CWD RE) perspective on
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19



Ch. | Chapter title

Research question
(RQ)

Chapter 1: Introduction

Author
contribution*

Published as

5 Navigating
institutional
plurality in
pursuit of a
circular
economy.

6 Collaboration
and innovation
beyond project
boundaries.

7 Discussion and
conclusions.

(Study 4) How do
infrastructure client
organizations deal
with the institutional
pressures caused by
the circularity
transition?

(Study 5) How can the
innovation ecosystem
concept facilitate
collaborations to
innovate for
challenges beyond
the project context?

(Main RQ) How can
the mission-oriented
transition towards
circular infrastructure
be governed?

T.B.J. Coenen (Co,
Me, FA, ID, MWD,
RE)

N.I. Frederiksen (Co,
MWD, RE)

L. Volker (Co, RE)

K. Visscher (RE)

L. Vosman (Co, Me,
FA, ID, MWD, RE)
T.B.J. Coenen (Co,
Me, FA, ID, MWD,
RE)

L. Volker (Co, CWD,
RE)

K. Visscher (Co, RE)

T.B.J. Coenen (Co,
MWD, RE)

L. Volker (RE)

K. Visscher (RE)

Under review.

Vosman, L.,
Coenen, T.B.J,,
Volker, L., &
Visscher, K. (2023).
Collaboration and
innovation beyond
project boundaries:
exploring the
potential of an
ecosystem
perspective in the
infrastructure
sector. Construction
Management and
Economics, 41(6),
457-474.

Only as a chapter in
this dissertation.

*Co = Conceptualization; Me = Methodology, FA = Formal analysis; ID = Investigation and data
collection; MWD = Main writing original draft; CWD = Co-writing original draft; RE = Review and

editing.

20



chapter 2

a systemic perspective
on transition barriers to a
circular infrastructure sector



Chapter 2: Systemic perspective on transition barriers

Abstract: Due to the large use of resources and waste generation, the transition
to a circular economy (CE) has become a major sustainability-related topic in
construction. Intentions to achieve circularity are shared widely, but
developments are slow in practice. This study identifies systemic barriers to the
circularity transition from a socio-technical, systemic perspective. We used the
Mission-oriented Innovation System (MIS) framework to provide insights into
the problems and potential solutions underlying the CE mission, the structure of
the system and the system dynamics. Based on the analysis of a wide range of
policy documents and twenty in-depth interviews with stakeholders in the
Dutch infrastructure sector, three vicious cycles were identified that form
persistent barriers to the transition: (1) the circularity contestation cycle given
the contested nature of the CE mission; (2) the knowledge diffusion cycle given
the need to adopt and diffuse knowledge; and (3) the innovation cycle when it
comes to procuring and upscaling circular innovations. These barriers all relate
to processual, organizational and institutional challenges rather than to
technological ones. This indicates that construction managers, policymakers and
researchers in the field of infrastructure circularity should shift their focus from
specific circular solutions to creating appropriate conditions for changing
current and introducing novel processes that facilitate circular ways of doing
things.

This chapter has been published as:

Coenen, T.B.J., Visscher, K., & Volker, L. (2023). A systemic perspective on transition
barriers to a circular infrastructure sector. Construction Management and
economics, 41(1), pp. 22-43. https://doi.org/10.1080/01446193.2022.2151024

Elements of this chapter have been previously presented in:

Coenen, T.B.J., Volker, L., & Visscher, K. (2021). Introducing circular innovation in the
construction industry: The case of the circular viaduct. In: Proceedings of the 37th
Annual ARCOM Conference (pp. 624-633).

Coenen, T.B.J., Visscher, K., & Volker, L. (2021). Appraising the mission-oriented
innovation system framework in practice: The transition towards a circular
infrastructure sector. Eu-SPRI Early Career Conference, Paris, 2021.
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2.1 Introduction

Due to the large use of resources and waste generation in construction, the
transition to a circular economy (CE) has become a major sustainability-related
topic (Benachio et al., 2020; Joensuu et al., 2020). Unfortunately, in practice,
developments lag the widely shared intentions and strategies for achieving
circularity, despite the growing body of literature on CE in the built environment
(Mhatre et al.,, 2021). Much of this literature targets specific strategies,
technological solutions or frameworks that should be applied, such as novel
design or reuse strategies (Charef et al., 2021). Further, the majority of the CE
literature focuses on the private rather than public sectors, such as
infrastructure, and this has major implications for implementation (Klein, et al.,
2022). However, becoming circular as an industry requires not only new
technologies but also socio-technical changes, including context-specific
reconsideration of relationships, institutions and practices (Singh et al., 2021).
As such, socio-technical change towards an inherently more sustainable system
is needed, a process which is referred to as a sustainability transition (Kéhler et
al., 2019).

Despite this general recognition, the barriers to introducing these changes
in practice just seem to be too high within the current industry for a smooth
transition to take place. When considering systemic change, most construction
and project management scholars look at specific actors, projects, institutions,
indicators, tools, mechanisms or practices rather than the sector at large. Gluch
and Svensson (2018), for instance, explained changing practices as requiring
intertwined multilevel actions by practitioners. Others took a more systemic
view regarding sectoral change but focussed on a specific (technological)
solution (Toppinen et al.,, 2019). Salmi et al. (2022) considered the wider
sustainability transition in construction by focusing on the role of municipalities
within the wide landscape of actors. In a similar vein, a systemic view was
adopted to understand the role of narratives as temporal discourses to guide
and shape innovation (Ninan et al., 2022). While Leiringer et al. (2022)
addressed the systemic level, leaving room for many solutions to become
circular, their scope was unfortunately limited to the role of assessment
methods. Although individual solutions and strategies are important ingredients
for a successful transition, understanding these is not enough to inform
policymakers of the actual barriers to comprehensive system change. We
therefore aim to identify the root causes of a smooth transition towards a CE at
the industry level, referred to as systemic barriers.

From a policy perspective, socio-technical transitions are increasingly
directed towards shared societal challenges synthesized in missions (Schot &
Steinmueller, 2018a). Such missions are formulated in sectoral, national or even
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supra-national agreements on, for example, climate change, socioeconomic
inequality or insecurity (Mazzucato, 2018a). These missions can be found on
supra-national levels, such as the United Nation’s Sustainable Development
Goals (SDGs), but also on national and regional levels, and even within
organizations and often include open-ended discourses and shared long-term
goals (Janssen et al., 2021; Kuhlmann & Rip, 2018). Mission-oriented innovation
policies are considered instrumental in shifting transitions towards a desired
direction (Schot & Steinmueller, 2018a), since such policies “[provide]
directionality in supporting the process towards converging problem-solution
constellations” (Wanzenbdck et al., 2020, p.475).

The purpose of this chapter is to reveal the systemic barriers to transitioning
towards a CE in the infrastructure sector by analysing a construction sector in
transition and seeking an understanding of the circularity transition in
construction that goes beyond single changes and solutions. Specifically, we
study the Dutch infrastructure sector, which is considered a frontrunner in CE
policy (Giorgi et al., 2022), to contribute to knowledge building on this topic in
the field of construction management.

To address the co-evolutionary and non-linear dynamics that are inherent
in transitions (Kohler et al., 2019), we employ the Mission-oriented Innovation
System (MIS) framework (Hekkert et al., 2020; Wesseling & Meijerhof, 2023).
This framework takes a systemic and directional view concerning transitions,
rather than looking at specific solutions or practical problems that negatively
influence the pace and direction of transformative processes (Wieczorek &
Hekkert, 2012). We aim to determine how mission-oriented innovation policies
can accelerate specific mission achievements since clarity is needed on the
structure and dynamics of the socio-technical system including its actors and
activities in which the transition takes place (Hekkert et al., 2007).

The remainder of this chapter is structured as follows. First, in Section 2.2,
the general transition concepts are introduced to inform the subsequent MIS
framework in Section 2.3 that we use to study the transition. This is followed by
a discussion of the research approach and the empirical results in Sections 2.4
and 2.5 respectively. The chapter continues with a description of the barriers in
Section 2.6 and a discussion their implications in Section 2.7, before drawing
conclusions and providing recommendations in Section 2.8.

2.2 Understanding transformations of socio-technical systems

Transitions are generally understood as transformations of socio-technical
systems (Grin et al., 2010). Such systems, which can be delineated, possibly
spatially or sectorally, consist of many elements that co-evolve and change the
system. This shift is propelled through an interplay that involves many actors
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and institutions (Geels, 2004). Transitions embody a transformation or
replacement of socio-technical regimes. These regimes refer to a “semi-
coherent set of rules that orient and coordinate the activities of the [actor]
groups that reproduce the various elements of [the system]” (Geels 2011, p.27).
Change processes are generally assumed to be contested, inherently uncertain
and multi-decade in duration (Kohler et al., 2019). In addition, societal
challenges and specific missions, such as the quest for a CE, add a normative and
directional component to this change, often approached from a public policy
perspective (e.g., Janssen et al. 2021). Beyond trying to fix market failures,
governments increasingly intervene to direct change in a societally desirable
direction —i.e. a mission (Mazzucato et al., 2020).

When studying a transition, it is generally assumed that the socio-technical
structures exist in an independent but layered way and are not directly
observable (Geels, 2022). Therefore, although mediated by individuals,
knowledge can only be captured by studying socio-institutional causal
mechanisms through a wide range of potential frameworks and methods. To
reveal systemic barriers to the transition towards a CE in the Dutch
infrastructure sector, it is therefore helpful to adopt an analytical framework
that enables us to link observable developments in the sector to explanatory
mechanisms.

We use the concept of Innovation Systems as explained by Carlsson et al.
(2002) to describe the constellation of components, relationships and attributes
involved in the development of innovation. Depending on the scope of the
change or innovation, and the boundaries placed around the system,
conceptualizations vary and can be in the form of National Innovation Systems,
Sectoral Innovation Systems or Technological Innovation Systems (TIS)
(Souzanchi Kashani & Roshani, 2019). Traditionally, these Innovation Systems
have been aimed at helping policymakers stimulate innovativeness for
economic growth in a particular context. Over the past decade, the TIS concept,
in particular, has developed into a framework for policy-making, addressing
sustainability transitions around the development of specific (sets of)
technologies embedded in socio-technical systems (Kohler et al., 2019). In
particular, a system functions approach has become a key feature in explaining
the development, diffusion and utilization of changes and innovations (Bergek,
2019). The rationale for these system functions is that the lack of a positive
presence and alignment of functions is indicative of system weaknesses and
reveals opportunities for policy improvement and intervention (Hekkert &
Negro, 2009). Examples of such empirical studies in the construction industry
include the sustainability transition of sustainable concrete in the Netherlands
(Wesseling & Van der Vooren, 2017) and the introduction of wood in multi-
storage buildings in Finland (Toivonen et al., 2021).
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Grounded in the TIS framework as well as responding to the call to shift
innovation policy from economic growth towards stimulating innovation
towards a specific societal mission (Kattel & Mazzucato, 2018; Kuhlmann & Rip,
2018), Hekkert et al. (2020) proposed the Mission-oriented Innovation System
(MIS) framework. Here, the MIS places the mission, such as the development of
a CE or a zero-carbon society, at the centre of the system analysis.

2.3 The mission-oriented innovation systems (MIS) framework

The Mission-oriented Innovation System (MIS) framework is defined as “the
network of agents and set of institutions that contribute to the development
and diffusion of innovative solutions with the aim to define, pursue and
complete a societal mission” (Hekkert et al.,, 2020, p.77). It facilitates the
analysis of innovation and change-delineated systems concerning predefined
missions. Eventually, the structure and functioning of the predefined MIS
provide the insights needed to determine the barriers to effective mission
attainment. The MIS framework consists of four major parts that need to be
determined (Wesseling & Meijerhof, 2023). The first part is the problem-
solution space. This concerns the definition of, and dynamics between, the
societal challenges that the mission aims to address (e.g. climate change) and
the potential solutions to address these challenges (e.g. wind energy). It focuses
on the level of convergence between the framings of the societal problems
underlying the mission and the variety and prioritization of solution pathways
(Wanzenbock et al., 2020).

The second part pertains to the composition and rules of the system. This
includes the system elements, their relationships, and the boundaries of the
MIS. These can be derived from a description of the involved actors, networks
and institutions that give the system its particular and unique characteristics. As
such, this provides the boundary conditions for the workings of the system.
Moreover, an analysis of the structure addresses the presence and structure of
one or more mission arenas within the wider MIS. These are defined by
Wesseling & Meijerhof (2023, p.3) as “[spaces of] actors that are engaged in the
highly political and often heavily contested process of mission governance”.
Depending on the mission, arenas can be industry networks, collections of
frontrunners or formal working groups that aim to direct the mission.

The third part consists of the innovation-enabling or innovation-preventing
activities and processes within the system in terms of the mission. This system
functioning is determined based on theory-derived but empirically validated key
system functions (Bergek, 2019). Largely based on TIS conceptualizations and
empirical case studies (Bergek et al., 2008; Hekkert and Negro, 2009), the MIS
functions are defined as abstract categories of (clusters of) activities and sub-
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processes of the overall innovation processes that provide insights into the
dynamics and potential patterns of change and innovation concerning the
development of the innovation system (Hekkert et al., 2007). Although the
extent to which the system functions need to be present or aligned depends on
the particular system studied, they have explanatory power concerning
transformational failures and play a crucial role in identifying systemic barriers
(Raven & Walrave, 2020). In addition, the performance of functions can be
causal. For example, a lack of legitimacy for a specific mission (e.g. increasing
biodiversity) might lead to a lack of resources (e.g. no subsidy schemes), which
might lead to a lack of entrepreneurial activities (e.g. only a few pilot projects).
The resulting list of MIS functions adapted from Wesseling and Meijerhof (2023)
is shown in Table 2.

The knowledge of the problems and solutions that the MIS addresses, the
structural characteristics of the MIS, and the activities and developments that
take place in the MIS that influence mission attainment provide an
understanding of the MIS. Together, these three parts enable the identification
of barriers (the fourth part) by revealing causes of, and causalities between, the
underperforming or misaligned functions based on the events and activities that
are linked to the functions. The resulting causal chains can result in vicious and
virtuous cycles (Suurs, 2009). These causalities provide insights into the locked-
in dynamics that are valuable in determining interventions that can remove
barriers and guide and stimulate a transition — in our case the transition to a
circular infrastructure sector.

2.4 Research approach

In this section, we first introduce the case study of the transition towards a
circular infrastructure sector in the Netherlands. Second, the data sources and
collection methods are discussed and, third, we explain how these data were
analysed.

2.4.1 Case selection, characteristics and boundaries

We apply the MIS framework to the Dutch infrastructure sector since this is
considered a frontrunner in CE policy (Giorgi et al., 2022). For this research,
boundaries were placed around Dutch infrastructure works commissioned by
public bodies only. These include road infrastructure, railway infrastructure and
waterways, and all supportive assets, such as bridges, dams, sluices and tunnels.
Energy infrastructure, telecommunication infrastructure and the cable and pipe
subsectors were not part of this analysis.
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Table 2. List of MIS functions (adapted from Wesseling & Meijerhof, 2023).

Code Function Description
. Activities, initiatives, experiments, pilot projects, market
Entrepreneurial . . . .
F1 L introductions and novel business models regarding (clusters
activities . o
of) novel solutions related to the mission.
Creating knowledge of the problems and solutions “by
£2 Knowledge research” and “by doing”, including forecast studies,
development laboratory work, field studies, working groups and strategic
studies.
Dissemination and adoption of knowledge regarding the
3 Knowledge problems and solutions through media, stakeholder
diffusion meetings, knowledge networks, governance structures,
publications and interaction.
F4
Problem Formulation and guidance of the societal problem(s)
Fda . . . concerning the mission and their priority and interaction
directionality . . .
concerning other societal problems and missions.
. The efforts made to provide direction towards the mission
Solution . N
F4b . . . goals in terms of (clusters of and coordination between)
directionality . . S
potential solutions and their priorities.
Monitoring, evaluation, active learning, impact assessment,
Fac Reflexive securing knowledge and anticipation of progress to provide
governance input for guidance and governance concerning the mission
attainment.
Creation of conditions such that innovative solutions can
Market develop and compete with existing practices through, for
F5 creation and example, creating “arenas”, and pricing mechanisms, as well
destabilisation as phasing out and destabilizing undesirable markets
concerning the mission.
Mobilization of financial, human and material resources to
Resource . .
F6 (re-)allocation enable other system functions and withdrawal of resources
that support unwanted activities concerning the mission.
. Creating and eliminating legitimacy and social acceptance for
Creation and the solugtions and roblgmsgres ec\iivel and in favcl)our of the
F7 withdrawal of P P 4

legitimacy

mission through raising awareness, stakeholder engagement,
lobbying, standardization, championing etc.
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Infrastructure sectors have several typical characteristics that affect which data
can be collected and how. First, it is a public sector with a highly politicized
context. This means that the assets are generally purchased, owned and
financed by public organizations (Dominguez et al., 2009). Further, client-
contractor relations are subject to public procurement law, which puts strict
rules on contracting to guarantee transparency and a level playing field (Volker,
2010). Here, the government, as a client, has considerable power in setting the
terms for specific projects and in deploying specific governance instruments
(Hueskes et al., 2017). Nevertheless, infrastructure is designed, commissioned
and maintained through a rather fixed system of actors and institutions (Lienert
et al., 2013).

Second, infrastructure assets are highly unique, resource intensive and
often have multi-year lead times and multi-decade lifespans. This leads to
challenges in planning, management and governance. Moreover, it is difficult to
measure circularity benefits in the infrastructure sector due to these long asset
lifespans and lack of clarity as to what circularity is in this context (Coenen et al.
2021a). Third, infrastructure works are usually executed as multi-actor public-
private projects with strict predefined goals and task specifications, time/budget
constraints and interdependent team and actor relations (Harty, 2005). In these
projects, participants traditionally have conflicting interests (Olander & Landin,
2008). Overall, the reputation of the sector is a conservative and risk-averse one,
sustained by the small profit margins.

2.4.2 Data collection

For the case study, we collected data from multiple sources to reveal insights
into the first three components of the MIS framework. In terms of the problem-
solution analysis, we studied the range of problems and solutions as reflected
by the mission. These were collected from policy documents and then
complemented and validated by interviews. For the structural analysis, we
established an overview of the sector in terms of actors and institutions. Here,
too, policy documents served as the primary data source. In addition, academic
literature was used to understand the particularities of the sector and interviews
were then carried out to complement and validate the findings. To identify the
presence and relationships between the MIS functions (Table 2), we needed to
understand the developments in the sector as experienced by practitioners.
Here, we carried out in-depth interviews rather than study policy documents as
the primary source on the basis that such documents tend to reflect what used
to happen or ought to happen rather than what currently happens in practice.
Thirteen policy documents were studied to define the mission, mission
arenas and predefined boundaries of the Dutch infrastructure sector (see
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Appendix 2.1). This set contained documents produced between 2015 and 2021
by central and regional governments and industry networks that specifically
addressed circularity goals, measures and strategies for infrastructure. These
documents were collected through an internet search. Here, we primarily made
use of the formal website of the “circular construction economy” that was
launched by the Dutch Government.

The interviewees were selected using a purposive sampling strategy
(Campbell et al., 2020), aiming to include a variety of perspectives on the
transition and the different actor types as categorized by Kuhlmann and Arnold
(2001). These categories included demand (public clients), industrial system
(contractors and suppliers), intermediary organizations (network organizations,
advisories and thematic experts), education and research (public and private
research organizations), resource infrastructure (financers) and political system
(policymakers). The results from the analysis of the policy documents were used
to specify the interview questions that were largely deduced from the system
functions of the MIS framework (Table 2) and to tailor these to the infrastructure
context.

In total, twenty people were interviewed in two sets of interviews. First, we
conducted ten in-depth semi-structured interviews of approximately ninety
minutes each. The identified MIS functions were used as a basis to acquire a
general overview of the performance and dynamics of the MIS in practice. These
interviews helped to generate a systemic view by tracing developments in an
explorative way. In line with the interpretive genre in interview studies (Langley
& Meziani, 2020), we focused on the differing perspectives and backgrounds of
the interviewees. Hence, this first set of interviews produced an overview of the
unclarities, ambiguities and contested subjects. The second set of interviews
was executed following a more structured approach that focused on clarifying
specific unclarities. Saturation was reached after ten of these structured
interviews (see Appendix 2.2 for the full anonymized list). These were
transcribed verbatim, resulting in twenty documents of 7,000-13,000 words
each.

2.4.3 Data analysis

We analysed the policy documents to create a narrative on the development of
a CE since 2015, and to determine the problem and solution spaces and their
interaction. Statements from the interviews were used to complement and
validate this narrative. Furthermore, the documents were analysed on the actor
and actor group level to establish an overview of the mission arenas and
structural barriers to the transition. In addition, we analysed professional and
scientific literature to create a comprehensive overview of the system, including
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specifics of the infrastructure sector that affect developments towards mission
attainment, such as its project-based nature, dependence on procurement law
and long asset lifespans.

The Atlas.ti software tool was used to link the interview data to system
functions (Table 2). For example, when an interviewee mentioned the financing
of a circular pilot, it was labelled under function 6 (resource mobilization) and
when an interviewee explained the consequences of the procurement process
for the ability to develop circular solutions it was placed under function 5
(market formation). Next, all the comments regarding a particular function were
summarized for each interviewee. We inserted these quotes in a large matrix
with the interviewees on one axis and the MIS functions on the other, followed
by a cross-interviewee analysis for each function, in which each referral to
another function or structural characteristic was noted separately. This was first
done for the first ten interviews and later complemented with the latter ten.
Finally, we summarized the functions in qualitative terms based on the matrix
to draw conclusions on their performance.

By studying the functional relationships mentioned by interviewees and by
searching for explanations for underperforming functions in the interview
transcripts and policy documents, causal links between functional and structural
elements that hamper the transition were identified. These were assembled in
an elaborate causal diagram in which specific reasons were linked to specific
functional and structural elements. The resulting diagram was discussed with
professionals from Rijkswaterstaat. Based on this validation with practice,
elements with similar causations were clustered to simplify the diagram. This
enabled the identification of three vicious cycles that can be understood as
looping chains of cumulative causation (Suurs, 2009) that we labelled: (1) the
circularity contestation cycle; (2) the knowledge diffusion cycle; and (3) the
innovation cycle.

First, we discuss the problem-solution analysis, structural analysis and
functional analysis from the MIS framework, followed by describing the barriers
and vicious cycles that were identified within the Dutch infrastructure sector.
The results related to the first three framework components are described in
the Section 2.5, and the final systemic barriers in the fourth part are discussed
in the Section 2.6.

2.5 Results and analysis

2.5.1 Problem-solution analysis

The Dutch government set a mission to be fully circular in 2050, but it is
experiencing difficulties in the implementation of circular innovations and
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practices for achieving this mission (Hanemaaijer et al., 2020). Since 2014,
circularity gained traction as a holistic means to reduce environmental impact
and sustain a healthy economy. It ever since developed into one of the dominant
concepts in the field of environmental sustainability (Goyal et al., 2021).
Generally, the interpretation of the circularity definition is linked to closing
resource loops in order to minimize resource depletion and waste creation in all
industries (Kirchherr et al., 2017).

Nevertheless, the focus on technological solutions and economic gains,
rather than the resulting environmental impact, has also been one of its main
criticisms (Corvellec et al., 2022). While it gained popularity, the diversity of
interpretations also increased, leading to CE being an essentially contested
concept (Blomsma & Brennan, 2017; Korhonen et al.,, 2018). The differing
interpretations are not only limited to the pluralistic perspectives of scholars,
but also include varying meanings in particular geographic, sectoral,
technological and socio-economic contexts (Calisto Friant et al., 2020), and have
changed through time.

Nevertheless, many public organizations have incorporated circularity in
strategies and policies. Here, circularity has often become a goal in itself with
time-bound targets in terms of waste reduction, reduction of virgin material
uses and reduction of carbon emissions. Despite being presented as a mission in
itself, in many documents, circularity had been introduced as a means to address
societal challenges on all governance levels, not just resource scarcity and waste
generation but also wider issues, such as carbon emissions and loss of
biodiversity. In the next sections, the mission development and current
problem-solution space are discussed in greater depth.

The origins and goals of the CE mission in Dutch infrastructure

For the Dutch infrastructure sector, according to a policy officer, “the step
towards formal CE policy was taken rather radically”. It was connected to
previous and parallel missions and agreements. Largely grounded in the national
strategy Nederland circulair in 2050 [The Netherlands circular in 2050], the
Resource Agreement stated that the infrastructure sector should procure 100%
circularly in 2023, reduce its use of virgin resources by 50% in 2030, work
circularly while reducing its CO, emissions by 49% in 2030 and be fully circular in
2050. The resulting transition agendas published in 2018 formed the starting
point for the formal sectoral transition.

Substantiation and execution of the national mission for infrastructure take
place from 2018 onward, aside from their initiatives, largely delegated to
Rijkswaterstaat [Dutch Directorate-General for Public Works and Water
Management]. The goals and strategies were adopted in agreements by other
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public bodies such as municipalities, provinces and waterboards. Substantiation
and operationalization of the strategies differed between these decentral
government bodies and appear to have been poorly aligned and coordinated.
The Unie van Waterschappen [national waterboard platform] was an exception.
As one representative mentioned, “we, as 21 waterboards, find it essential to
exude a shared ambition”; a view that differs from the more politicized and
individualistic disposition of municipalities and provinces.

Problem space

Despite the clear goals in policy documents, interviews revealed contestation
about the problem space in practice. This contestation centred around the
societal challenges that the mission addressed, to what extent there was
consensus on these challenges, and how the mission related to other missions
and challenges — particularly concerning sustainability. In addition, some
interviewees presented a definition of circularity in terms of solutions, or even
in terms of measurement criteria, rather than in terms of problems. Although
considering circularity as a goal might increase the actionability of the concept,
it runs the risk of developing solutions that address no essential problems. Also,
there appeared to be no consensus on potential feasibility. Moreover, the
meaning of circularity seems to be an evolving construct and the question is how
useful it is to capture such a fluid concept in a fixed conceptualization. As one
interviewee put it, “if we keep adapting the definition of what a 100% CE means,
we will eventually get there, but if we stubbornly hold on to the current
definition, we won't”.

Several interviewees stressed the importance of distinguishing circular
economy in general from circular construction or circular infrastructure. The
former interpretation relates to reforming society at large towards a closed-loop
system, whereas the latter is aimed at more concrete resource-related issues in
the construction process, often addressing specific issues of resource depletion.
Most interviewees who did not distinguish between the two seemed to have
interpreted circularity as the latter. Nevertheless, the operationalization of both
interpretations through circular solutions was strongly subjected to
contestation.

Solution space

Specific solutions were barely and only specified in the policy reports in abstract
terms. However, when analysing the interviewees’ interpretations of the
solution space, operationalizations of circular solution pathways appeared on
three levels (Table 3). First, there was the level for actual (technological)
solutions, such as modular design or bio-based materials. Second, there was the
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level of circularity design, construction and operation strategies. This includes
the waste hierarchy, in which various Rs are defined to be circular to a certain
extent (e.g., Potting et al., 2017). This waste hierarchy could also be found in
several policy documents. Third, there were solution directions aimed at the
conditions necessary for a circular system, such as data strategies, measurement
tools or procurement strategies to facilitate circular decision-making during
asset lifecycles. The overall Dutch strategy in infrastructure seems to be focusing
on this third level, particularly with respect to procurement as a tool to stimulate
circular alternatives.

Table 3. Circular solutions in the infrastructure sector exist on three levels.

Level of solution Description and examples

Circular solutions in terms of material use, design strategies or
other technological changes or innovations. Well-known
examples are bio-based materials and modular design.

1. Technological
solutions

Circular solutions in terms of conceptual strategies and
principles, e.g., refuse, reuse and recycle. The most
prominently applied way is the waste hierarchy, which is often
operationalized in the R-ladder (varying from 3 to 10 Rs).

2. Solutions as
abstract
strategies

Circular solutions in terms of conditions for facilitating the first
two categories, are often aimed at processual, institutional and
organizational changes. Well-known examples are circular data
management strategies and circular business models.

3. Solutions on
conditions for
circularity

Solutions on the third level appear to be rapidly converging as there are, at least
on paper, numerous networking activities. However, solutions for the first two
levels are still highly contested throughout the sector. The first level is still
divergent, indicated by the high level of experimentation and low level of
uniformity, which, according to some interviewees, fits the current early phase
of the transition. In line with several other respondents, a public manager
observed that “rather than a sustainability issue, circularity is an asset
management issue”. In a similar vein, several interviewees stressed that the
circularity transition is an organizational challenge, rather than an innovation
challenge.

Specific solutions are generally developed by market parties to address
public tenders. These solutions are eventually determined by the public clients
who either develop, purchase or collaborate on certain solutions. As such, the
public clients’ procurement power strengthens the top-down ability to steer the
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formal problem direction. This resonates with Jones (2018) who urged for an
intelligent combination of top-down steering and bottom-up action concerning
a widely-interpreted sustainable built environment. However, an interviewee
also pointed out that, “often, not only the [circular] solution, but also the [level
of] circularity ambition is procured”, indicating a lack of central (top-down)
steering and coordination from a client’s perspective. This is problematic
because by only addressing that “something circular” is desired and not the
degree and boundaries of the conceptualization, it is nearly impossible to
compare and reward particular circular ideas within conventional procurement
processes.

Problem-solution interaction

The problem interpretation of the interviewees in terms of solutions indicates
that the directions and interpretations of the solutions result, not only from the
problem interpretation but also from the operationalization and direction of the
problem that are influenced by the solution. Similarly, the question as to
whether circularity is a goal in itself, or a means, has blurred over time,
especially in project contexts. A consultant even explained that because of
problem and solution contestation “l try to avoid terms like circularity and
sustainability and instead talk about the underlying problems and how we can
solve them”. This is in line with the findings on the innovation trajectory of the
Circular Viaduct in which the first reusable and modular viaduct was developed
as discussed in the introduction chapter. This case affected the Dutch
understanding of circularity as a concept in terms of circular design principles.

2.5.2 Structural analysis

Structure of the Dutch infrastructure MIS

The barriers to a circular infrastructure sector depend on the structure of the
studied system and its context. Dutch infrastructure works rely on the
involvement of various public bodies which are coordinated from various
ministries and regional governments. Furthermore, the sector encompasses
multiple subsectors, both horizontally (e.g., waterways, roads, railways) and
vertically down the supply chain (e.g., bridge elements, concrete production)
and has no clearly delineated boundaries. Both because of the distinctive
governance bodies and the many separate subsectors, the Dutch infrastructure
sector is generally considered fragmented by nature. In addition, the actors are
highly interdependent, given the regional nature of the construction market and
the small size of the Netherlands. While the clients guide the direction with their
purchasing power, eventually, the market parties introduce innovations. This
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results in tense and opposing relations and values across the whole sector
(Kuitert et al., 2019).

The Dutch infrastructure sector consisted in 2019 of over 1,100 contractors,
where only 34 companies have over 100 employees (EIB, 2021). The demand
side of the sector involves only a few large public clients (national and regional
bodies) but a few hundred smaller ones (mostly municipalities). In addition to
the clients and contractors, the sector comprises a large number and variety of,
e.g., suppliers, consultancy and engineering firms, knowledge institutions and
financers, as well as societal pressure groups and lobby groups that influence
the direction and pace of transition in the sector and are generally considered
to have a lot of power. Nevertheless, there is considerable variation in the
intensity and impact of the actors involved in the transition process and
circularity at large. Within the many subsectors, by far the most turnover was
generated from road construction, followed at some distance by concrete civil
engineering structures (ibid.).

Next to these actor constellations, the Dutch infrastructure sector has some
specific features that potentially affect the circularity transition. First, from a
political perspective, the past decades have been dominated by a neoliberal
system in which the New Public Management has become a central governance
paradigm (Kuitert, 2021). Here, the market has become more dominant in
determining direction at the cost of top-down public steering in which
responsibilities have been strongly shifted towards market parties (known as
“markt, tenzij” [market, unless]). Strengthened by the breach of confidence
resulting from the “Bouwfraude” [major collusion scheme of market parties in
the 1990s and early 2000s], the main task of the government has become to
offer the conditions for the market to exploit its full competitive potential while
risks are also allocated to the market. Due to the fierce competition between
the market parties, the profit margins are generally low, while the stakes and
risks taken are high. However, in the past few years, public-private relations
have slowly shifted towards a more collaborative approach towards finding
solutions and executing infrastructure works as a response to the structural time
and budget overruns in the sector.

Second, the Dutch infrastructure sector is challenged by an enormous
accumulation of deterred infrastructure assets in combination with a large
number of post-World War Il assets that are nearing their technical end-of-life.
This results in a huge task of renovation and replacement of infrastructure assets
across all tiers of government in the next few decades (Bleijenberg, 2021).
Currently, both the available budget and capacity are considered tight. Third,
the overall infrastructure is, compared to other countries, considered of
exceptionally high quality in terms of, e.g., connectivity, efficiency and reliability
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of roads, waterways and railways (World Economic Forum, 2019). This has
consequences for the standards to which circular alternatives should comply.

Mission arenas

We found that, because the mission was both centrally governed and several
platforms and networks exist in which the mission directions are developed, two
interrelated mission arenas exist (Figure 2): (1) Transition Team Circular Building
Economy (hereinafter referred to as ‘Transition Team’); and (2) platform Circular
Building ‘23 (hereinafter referred to as CB’23). Both mission arenas concern
both the infrastructure sector and the building construction sector, which
largely shape the built environment. Although both subsectors are addressed in
the overall goals and strategies, for example, in the Transition agenda circular
construction economy, their operationalization is discussed in separate
strategies and policies.

MS: Infrastructure sector

Mission arena 1:
Transition Team

Mission arena 2:

MIS: Building construction

wlt environment \ /

Figure 2. Schematic outlines of the MIS and two major mission arenas.

The Transition Team (Mission arena 1) forms a rather formalized arena. It was
established in 2018 by the Dutch Ministry of Economic Affairs and Climate (EZK)
and the Ministry of Infrastructure and Water Management (lenW) to shape and
steer the implementation programme towards circular construction in line with
the Transition Agenda. It consisted of 16 individuals who represented ministries,
other government bodies, universities, market organizations, and financers,
including their relations with other sectoral actors, both from building
construction and infrastructure.

CB’23 (Mission arena 2) is a platform established in 2017 by Rijkswaterstaat,
the Dutch Public Real Estate Agency and the Dutch Normalization Institute to
establish a shared basis for circular construction aimed at both building
construction and infrastructure. In contrast to the Transition Team, CB’23 is
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aimed at sector-wide participation and encourages all interested actors to join.
The result is a heterogeneous platform of over one hundred participants from
almost as many organizations contributing to several thematic working groups.
The output consists of widely supported and publicly available guidelines to
encourage circularity in construction. Active alignment exists between arena 1
and arena 2 with several individuals who participate in both the Transition Team
and the board of CB’23. As a result, there is no single place where the direction
of the transition towards circular infrastructure is governed. Instead, there is an
interconnected and dynamic collection of actors who operate in varying arenas.
Apart from these central mission arenas that aim to direct the transition at large,
specific arenas exist that aim at specific parts of the transition, such as the
agreements for specific material groups such as concrete [Betonakkoord] and
steel [Bouwakkoord staal]. These are not separately studied but merely
considered as context for the sectoral arenas.

2.5.3 Functional analysis

The performance of the MIS functions (Table 2) is summarized in Table 4. Based
on these functions, the dynamics in the sector are explained in greater depth in
the next sections.

Table 4. Summary of the results of the functional analysis per function.

Code  Function Performance

Even though the CE theme is widely shared across the

. industry, the actual initiatives in practice are still quite
Entrepreneurial

F1 L low in number and impact. Moreover, the current focus
activities . . .
is on pilots and experiments, rather than process and
organizational changes.
Huge steps have been made in the development of
£2 Knowledge circularity knowledge. However, some themes are still
development underdeveloped, such as distance-to-target knowledge,
as well as knowledge on the tactical level.
Despite a relatively high willingness to share circularity
knowledge through showcase examples and network
£3 Knowledge events, access to relevant knowledge is challenging,
diffusion especially for newcomers. Also, cross-project knowledge

diffusion and learning between projects and
organizations remains problematic.
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Performance

F4

F4a

F4b

F4c

F5

Fé6

F7

Problem
directionality

Solution
directionality

Reflexivity

Market
creation and
destabilisation

Resource
(re)allocation

Creation and
withdrawal of
legitimacy

There are several (policy) initiatives aimed at aligning the
CE mission with societal problems, but the perception of
circularity is rather contested and highly sector-specific.
In addition, the relation with other missions, such as
sustainability, is perceived divergently.

Several solution directions are in a fair stage of
development, but there is still a lack of consensus on the
priorities between those solutions. This exploration is
delegated to the market, rather than being top-down
directed. Yet, public clients play a significant role in the
solution directionality through their purchasing power.

The knowledge infrastructure and distance-to-target
knowledge are insufficient for reflexive governance on
circularity. However, there are major current
developments in these aspects. The circularity strategy is
continuously adapting and evolving to new
developments and insights on problems and solutions.

The main instrument to steer markets is the purchasing
power of public clients. Also, a lot of effort is being put
into experimenting with novel business models,
circularity-included procurement, and increasing the
minimum circularity requirements, but those still
insufficiently apply to conventional projects.

The allocation of funds for circular initiatives is increasing
but insufficient. However, a larger challenge is the lack of
capacity in terms of circularity-focused employees and
experts to adapt (non-circular) processes and practices.

Generally, the legitimacy of circularity is high throughout
the sector, but its priority is still too low compared to,
e.g., the energy transition or traditional infrastructure
values such as traffic hindrance.
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Entrepreneurial activities and experiments for circular solutions (F1)

The entrepreneurial activities and experiments for circular solutions are
increasingly visible in practice. Circularity appears as a topic in almost all
organizations and is covered in virtually all business strategies. This goes hand
in hand with an increasing societal awareness concerning squander and waste.
Yet, several interviewees stressed that most individuals and infrastructure
projects did neither actively address circularity nor circular innovation. A
foremost reason mentioned was that circularity is generally not an indicator to
measure the performance of projects or individuals. Furthermore, the degree to
which circularity is implemented differs markedly between organizations but is,
generally, low. The reasons mentioned for the low proactivity towards circular
solutions in market organizations were small profit margins, overcapacity in sub-
sectors and tight and prescriptive procurement procedures.

Given the large dependency of infrastructure works on public clients, the
lack of market initiative is largely a result of a circularity-unfriendly procurement
practice. As indicated by a contractor, “often you aren’t even going to look for
novel solutions, because [the clients] request a proven technology”. In addition,
public clients seem to struggle with handling unsolicited proposals, which
hampers circular market initiatives. Nevertheless, we found several networking
and collaboration initiatives, comprising both market parties and clients, that
explore the direction to innovate and implement circular actions. The result can
be seen in the increasing number of pilot projects that address circularity.

Development and diffusion of circularity-enabling knowledge (F2, F3)

The knowledge required to transition is being generated very rapidly by many
types of organizations, particularly the larger organizations, as well as by
academia. According to several interviewees, knowledge of conditions and
processes for circularity is being driven largely by commissions from ministries
and wider networks. Despite the many platforms and networks, individual
organizations often develop circular knowledge to increase their competitive
advantage, rather than to deliver sectoral or societal benefits. Yet, market
parties acknowledge increasingly the benefits of sharing knowledge -
particularly given the overall work overload, which reduces the risk of losing
competitive advantage. Regardless of the availability of knowledge, access to it
for actors new to the topic is considered problematic, especially in terms of the
complexity and specificity of circularity knowledge. This problem holds
particularly for smaller organizations that cannot spend a lot of time searching
for, developing and applying circularity knowledge.

The results indicated a major knowledge gap related to distance-to-target
knowledge of material and waste flows, material properties and future resource
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demand. This is the knowledge that is required to make circular decisions from
the perspective of governance and management, which creates challenges for
both the provision of giving a proper perspective to the market and the long-
term allocation of funds. The lack of perspective and long-term funding hampers
wider market investments in circular operations. Another commonly mentioned
gap was the lack of tactical knowledge to enable the implementation and
operationality of the strategies, on, for example, supply chains and
organizational processes. Nevertheless, developments are increasingly initiated
by client organizations in particular to develop this type of knowledge.

Alongside the knowledge in practice, we found that scientific knowledge on
the topic has experienced a large growth since 2015. As a researcher put it in
one of the interviews, “I think that [development of circularity knowledge] is
rapidly developing in a systematic way, albeit fragmentedly”. Although this
knowledge is often more fundamental and not necessarily aimed at the
infrastructure sector, it gets diffused and adopted in the network through
collaborations and network initiatives. Furthermore, circularity seems to
become increasingly a topic in civil engineering and construction management
education. This helps to diffuse scientific and professional knowledge to both
junior employees and experienced professionals.

However, sharing and adopting lessons and knowledge within organizations
and between projects appears to remain problematic. A clear coordination of
this knowledge development and diffusion throughout the sector seems to be
lacking, despite the conceptual alignment between the various initiatives and
the mission arenas. Recently, various initiatives have been initiated to overcome
this barrier, such as Communities of Practice (CoPs), implementation
programmes and client meetings to align circular ideas and strategic agendas.
As a consultant confirmed, “[there are] more and more places to showcase good
circular examples”. This helps to diffuse knowledge and inspire others. Yet,
despite the large amount of available circularity knowledge and pilot projects,
the diffusion of information, knowledge and lessons learnt was found to be one
of the foremost bottlenecks impacting the transition to circular infrastructure.

Directionality of the problem and solution pathways (F4a, F4b)

The problem-solution analysis shows the background of the problem and
solution pathways regarding circular construction. But how are these problems
and solutions directed and how is this directionality perceived? We found that
circularity in the infrastructure domain should be understood as circular
construction aimed primarily at maximizing value per unit resource, reducing the
use of virgin materials and reducing waste creation, whether or not to reduce
the overall environmental impact. While several interviewees stressed the
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importance of treating circularity as a separate theme to safeguard
governability, most of them argued that circularity must be viewed integrally
with other societal problems. These include the goals stated in the formal
policies, such as CO, emissions and energy use, but also issues like long-term
cost reductions and cost efficiency. Despite these differences in interpretation,
several interviewees referred to the CB’23 guidelines for a widely supported
definition of circular construction which was also adopted by the Transition
Team. The Dutch formal problem for infrastructure is nevertheless poorly
aligned with the circularity goals formulated by the overarching circularity
strategy report and the monitoring agency (Netherlands Environmental
Assessment Agency; PBL).

Notwithstanding the wide debate on and the embrace of circularity, most
interviewees stated that the priority of circularity remained too low compared
to other themes, such as traffic hindrance, cost efficiency or accessibility to
achieve the policy goals for 2030 and 2050. This holds not only true for top-down
policy, but also how for instance project managers are assessed on their
performance. In this current, early transition stage, the predominant
implementation activities are aimed at pilots and experiments to explore
circular solutions in infrastructure, rather than at becoming embedded into
regular infrastructure projects and practices. Increased by the long lead times of
infrastructure, this has resulted in meagre changes in terms of output results in
the short term.

Given the lack and poor coordination of standardization of solutions, it
remains unclear what the dominant solution pathways will be. These can range
from bio-based materials to increasing reusability to reorganizing asset
management. However, several interviewees mentioned that various kinds of
infrastructure require different kinds of circular solutions. To illustrate the
unclarity of dominant solutions, one civil servant pointed out that: “[...] it is not
so much the circular solutions themselves that are under debate, but rather how
and to which extent each solution should contribute to solving the problems”.

Also, more and more preconditional issues have come to light that are
required for the system to become more circular. These include restricting
legislation, organizational processes, project approaches and procurement
mechanisms. Although rules and legislation were mentioned as instruments to
direct the solution space, a policymaker highlighted the balancing act of “trying
to move the market in a desired direction, [while allowing] space for their
organizational changes and innovations”. This remark confirms the widely
shared perception that it should not be the role of the government to choose
specific solutions, but rather to provide the conditions for the market to come
up with the best solutions. This finding is consistent with the dominant public
governance paradigm in the Netherlands as discussed in the structural analysis.
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Reflexive governance (F4c)

Concerning the governance of the mission, we found that the large public clients
in particular developed several roadmaps, transition pathways and scenario
studies to provide longer-term direction to the transition activities and
accompanying solutions. These relate to several monitoring and assessment
activities, both within the sector and across sectors. At the project,
organizational, sectoral and cross-sectoral levels, individual circularity actions
and policies are generally assessed and evaluated. Nevertheless, due to the lack
of distance-to-target knowledge, it appears difficult to determine the
contribution of certain policies or actions and to adapt the coordination and
directionality strategies accordingly, especially on an organizational or project
level. As one public manager admitted, “we don’t know the actual
environmental impacts of actions and what is needed to reach the [CE] targets,
[...] so that makes it very difficult to steer”. A big challenge in governing the
transition, regardless of the monitoring and evaluation effort, is the long-term
planning in infrastructure that is strongly connected to the sector’s structure. As
long as circularity is not part of these long-term strategies, planning and
portfolios, the governance of circularity principles beyond newly built assets
remains impossible.

Interviewees also mentioned that it is difficult to learn across projects, even
when such projects are specifically labelled circular. This is partly because there
is no central knowledge infrastructure in place that facilitates governing, based
on lessons learnt in practice. Next to developing knowledge, in general, to allow
for reflexive governance, a major consequence appears to be the challenging
persuasion of politics to systematically allocate funds and build capacity for
circularity.

Creation of markets for circular solutions (F5)

Currently, circular market creation appears to be aimed primarily at
experiments and pilots for circular alternatives. To create markets for circularity
in a regular project setting, the public clients should take a leading role, since,
on the one hand, the market is insufficiently organized to do so and, on the other
hand, public clients have virtually all the means at hand to steer the transition.
As a contractor mentioned, “we are a demand-driven organization and if we do
not adhere to the demand, we won’t win tenders”. Procurement, especially, was
mentioned as a major tool to steer circularity opportunities and to shift from
procuring projects to longer-term collaboration forms that better incorporate
the lifecycle principles of CE.

Nevertheless, there is a large variety of competencies of public clients to
create the conditions for circular markets. Moreover, there is a lack of
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coordination between them to move the market in a circular direction. Next to
creating markets with circularity-friendly procurement, several interviewees
identified the provision of perspective for future circularity demand as a major
bottleneck to the market initiative. In that respect, interviewees urge
government clients to be prepared to allocate additional funds to create circular
markets expecting that, when these markets are in place, costs will be lower
than if the current linear way of working would be continued.

An ongoing debate in the domain of circular business models is to what
extent these contribute to the overall circularity mission. One dilemma cited was
the following. Extending producer or contractor responsibility, e.g., by service
contracts, may, on the one hand, result in incentives for resource efficiency,
while, on the other hand, it could reduce the control of the client to steer for
circularity in the long run, particularly considering the evolving meaning of
circularity.

Another challenge mentioned was that it depends on the subsector to what
extent clients can exert control on circularity requirements. This is strongly
linked to the market capacity, reliance of market parties on infrastructure works
and the number of contractors. Nevertheless, according to interviewees, new
markets should be created, and client organizations should steadily increase
thresholds associated with, e.g., recycling rates, CO, thresholds or waste
quantities. This can include award/punishment mechanisms for material use
and waste creation. Still, as one consultant revealed: “The danger with
regulations [for increasing thresholds] is that parties take that these as a
minimum norm, rather than trying to go beyond it”. Hence, a disadvantage of
such strategies is that these aim at pushing laggards rather than stimulating
frontrunners and early adopters to go even further. This connects to the
dilemma regarding the extent to which public clients are responsible for keeping
all market parties on board, as opposed to leaving structural laggards behind.

Finally, our data indicates several ways of stimulating the market at large.
Pricing mechanisms or revisions of the tax system from labour to resources were
often mentioned. This is in line with structural market barriers beyond the
sectoral boundaries (Kirchherr et al.,, 2018). Currently, the government has
several subsidy schemes that cover circularity, such as the Small Business
Innovation Research (SBIR) programme for circular bridges and grants for
replacing fossil-fuelled equipment with electric alternatives. Yet, these do not
seem to have led to many concrete advancements on a sectoral scale. One
foremost opportunity to offer conditions for circular alternatives in regular
projects would be to replace strict specifications with more functionally
specified tenders, which is already happening on an accumulative scale.
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Availability and allocation of resources (F6)

Funds in infrastructure are generally public. Hence, they are connected strongly
to political decision-making. Most interviewees agreed that there are not
enough funds available to finance the changes necessary for circularity —
particularly in the long term. Lack of distance-to-target knowledge, including
sector-wide material flows and recycling and reuse percentages, were
mentioned as important barriers to acquiring long-term funds. Next to the mere
availability of funds, we found that it is important to link (innovative)
construction funds to the maintenance and replacement challenges in the
infrastructure sector, especially for public clients. Consequently, it is not only
the number of resources but also the type of activities to which those resources
are linked that are needed to effectively stimulate the transition.

The data further suggested that politics should allocate more funds to
accompany their increasing targets and ambitions regarding circularity —
particularly for smaller local governments. As one public manager put it: “When
you get an assignment without the requisite means, you should think carefully
about the extent to which you are going to execute the assignment”. As such,
interviewees argue that decision-makers, managers and politicians are
insufficiently able to realize that circularity could lead to cost reductions in the
long run, especially when, e.g., CO; taxes in the future push up the price of virgin
materials. However, as another public manager argued: “Despite attention for
[CE] might be too low, advocates of safety or other themes probably would
probably argue for the same, [...] given the overall shortage of resources for
infrastructure and particularly its maintenance and operation”.

Funding of circularity is often coupled with sustainability in general. As a
result, circularity initiatives can often be financed with climate change-related
funds, e.g., carbon reduction or where the word climate is attached. When used
for circularity, available resources are often allocated to specific pilot projects
and technologies, while for making steps in circularity, resources need to be
allocated to structural organizational and operational change. Such investments
are still marginal, specifically within market parties. Although it was noted that
larger contractors tend to invest increasingly in circularity, the extent is still
considered too low and too slow.

Despite the abovementioned lack of financial resources for innovation, the
lack of capacity (i.e., employees dedicated to and knowledgeable on the topic)
seems to be a pressing challenge, too, which is reinforced by the overall labour
shortage in the Dutch construction sector. Nevertheless, in line with Gerding et
al. (2021), an increasing number of employees in public and market
organizations are showing an interest in circularity or are even dedicated to it.
Also, circularity is increasingly being integrated into educational programmes,
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which helps to equip future employees with circular knowledge and practices.
At the same time, an increasing number of young graduates want to work only
in companies with a clear and progressive vision of environmental issues.

Legitimacy for circular infrastructure (F7)

Overall, there seems to be considerable legitimacy for the circularity theme
throughout the Dutch infrastructure sector. This can be explained partly by the
clear link to national and supra-national agreements and, also, because of the
concept’s relation with long-term economic and environmental benefits.
Nevertheless, there are other competing themes with higher priority in the
Dutch infrastructure sector, such as the energy transition and nitrogen problems
that prevent construction projects from starting due to the refusal and delay of
building permits due to environmental reasons. Their influence can, however
big the circularity legitimacy, result in limited action. An often-mentioned
explanation is that other themes are easier to quantify, measure and compare,
particularly in the procurement stage. There is also increasing societal support
and a sense of urgency for the circularity theme. This has two benefits. First,
individuals project their concerns in their daily work and, second, individuals,
such as shareholders and civilians, increasingly call for circularity.

Notwithstanding legitimacy on an abstract level, the legitimacy of specific
solutions is not as univocal. Interviewees mentioned the considerable debate on
the solution directions and the roles that specific pathways can play, for
example, bio-based materials and design-for-reuse. Some seemed concerned
about the suitability of regulation for circular practices. Others argued that
existing legislation offers plenty of space for circular practices and solutions
when making use of the ‘grey area’, despite restricting boundaries — particularly
regarding ownership.

Most interviewees did not experience any organized anti-circularity lobby,
probably because most subsectors see a potential business case in circularity.
Nevertheless, a strong lobby can be expected, particularly from the bulk
material subsectors. As one consultant stated, “Everyone in the fossil sectors
understands by now that this won’t continue forever. [...] But despite [recent
developments], we don’t have the sustainable alternatives yet — which they
currently exploit”. Contrarily, sectors that see an opportunity in circularity
principles, such as the wood sector, are actively coupling lobbying activities to
the CE mission.
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2.6 Analysis of the barriers towards a circular infrastructure
industry

By linking the insufficiencies in the functions to specific structural or activity-
based causes as discussed in the previous section, three cycles that amount to
systemic barriers facing the Dutch infrastructure sector have been identified and
visualized in Figure 3. These three major cycles were labelled as: (1) the
circularity contestation cycle, in which the meaning of circularity is at the centre;
(2) the knowledge diffusion cycle, in which the diffusion and adoption of
circularity-supporting knowledge have a central place; and (3) the innovation
cycle, in which innovation, market creation and market initiative are

The first, circularity contestation cycle, centres on the observation that both
the problem and the solution spaces of circularity in infrastructure are
contested. That is, there is a divergent understanding of the problem—solution
interaction of circularity within the Dutch infrastructure sector. This increases
the complexity of searching for and developing circular solutions because,
particularly in the client—contractor relationships, there is a lack of alignment
between different understandings of which solutions are the most circular. This
contestation of circularity, reinforced by the long lead times and lifespans of
infrastructure, leads to difficulties in reflexive monitoring as it is unclear how the
benefits of certain activities or solutions can be allocated to the overall
circularity progress. A lack of clarity as to progress adds to the complexity of
governing the CE mission. Given the politicized environment in which
infrastructure is positioned within the public sector, a lack of clear contributions
from circular solutions to the long-term goals also hampers the long-term
funding of the CE mission, particularly for measures where the circularity
benefits are not directly visible (e.g. on asset prevention or lifespan extension).
This results in the slow implementation of circularity within organizational
processes which, in turn, contributes to a fragmentation of circular initiatives
and hence a divergent understanding of circularity.
central. The three cycles are explained in detail below.

The contestation of the circularity concept and the resulting low priority
given to it also has consequences for the knowledge diffusion cycle. Since there
is only very limited straightforward and explicit circularity knowledge available
to the parties, who also have only a limited capacity to execute projects, it is
challenging to apply knowledge in practice. This makes it difficult to implement
circular knowledge in organizations. First, slow implementation of knowledge in
organizations leads to a failure to allocate capacity to act in accordance with CE
principles. This is reinforced by the low priority given to the circularity compared
to other themes, such as risk mitigation and traffic continuity, which largely
stems from the lack of structural funding. As a result, circular solutions often
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remain in the pilot project stage, with only a little attention given to wider
applications within more conventional project settings. Second, the very limited
implementation of circular knowledge results in a lack of knowledge
infrastructure for circular practices. This leads to the poor availability of
knowledge for non-experts which, in turn, results in a slow implementation in
organizations.

The third, innovation cycle predominantly results in a lack of novel circular
alternatives. Conventional tenders can be characterized by their use of rather
prescriptive procurement methods. This can partly be explained by the strict
procurement laws and has the effect that it discourages the introduction of
unsolicited and novel proposals by market parties. Further, and sustained by the
sector’s risk-averse culture, tenders are often aimed at acquiring proven
solutions, which leaves little room for novel circular alternatives. This is a
particularly important issue for material innovations, which are considered key
in the wider transition towards a circular infrastructure sector. Together with
the lack of a long-term direction for circularity in terms of solutions and goals,
due to the contestation of circularity, as well as the tight profit margins in the
sector, this results in limited initiation and uptake of circular market-led
innovations. As a result, clients focus on stimulating market solutions through
pilot projects, with little emphasis on implementing more fundamental
organizational changes. In turn, this maintains the prescriptive nature of the
process of infrastructure procurement by client organizations.

In sum, three main sets of interrelated cyclic barriers that impede the
transition towards a circular infrastructure sector in the Netherlands have been
identified. An issue that affects all three cycles is the contestation of the
meaning and operationalization of circularity. Overcoming the self-reinforcing
nature of these cycles requires interventions on the systemic level.

2.7 Discussion

2.7.1 CE dynamics and barriers in the Dutch infrastructure sector

We have identified three major cycles that hamper the transition to circular
construction industry in the Netherlands: (1) the circularity contestation cycle,
reflecting the contestation of the CE mission; (2) the knowledge diffusion cycle,
covering the difficulties in knowledge diffusion and adoption in projects and
organizations; and (3) the innovation cycle, which addresses difficulties in
creating a market for circular innovation. These findings suggest that a greater
focus on organizational and institutional aspects is needed to facilitate the
multidimensional conditions required for the development, diffusion and
adoption of circular solutions. This contrasts with the rather technological focus
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in current research into achieving circularity in construction and infrastructure
(e.g. Munaro et al., 2020 and Charef and Lu, 2021). Moreover, the systemic
nature of the findings points towards deeper causes of unsustainability than the
stand-alone solutions or replacements that have been studied about the circular
practices within public-sector organizations (e.g. Klein et al., 2022), especially
when pursuing solutions that fundamentally prevent and reduce the use of
resources in infrastructure.

Nevertheless, the current focus on experimenting and exploring the subject
is consistent with what one might expect —and even encourage — at this current,
early stage of the transition (Rotmans & Loorbach, 2009). This is likely to also be
the case in other European infrastructure industries, given that they all are
regarded to be in an early stage of transitioning to a CE (Giorgi et al., 2022).

Furthermore, several of our findings stand out when considering CE as a
mission. The transition towards a circular infrastructure sector is governed in
multiple spaces, each with its own specific goals despite being concerned with
the same overarching mission, while the formal circularity strategy is scattered
among several ministries. This increases the complexity and requires other
coordination mechanisms to converge the problems and solutions beyond
actors being either in or out of a single arena. This point is strengthened by the
findings of Cimen (2021), who identified an overall failure to develop circularity
research that acknowledges the stakeholder complexities in circular practices in
the construction industry.

Moreover, we identified a remarkably small number of activities or
developments that were aimed at actually removing non-circular system
structures or practices, something which is again reflected in other research
(e.g., Benachio et al., 2020; Mhatre et al., 2021). As a consequence, circular
solutions seem to have to fit within or be added to the current non-circular
system, rather than aiming to replace or fundamentally restructure the current
structure or dynamics of the infrastructure sector. However, for a system
transformation to take place, circularity must be embedded in the system itself
which, by definition, calls for the withdrawal of non-circular practices. This calls
for substantially other governance approaches (Stegmaier et al., 2014). The
large number of recycling and circular design initiatives compared to the limited
number of, and difficulties associated with more impactful systemic resource
reduction strategies illustrate this finding (Joensuu et al., 2020). The highly
institutionalized regime actors that benefit from maintaining the status quo
contribute to this (Leiringer et al., 2022). Hence, the overall phasing out of
hindering practices, which is essential for achieving the mission goals, is largely
lacking.
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2.7.2 Managerial and policy implications

Here, we note a few implications of our work that may be relevant to other
European infrastructure sectors and beyond. First, our results indicate a highly
contested understanding of circularity throughout the sector. Highly strategic
policy changes at the ministerial level could address the difficulties around the
contestation of the circularity concept. This connects to a lack of directionality
by governments, both as policymakers and as clients, who do little to incentivize
market parties to invest and innovate for circularity. Further, central public
organizations, such as ministries and their executive agencies, are in a position
to organize and coordinate the diffusion and management of knowledge that is
necessary to implement circular measures. Since the mission, as a core object,
comes with different change and innovation dynamics such as the plurality of
potential technological solutions and inherent normative notions, both reflexive
governance and coordinated participatory action become ever more important
(Ferraro et al., 2015).

Moreover, procurement is considered a powerful instrument for clients to
further circularity developments, not only because clients can act as leading
customers, but also because they can, particularly in a pre-contractual stage,
direct and organize demand in line with mission-driven procurement strategies
(Schotanus, 2022). However, procurement power should not be overestimated
concerning the circularity transition; the more ambitious circular strategies (e.g.,
lifespan extension and reduced demand for new assets) can only be realized in
a pre-procurement stage, such as in long-term planning and budget allocation,
and post-construction phases as applied in asset management and asset
removal activities. The focus should therefore be, beyond building more-circular
novel assets, on asset management.

In this regard, public client organizations are crucial in organizing processes
for circularity in the infrastructure sector, particularly regarding the more
fundamental circular solutions, such as reducing the demand for resources and
extending lifespans. Vicious cycles can be breached by translating mission-
driven circularity strategies into organizational processes that have circular
choices as default outcomes. This approach can be initiated from the domains
of asset management and knowledge management, yet it should also be
integrated into data management and portfolio management.

2.8 Conclusions

Our MIS-based analysis of the transition towards a circular Dutch infrastructure
sector has revealed several causal chains of dynamics related to activities,
practices and structures of the sector. In line with findings from previous
transition research (e.g. Wesseling and Van der Vooren, 2017), many of these
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causalities appear to be the result of lock-in mechanisms that are difficult to
breach. These consist of self-reinforcing cycles related to the configuration of
the socio-technical system, which only come to the surface when taking a
systemic perspective on the transition. Since these causalities are
multidimensional and embedded in the wider system, solving single issues or
introducing single innovations or fixes will not suffice.

Studies on the socio-technical system level offer insights into barriers that
are conditional on other barriers (Suurs, 2009). These insights can contribute to
structuring and prioritizing domains of interest for construction management
research. In our case, for example, the multiple systemic barriers seemed to
relate, at least partly, to the equivocal interpretations of circularity. This has had
a large effect on the overall transition towards a circular infrastructure sector in
the Netherlands and hence highlights a critical point on which to focus research,
policy and management efforts. Only systemic analyses can identify such deep-
seated barriers to change.

The findings from our case study enable us to reflect broadly on several
levels of the functioning of the infrastructure sector when facing the need to
undergo a circularity transition, and how one might develop approaches to
disrupt the vicious cycles. Given the system interdependencies, one should
consider the functioning of the system on the level of the cycles in addressing
such barriers. In this respect, construction management research could make
significant contributions by considering institutional and organizational aspects
in context-specific construction and infrastructure settings.

2.8.1 Future research

This study has several limitations that create opportunities for future research.
First, the study focused on a Dutch case, and it is recognized that transitions are
highly context-dependent. For example, there are several characteristics of the
Dutch infrastructure sector, such as the ‘polder model’ in decision-making, that
might result in specific transition dynamics that have wider or more limited
applications that future studies could identify. Furthermore, the analyses of the
structure, dynamics, and barriers have been based on policy documents and
interviews with practitioners from this particular context who provided their
personal arguments based on individual perceptions of cause and effect. A study
based on other data sources on circularity-related events, projects and
initiatives might reveal deeper insights into the solutions and solution spaces
that exist in practice to step beyond the perception of individuals. Apart from
new potential findings, this would increase the validity of the findings and the
generalizability of the recommendations made.
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Second, the system we studied is inherently complex. By identifying key
causalities, we aimed to simplify this complexity to several key factors and
relationships in three major cycles. These simplifications lead naturally to
limitations concerning revealing and explaining causality. Additional research
could apply practice research, institutional theory or organizational sciences to
find and explain mechanisms behind the causalities in detail and could reveal
deeper mechanisms that explain these complexities. This might also lead to
more detailed insights into the potential ways of strengthening positive
causalities and breaching negative ones, by, e.g., policy interventions. However,
rigid government interventions do run the risk of having only a minor or even an
adverse effect on the transition in the traditionally highly institutionalized
construction context (Leiringer et al., 2022).

Finally, the application of the analytical framework used (MIS) has its
challenges, because it offers a snapshot of the system barriers at a moment in
time, while the transition is an ongoing process. This makes it difficult to
determine whether the barriers are present at only a specific point in time and
to establish the extent to which they are persistent. Although well-grounded in
the empirically well-established TIS functions, the novel MIS functions are not
yet thoroughly validated in empirical cases. Doing similar research using other
research frameworks, such as the multi-level perspective (MLP; Geels, 2004), is
needed to increase the validity of the findings, possibly revealing new insights
on systemic barriers and causalities of mission-driven changes and innovations.

2.8.2 Recommendations for policy and practice

Given the conclusions that highlight three vicious cycles, our work also leads to
recommendations for policy and practice. Norms and regulations, both technical
and processual, were in our results generally perceived as barriers to change,
even when regulations are not legally confining the space for circular practices.
Governments could address this by not only ensuring that norms and legislation
enable circularity, but rather by ensuring that circular decisions are an integral
part of these practices.

Convergence on the societal challenges that the circular solutions aim to
address could be stimulated by making the problems and solutions more
explicit, both in policy documents as well as in the stated goals and ambitions
by clients. This would increase the directionality of governance. Another way to
address the lack of univocality and directionality is to strengthen the
coordination between circularity networking activities to avoid multiple
circularity operationalizations. Here, ministries and other central government
bodies should take a leading role, because of their ability to regulate and
allocate resources and their commitment to the CE mission. A shift from the
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current focus on circular design towards more integral circularity solutions is
required, decreasing the demand for resources and increasing the lifespans of
existing assets. Nevertheless, in situations where both the problem and the
solution spaces are divergent, which is the case in Dutch circular infrastructure,
it is important to explicitly guide the convergence reflexively from a policy
perspective and, above all, take on a learning-by-doing mentality rather than
following prescribed policy pathways (Wanzenbdck et al., 2020).

Furthermore, there is a lack of resources and infrastructure to develop,
diffuse, adopt and implement knowledge. Organizational processes aimed at
infrastructure for knowledge management regarding circular developments
should be established, particularly in and between client organizations. This
would not only require putting the knowledge exchange processes in place but
also ensuring the capacity to apply knowledge in conventional project settings,
particularly knowledge from pilot projects and exemplary ambitious projects
that are characteristic of the sector. Another underlying cause for the
problematic adoption of knowledge is the lack of incentives, particularly for
market parties, to share circularity knowledge. Cross-project collaboration, such
as programmes and strategic partnerships, which can be launched by public
clients, would provide incentives to invest in circular solutions and reduce the
competitive advantage of withholding circularity knowledge (Hakansson &
Ingemansson, 2013). In turn, this would increase the propensity for cross-
project applications of circular solutions.

The solutions proposed above, particularly the alignment of understandings
of a circular future within the sector and developing a long-term perspective,
would enable significant market investments. Currently, markets are not
incentivized towards circularity although assessment methods to include
circularity in procurement are rapidly improving. Circular innovations are often
so radically different that they do not meet the current assessment and
procurement criteria. This requires public clients to be more open to solutions
that have a low technological readiness level (TRL; Lenderink et al., 2022). Here,
first, clients should provide space in the procurement criteria for more radical
innovations and, second, risk should be distributed more fairly between market
parties and clients, especially since the benefits of the circular solutions often
only become apparent over the long term. Hopefully, this will lead to a situation
in which market parties prioritize adopting circular solutions without specific
calls from the client since only doing the bare minimum would lead them to
become side-lined in future projects.
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Chapter 3: Operationalizing contested problem-solution spaces

Abstract: In shaping collective responses to societal challenges, we currently lack
an understanding of how to grasp and navigate conflicting ideas on societal
problems and potential solutions. The problem-solution space is an increasingly
popular framework for conceptualizing the extent to which problem-oriented
and solution-oriented views are divergent. However, this reflexive framework
needs operationalization to become useful in practice. We contribute to this
debate by demonstrating how Q-methodology can be used to systematically
identify, describe, and compare collectively held visions in relation to problems
and solutions. We use the case of Dutch circular construction and identify three
conflicting imaginaries that inform us about disagreement and common ground.
We conclude by discussing how policymakers can use different approaches to
navigate contestation, presumably mobilizing actors for a collective response.

The chapter has been published as:

Wiarda, M.J., Coenen, T. B. J., & Doorn, N. (2023). Operationalizing contested problem-
solution spaces: The case of Dutch circular construction. Environmental Innovation
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Coenen, T.B.J., Visscher, K., & Volker, L. (2021). Circular economy or circular
construction? How circularity is understood by construction practitioners. In:
Proceedings of the 38th annual ARCOM conference (pp. 552-561).
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3.1 Introduction

Decision-makers are increasingly struggling with challenges that affect society
and the environment (Schot & Steinmueller, 2018b). These challenges
frequently fall into the category of wicked problems because they are
characterized by inherent complexity and uncertainty, which contribute to their
contested nature (Head, 2008; Rittel & Webber, 1973). More specifically,
contestation arises as actors embody fundamentally conflicting ideas about the
nature of the problems and their required solutions (Head, 2019; Kuhlmann &
Rip, 2018). Wanzenbdck et al. (2020) introduced the problem-solution space as
a theoretical framework to conceptualize the extent to which views on these
problems and solutions are divergent (i.e., contested). In this increasingly
popular framework, views on problems and solutions exist, unfold, and interact
and may diverge or converge over time.

Divergent ideas about problems and solutions cause actors to have radically
different imaginaries of (un)desirable futures. Imaginaries are intersubjective
insofar that actors may (implicitly) share visions once constructed around similar
values and worldviews (Jasanoff & Kim, 2015). Contestation thus emerges when
different groups hold contradicting imaginaries (Hess, 2015; Kim, 2015).
Contestation represents a significant challenge for decision-makers because
neglecting or misunderstanding disagreement can further problematize
wickedness by prompting standstills, exacerbating conflict, or creating new
problems. Decision-makers do not “always ‘know best’ or ‘act best’ in
understanding problems and proposed solutions” (Kirchherr et al., 2023, p.4).
They are therefore in need of novel approaches for collective sensemaking to
mitigate the risk of reflexivity failures (Garud & Gehman, 2012; Weber &
Rohracher, 2012).

Although the problem-solution space offers an important conceptualization
of the (divergence of) imaginaries surrounding problems and solutions, there is
an explicit demand for the framework’s operationalization (Wanzenbdck et al.,
2020). In the absence of this operationalization, decision-makers inadequately
understand what divergent imaginaries exist, how these relate to each other,
and how these are distributed among actors. Without operationalization,
decision-makers are insufficiently informed about the extent to which
challenges are contested and how this contestation can be navigated. As a
result, they could overlook or exclude viable problem understandings and
solution pathways (Wesseling & Meijerhof, 2023).

This chapter contributes to the reflexive governance of transitions (Vol8 &
Bornemann, 2011) by demonstrating how the contestation dimension of the
problem-solution space can be operationalized. It does so by illustrating how
divergent imaginaries about problems and solutions can be identified,
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described, and compared using Q-methodology to better understand the way
and extent to which challenges are contested. Q-methodology is a widely
adopted research method that helps understand the heterogeneity of
intersubjective perspectives (Brown, 1982; Stephenson, 1935). By revealing
opposing imaginaries, this chapter demonstrates how decision-makers (e.g.,
policymakers) can reflexively learn about alternative understandings of the
problem-solution space of a given societal challenge (Feindt & Weiland, 2018).
Continuously reflecting on the directionality of transformations allows for more
tentative forms of governance that are more responsive to stakeholder
worldviews despite interpretive flexibility (Bijker, 1987; Kuhlmann et al., 2019;
Stilgoe et al., 2013).

To demonstrate this approach, we use the case of the Dutch circular
construction in which the government has set out a contested imaginary, which
we call ‘Circular construction by 2050°, and which is being implemented through
policies (Chapter 2). This chapter therefore also provides case-specific insights
that could help policymakers align imaginaries for more collective responses.

In what follows, this chapter first elaborates on its theoretical background
(Section 3.2), followed by an explanation of the chapter’s methodology (Section
3.3). This section also introduces and justifies the case that is chosen for the
chapter. Section 3.4 proceeds by describing the identified imaginaries after
which Section 3.5 compares these to understand the contestation. The chapter
concludes by discussing different ways contestation could be navigated, and by
reflecting on the chapter’s contribution (Section 3.6).

3.2 Wicked problem-solution spaces and contested imag