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The objective of urban sustainability requires sustainable urban transformation (SUT), which is closely
related to urban sustainability transitions. This paper contributes to the knowledge and discussion on
these fields in two ways. First, it defines SUT as a subset of urban sustainability transitions, consisting of
1) sustainable places and their management and usage, 2) the sustainability transition of the urban
development regime and 3) sustainability transitions in related societal sectors. Normative societal goals
for both the urban development regime and sustainable urban areas are incorporated in this definition.
Second, it describes transition patterns in the complex transformation process of the Rijnhaven area
(Rotterdam, The Netherlands), and relates the process to transition literature.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

It has been widely accepted that global sustainability is for an
important part an issue of urban sustainability (see for example
Bugliarello, 2006; Walsh et al., 2006). Urban sustainability requires
realizing sustainable urban places (Picket et al., 2013; Meijer et al.,
2011; Quitzau et al., 2013). Realizing sustainable urban places is
part of sustainable urban transformation (SUT), which encom-
passes both sustainable urban structures and environments and
(radical) economic, social, cultural, organizational, governmental
and physical change processes (Camagni, 1998; McCormick et al.,
2013). There are yet few examples of actual sustainable urban de-
velopments (Meijer et al., 2011; Klein Woolthuis et al., 2013;
McCormick et al., 2013). This paper aims to create a better under-
standing of SUT to help realize urban sustainability.

SUT relates to a multitude of urban sustainability issues, ranging
from poverty, over-population, unhealthy housing conditions,
inadequate infrastructure, hygienic problems, poor water quality
and uncontrolled pollution in developing countries to segregation
et al., Sustainable urban trans
015), http://dx.doi.org/10.101
and growing social tensions, local traffic problems, solid waste
generation and the large consumption of energy and material in
developed countries. These problems are multi-level and multi-
scale and are related to global climate change and ecological,
environmental and resource problems (McCormick et al., 2013).
These challenges are enhanced by the nature of cities themselves,
that imply large scales, context-dependencies, inertia of built
environment and complex socio-spatial structures (Næss and
Vogel, 2012; De Graaf and Van der Brugge, 2010), and interrelated
environmental, socio-cultural, economic, political, institutional and
physical features (Wamsler et al., 2013). Realizing urban sustain-
ability can be considered a wicked problem: there is no right or
wrong solution, requirements keep changing, complex in-
terdependencies play a role, there is little opportunity to learn by
trial and error, and every implemented solution requires significant
investments and causes high risks. Due to the life span of urban
developments, negative consequences cannot easily be undone
(Klein Woolthuis et al., 2013; see also Frantzeskaki et al., 2014).
These problems require urban sustainability transitions: purposive,
systemic, long-term and vision-led change towards sustainability
in the incumbent complex of urban practices, technologies, in-
frastructures, markets and institutions that determine patterns of
production and consumption of resources and require long-term
formation and sustainability transitions; conceptual framework and
6/j.jclepro.2015.10.136
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Fig. 1. The multi-level perspective (Geels, 2002: 1261).
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oriented governance approaches and flexible, adaptive and reflex-
ive policy designs that emphasize deliberation, probing, experi-
mentation and learning (Hamann and April, 2013; Nevens et al.,
2013; Van den Bergh et al., 2011). SUT, which deals with sustain-
able places and processes, is therefore closely related to urban
sustainability transitions.

Literature provides extensive knowledge on sustainability
transitions, and in it place specificity is increasingly considered an
important topic (Coenen et al., 2012; Hansen and Coenen, in press;
Hodson and Marvin, 2010; Raven et al., 2012). Transition literature
shows different perspectives to realizing sustainable urban places.
First, realizing sustainable urban places can be the object of sus-
tainability transitions (Næss and Vogel, 2012); what Frantzeskaki
and Loorbach (2010) call an infrasystem transition. Second, urban
places can be subject to sustainability transition initiatives
(Hamann and April, 2013; Hodson and Marvin, 2010; Quitzau et al.,
2013), for example the ‘roof transition’, in which traditional mono-
functional roofs are being replaced by sustainable, multi-functional
roofs (Loorbach and Rotmans, 2010). Third, realizing sustainable
urban places is closely related to the sustainability transition of the
urban development regime (Peek and Troxler, 2014). In this paper
we present a conceptual framework for SUT that integrates these
perspectives.

2. Research approach and methodology

In section 3, we integrate insights from existing literature
regarding urban sustainability, sustainability transitions, urban
development and SUT into a framework that defines SUTas a subset
of urban sustainability transitions and consists of three comple-
mentary, interrelated and interacting components: 1) sustainable
urban places and their sustainable management and usage, 2) the
sustainability transition of the urban development regime towards
culture, structure and practices that are aimed at sustainable urban
development, and 3) urban sustainability transitions in related
societal sectors. We simplify part of the inherent complexity of
urban sustainability transitions (Nevens et al., 2013) by specifically
relating to sustainable urban places. We incorporate regime dy-
namics, which are currently underexposed in literature (Hansen en
Coenen, in press; Quitzau et al., 2013; Hamann and April, 2013).

There is lack of consensus on what sustainability is in an urban
context (Klein Woolthuis et al., 2013; Vojnovic, 2014). We build
upon the broad definition of Picket et al. (2013) that sustainability
in an urban context not only encompasses processes of change and
sustainable places, but also normative societal goals. This allows us
to describe normative goals for both the urban development
regime and sustainable urban areas. In this way we create a
description of SUT that can be used as a point of reference,
addressing the risk that ‘causalities arise primarily as an artefact of
the way that transitions researchers have chosen to tell their stor-
ies’ (Coenen et al., 2012: 975). We then link it to the transition
patterns described by De Haan and Rotmans (2011) and apply this
conceptual framework to the Rijnhaven case in Rotterdam, The
Netherlands. In this case, the municipality of Rotterdam issued a
procurement for a sustainable urban transformation of the Rijn-
haven area. The desired transformation is directly related to Rot-
terdam's sustainability transition program, resulting in transition
goals for the area itself and for the process by which it should be
developed. Also, a large part of the area is water, which enables
floating development transition initiatives. The procurement failed,
and improved understanding of the transformation process is
needed to prevent such failure in the future.

The Rijnhaven case is described in section 4. We base this
description on the explorative study of the Rijnhaven development
performed on behalf of the Clean Tech Delta, a Dutch cooperation of
Please cite this article in press as: Ernst, L., et al., Sustainable urban trans
case study, Journal of Cleaner Production (2015), http://dx.doi.org/10.101
private companies, knowledge institutes and local governments.
That study is based on document studies, secondary public sources
and secondary data from published studies regarding Rijnhaven,
cross-validated by semi-structured interviews with stakeholders
from the municipality, private companies and knowledge in-
stitutions involved in the Rijnhaven development (Ernst, 2014). In
section 5we apply the conceptual framework to the Rijnhaven case,
creating a verifiable transition story and subsequently relating the
outcomes to existing literature on sustainability transitions. In
section 6, we draw conclusions on the conceptual framework and
its application to the Rijnhaven case. In section 7 we discuss some
considerations regarding this paper.

By presenting this framework we hope to deepen the under-
standing of SUT. Applying the framework to the Rijnhaven
transformation contributes to the evaluation of the Rijnhaven
development and adds empirical insights to the on-going research
on urban sustainability transitions. We hope these insights will
contribute to sustainability transitions in Rotterdam and cities
worldwide.

3. Sustainable urban transformation

3.1. A subset of urban sustainability transitions

Transitions can relate to a manifold of societal systems, for
example “energy supply, transport, agriculture, healthcare,
geographic regions, ecological systems, policy systems, political,
legislative and judicial systems, social-security systems, financial
systems and education systems” (De Haan and Rotmans, 2011: 92),
that fulfill societal functions like “transportation, communication,
housing, energy supply, feeding” (Geels, 2005b: 1). Societal func-
tions are fulfilled by regimes, which are semi-coherent sets of rules
carried by different social groups, that provide orientation and
coordination to the activities of relevant actor groups and create a
dynamic stability of socio-technical configurations. Regimes are
embedded within landscapes, and niches are embedded within
regimes (see Fig. 1). The landscape contains deep structural trends
of a heterogeneous set of technology-external factors. Niches
generate and offer protection to radical innovations (Geels, 2002).

A transition encompasses fundamental change of a regime's
culture, structure, and practices (Loorbach, 2007). Culture con-
sists of values, norms and ethics of actors that underlie their
patterns of behavior and actions. Structures are standardized
routines, rules and laws of the societal system. The resources,
physical entities and artifacts produced by the material compo-
nent are labeled the practices of actors (Frantzeskaki and De
Haan, 2009).
formation and sustainability transitions; conceptual framework and
6/j.jclepro.2015.10.136



L. Ernst et al. / Journal of Cleaner Production xxx (2015) 1e12 3
Not all urban sustainability transitions necessarily relate to
sustainable urban structures and environments. All ‘radical change
processes’ and ‘sustainable places’ however, fall within the societal
systems described by De Haan and Rotmans (2011). Thus, SUT
can be defined as a subset of urban sustainability transitions
(see Table 1).

Since SUT is regarded as a subset of urban sustainability tran-
sitions, it should entail landscape, regime and niche interactions.
These should be definable by the transition and transformation
patterns shown in Table 2. In 2011 De Haan and Rotmans intro-
duced the multi-pattern approach to describe and understand so-
cietal transitions. They describe nine transition patterns, which are
set apart from the processes through which a regime changes
through continued adaptation.

Based on the reviewed literature we identify three components
of SUT we elaborate below: sustainable places and their manage-
ment and usage, the sustainability transition of the urban devel-
opment regime and sustainability transitions in related societal
sectors.
3.2. Sustainable places and their management and usage

Urban sustainability implies that usage of energy, water, food,
non-renewable resources, transportation, housing, and the man-
agement of waste meets constraints imposed by nature, society, or
the functioning of the planet (Walsh et al., 2006). This leads to
urban challenges to properly use resources to guarantee a genera-
tional equity, protect the natural environment and minimize use of
non-renewable resources, and create economic vitality and di-
versity, community self-reliance, individual wellbeing, and satis-
faction of basic human needs (Shen et al., 2011; with reference to
Choguill, 1996; Hardoy et al., 1992). Major, partly overlapping,
present-day policy goals and research fields related to urban sus-
tainability are climate neutral/climate proof cities (for example
Thornbush et al., 2013; Wamsler et al., 2013; Cast�an Broto and
Bulkeley, 2013), resilient cities (for example Desouza and Flanery,
2013; Jabareen, 2013; Pickett et al., 2013; Stumpp, 2013) and
water-sensitive cities (for example Brown et al., 2008; Farrelly and
Brown, 2011; Ferguson et al., 2013; Rijke et al., 2013). These issues
relate to factors like a city's economy, the availability of jobs and
services, the health and attraction of the urban environment and
space for growth (Bugliarello, 2006).

In the overview paper in the Special Volume of the Journal of
Cleaner Production on SUT, McCormick et al. (2013) summarize the
sustainability goals for urban areas to be attractive and inclusive,
sustainable and resilient, and prosperous and innovative. Based
upon the literature mentioned above andWamsler et al. (2013), we
Table 1
Sustainable urban transformation as a subset of urban sustainability transitions.

Sustainable urban transformation Camagni,
1998; McCormick et al., 2013

Urban sustainability tran
and April, 2013; Nevens et
Bergh et al., 2011

Goal Sustainable urban structures and
environments

Sustainable urban practic
infrastructures, markets a
that determine patterns o
consumption of resource

Process (Radical) economic, social, cultural,
organizational, governmental and physical
change

Purposive, systemic, long
led change

Approach Promoting active collaboration among
diverse stakeholders, integrating different
perspectives and bodies of knowledge and
expertise, and stimulating experimentation
with different solutions and approaches

Long-term oriented gover
and flexible, adaptive and
designs that emphasize d
probing, experimentation

Please cite this article in press as: Ernst, L., et al., Sustainable urban trans
case study, Journal of Cleaner Production (2015), http://dx.doi.org/10.101
further specify ‘sustainable’ in that definition as non-pollutant,
climate proof, water-sensitive and bio-divers, adding that urban
areas consist of the physical features soil, water bodies, infra-
structure, buildings and technologies, which are populated by flora,
fauna and people. Sustainable urban places should also support
sustainable management and usage (Peek and Troxler, 2014;
McCormick et al., 2013).
3.3. Sustainability transition of the urban development regime

Actual SUT is likely to occur at sub-city scale (Hamann and April,
2013; McCormick et al., 2013; Næss and Vogel, 2012). In The
Netherlands, there is a specific sector for realizing urban structures
and environments on that scale: the urban development sector.
Peek and Franzen (2007) define urban development as the integral
development of large-scale urban areas, in all their dimensions,
over a long period, with different public and private stakeholders.
Urban development establishes the preconditions for actual reali-
zation and management of urban areas. Its five main disciplinary
aspects are public-private partnership, land assembly, financial
engineering, urban design and branding. Therefore, the ‘(radical)
economic, social, cultural, organizational and governmental pro-
cesses of change’ at least relate to the urban development sector.
Peek and Troxler (2014) argue that the urban development sector is
a societal (sub)system in transition since the financial and eco-
nomic crisis starting in 2007. The urban development sector used to
be top-down (Klein Woolthuis et al., 2013) and essentially
controlled by partnerships between municipality and large private
property companies (Peek, 2011). The crisis led to a search for a new
style of urban area development (Peek and Van Remmen, 2012).

The processes of change needed to develop sustainable urban
areas relate to changes in the culture, structure and practices of the
urban development regime. Literature provides normative goals
for the culture, structure and practices of the urban development
regime that are needed for realizing sustainable urban structures
and environments (see Table 3 for consulted literature). It can be
summarized as: “a culture of open participation, co-creation,
communication and collaboration by regime and niche actors,
local communities and future owners and users, with an attitude
of experimentation, innovation and learning. Facilitated and
enabled by connecting and empowering local authorities and
based upon transition-oriented planning schemes, new contrac-
tual forms and property rights, its actors use simultaneous
bottom-up and top-down approaches and build upon the potential
of existing land use and temporary uses, thereby producing new
business models and flexible, sustainability oriented visions, plans
and designs”.
sitions Hamann
al., 2013; Van den

Sustainable urban transformation as a subset of urban
sustainability transitions

es, technologies,
nd institutions
f production and
s

Sustainable urban structures and environments and
corresponding technologies, markets and institutions, that
determine patterns of production and consumption of
resources, by

-term and vision- purposive, systemic, long-term and vision-led economic,
social, cultural, organizational, governmental and physical
change that leads to

nance approaches
reflexive policy
eliberation,
and learning

long-term oriented governance approaches and flexible,
adaptive and reflexive policy designs that promote active
collaboration among stakeholders, integrate different
perspectives and bodies of knowledge and expertise, and
stimulate experimentation with and learning from different
solutions and approaches

formation and sustainability transitions; conceptual framework and
6/j.jclepro.2015.10.136



Table 2
Transition and adaptation patterns (adapted from De Haan and Rotmans, 2011).

Transition patterns Adaptation patterns

Empowerment: niches gain power
(bottom-up)

Reconstellation: New regime is
installed (top-down)

In squeezed (top-down and bottom-up) A Constellation alters its functioning
either through interacting or merging
with other constellations within or
from outside the societal system

Reconfiguration: niches scaling up and
becoming empowered by the regime

Radical reform: regime is reformed
according to the cultures and structures
of an outside constellation

Teleological: regime adapting by
allowing outside influences to
reconstellate and simultaneously
incorporating novel functioning in
these processes

Re-positioning: orienting towards new
target groups or markets, assuming a
new role or identity

Substitution: niches scaling up and
becoming empowered in spite of the
regime

Revolution: a constellation outside the
regime invades the societal system and
replaces the incumbent regime

Emergent: niche functioning and
influences from outside the societal
system team up without active
influence of the incumbent regime

Re-organizing: structurally growing or
shrinking, forming or merging groups,
divisions or specialties.

Backlash: niches initially gain power or
popularity but fail to become the
new mainstream

Collapse: the reconstellation does not
lead to a new stable societal system

Lock-in: an innovation gains influence
in the societal system but fails to
completely replace the regime, co-
existing with it in a locked-in state

Innovation: mechanization,
automation, modernizing
infrastructure, employing new or
different technology, knowledge or
expertise
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3.4. Sustainability transitions in related societal sectors

Since in an urban context multiple transitions converge,
interact and co-evolve (Nevens et al., 2013), transitions in related
societal sectors may influence either or both the urban develop-
ment regime and sustainable places. These include transitions in
urban water management (Brown et al., 2008; De Graaf and Van
der Brugge, 2010; Geels, 2005a, 2006), energy (Verbong and
Geels, 2010) and transport (Geels, 2005b, 2012; Næss and Vogel,
2012). Such transitions are integrated in the conceptual frame-
work shown in Table 4.
Table 3
Aspects regarding culture, structure and practices of an urban area development regime

Culture
Facilitating effective communication and deliberation between an inclusive set of stak
Recognition of deliberation between diverse interests as an explicit purpose of the initia

rather than just “outcomes”.
Collaborative action
Experimentation with different solutions and approaches
Harness and integrate different knowledge and viewpoints, and engage key players in

and drives forwards innovation in urban contexts
Symbiotic relationships between industries, governments, and universities
Interaction between researchers and universities with practitioners and municipalitie
Engaging communities: residents as well as key local stakeholders, like universities, b
Collaborations
Communication and harmonization with neighboring interest groups and future (com
‘Failure’ of experiments should be considered/allowed as part of the game
Participation/co-creation, collaboration
A consequent attitude of reflectivity and reflexivity
Cross-overs between niche players and change minded actors within the dominant re
Open character, not being part of the dominant regime of large companies and (governm

a counter culture driven niche of grassroots/bottom-up actors that are not willing a
Create and consolidate new associations
Structure
New contractual forms and property rights
Bottom-up and top-down developments take place at the same time
Build upon potential of existing land use
Temporary uses
Facilitating, enabling, connecting and empowering role of local authorities
Sustainability oriented building standards
Transition-oriented planning schemes
Practices
New building technologies
Sustainable building materials
New business models
Durable and flexible urban planning and design which uses natural resources and soci

adjustments possible
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4. Case Rijnhaven, rotterdam, The Netherlands

4.1. Background

The Rijnhaven in Rotterdam was originally a transhipment port
between marine and inland navigation, created in 1894 on the
South side of the New Meuse River (De Kievith and De Vrieze,
2008), a distributary of the Rhine River. It was part of a big
expansion of the Rotterdam Port across the river bed, which years
later was followed by ports being located further out of town to-
wards deeper waters, leading to obsolescence and dereliction of the
aiming at realizing sustainable urban places.

eholders to allow social learning Hamann & April, 2013
tive and a corresponding emphasis on “process”

Klein Woolthuis et al., 2013
McCormick et al., 2013

a learning process that opens up “new” thinking

s
usiness and community groups

mercial) owners and users Meijer et al., 2011
Nevens et al., 2013

Peek and Troxler, 2014
gime
ental) institutions, but also not being trapped by
nd able to leverage on their efforts

Quitzau et al., 2013

Klein Woolthuis et al., 2013
Peek, 2011

Nevens et al., 2013
Quitzau et al., 2013

Quitzau et al., 2013

Peek, 2011
al capital in a responsible way and leaves future Meijer et al., 2011
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Table 4
A conceptual framework for sustainable urban transformation.

Sustainable urban transformation
Purposive, systemic, long-term and vision-led societal change by long-term oriented governance approaches that lead to sustainable places and corresponding technologies,

markets and institutions, that determine patterns of production and consumption of resources.
Flexible, adaptive and reflexive policy designs that promote active collaboration among diverse stakeholders, integrate different perspectives and bodies of

knowledge and expertise, and stimulate experimentation with and learning from different solutions and approaches
Sustainable places and their management and usage
Urban structures and environments, consisting of soil, water bodies, infrastructure, buildings and technologies, which are populated and used by flora, fauna and people
Resilient, climate proof, water-sensitive, non-pollutant, bio-divers, attractive, inclusive, prosperous and innovative
Sustainability transition of the urban development regime Sustainability transitions in related societal sectors
Land assembly, financial engineering, urban planning and design, branding and building e.g. transitions in urban water management, energy, transport
Culture: Open participation, co-creation, communication and collaboration by regime and niche

actors, local communities and future owners and users, with an attitude of experimentation,
innovation and learning

Structure: Transition-oriented planning schemes, new contractual forms and property rights,
sustainability oriented building standards; Facilitating, enabling, connecting and empowering
local authorities, simultaneous bottom-up and top-down approach, building upon the potential
of existing land use and temporary uses

Practices: Flexible visions, plans and designs; new business models, new building technologies,
sustainable building materials
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old city ports. This led to two major redevelopment programs
(Daamen, 2010), both relevant for the Rijnhaven area. The docks
north and east of the water are part of the high-end Kop van Zuid
waterfront development dating from themid 1980's. The Rijnhaven
water basin and southern docks are part of the CityPorts develop-
ment plan, effective from the mid 2000's. See Fig. 2 for the location
of Rijnhaven and the two development areas.

4.2. Kop van Zuid development of the Rijnhaven area

In her paper on large-scale property-led urban regeneration
projects, Taşan-Kok (2009) describes the Kop van Zuid develop-
ment. The project objectives were to redevelop the neighborhoods
around the old port areas by replacing old port functions with new
land uses, to connect the city's center with the south side of the city
and to promote local and regional economic redevelopment by
attracting high-income groups and international companies,
thereby also changing Rotterdam's image. Kop van Zuid was a
Fig. 2. Rijnhaven part of Kop van Zuid an
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top-down development inwhich the Port Authority owned most of
the land and private-sector actors were involved from the begin-
ning, but the city council had the final decision in every stage of the
project. It was realized by public-private-partnerships, and was
partly subsidized by Dutch government departments. Next to high-
end developments there was also a social housing development, a
social return program and a ‘cleaner, safer, greener’ program. Over a
period of some two decades, north and east of the water a high-end
living and working area developed in Rijnhaven: Wilhelminapier
and Zuidkade (see Fig. 3).

Starting approximately 2004, the municipality and project
developers started designing an integrating concept for the
Rijnhaven Waterfronts (Bakker et al., 2009). This became known
as (a)Round Rijnhaven (Rondje Rijnhaven in Dutch), a high-end
development, including offices, design stores, leisure possibil-
ities, apartments and public space (Gemeente Rotterdam, 2007).
The area development process included design studies (Bakker
et al., 2009), land assembly (e.g. College van Burgemeester en
d CityPorts development programs.

formation and sustainability transitions; conceptual framework and
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Fig. 3. Planning area of Kop van Zuid (adapted from Taşan-Kok, 2009: 141).
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Wethouders Gemeente Rotterdam, 2006), business cases (De
Kievith and De Vrieze, 2008), agreements between developers,
investors and municipality (e.g. property EU, 2008), incorpora-
tion in official spacial plans and visions (e.g. Gemeente
Rotterdam, 2009) and actual building (Gemeente Rotterdam,
2012: 58). Important physical elements of (a)Round Rijnhaven
were Rijnhaven Bridge, Rijnhaven Park with underground park-
ing, House of Design and European China Centre (see Fig. 4).1

Related to these elements, the other key aspect of the (a)Round
Rijnhaven concept was a plan to develop a public walking route
along the waterfront; an initiative by local project developers,
real estate agencies and housing associations (De Kievith and De
Vrieze, 2008),2 who in 2009 organized themselves in the
informal ‘Rijnhaven Council’, supported by the municipality (Van
der Leeuwkring, 2009; Van Beek, 2012: 62e63).

In 2010 constructionwork started on the European China Centre
(Gemeente Rotterdam, 2012: 93) but was put on hold in 2012
(cobouw, 2012) and has to date not been restarted. The House of
Design, Rijnhaven Park and underground parking have not been
1 Key actors: Municipality of Rotterdam, Volker Wessels Vastgoed, Shanghai
Construction Group, Ontwikkelingsbedrijf Rotterdam, Synchroon/Korteweg Bouw,
Garbe Investment GmbH.

2 Key actors: Van der Leeuwkring, Proper-Stok Ontwikkelaars, Woonstad Rot-
terdam, Vesteda, Synchroon, ING Real Estate, Bouwfonds, VolkerWessels Vastgoed,
Municipality of Rotterdam.
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developed either. In 2012 the Rijnhaven Bridge was completed
(Gemeente Rotterdam, 2012: 58).

4.3. CityPorts development of Rijnhaven

The water basin is part of the CityPorts development program,
co-created by the Rotterdam Port Authority and the municipality.
The CityPorts development program is closely related to the city's
programs for sustainable development, CO2 reduction and climate
adaptation (Daamen, 2010). Its objectives are to connect a stronger
economywith an attractive city by combining inner-city waterfront
development with broadening the mainport and making it more
sustainable. Social, economical and ecological sustainability are
basic principles of the CityPorts program and within these bound-
aries the municipality facilitates experimental and innovative ap-
proaches to area development (Programmabureau Stadshavens
Rotterdam, 2011).

In 2010, the year the management of Rijnhaven was transferred
from the Ports Authority to the municipality (Gemeente Rotterdam,
2011a), the Floating Pavilion came to Rijnhaven, with a five-year
permit for docking (Van Beek, 2012). This floating, self-
supporting, innovative building was part of Rotterdam's floating
development ambitions (Projectbureau Stadshavens Rotterdam,
2008). The CityPorts goals for Rijnhaven were interwoven with
the (a)Round Rijnhaven development in the ‘Show City’ concept, in
which the water would be a stage for different types of events and
formation and sustainability transitions; conceptual framework and
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Fig. 4. Visualization of (a)Round Rijnhaven (adapted from european chinacentre and De Kievith and De Vrieze, 2008: 33).
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temporary floating urban facilities, amidst a high-end living,
working and leisure urban environment (Programmabureau
Stadshavens Rotterdam, 2011).

The Floating Pavilion was developed in RDM ealso a CityPorts
development area-by private companies from the emerging
floating development sector, boosted by political support, subsi-
dized by a Dutch government department and facilitated by a
participating, financing and enabling municipality3 (Frantzeskaki
et al., 2014; Gerdan, 2012; Van Huffelen, 2011). The Floating
Pavilion was showcased internationally and led to a change of
official plans in 2011 to accommodate the development of about 80
floating homes in Rijnhaven (Programmabureau Stadshavens
Rotterdam, 2011). Without success, project developers from the
(a)Round Rijnhaven development protested against permanent
and larger scale floating development in Rijnhaven (Gemeente
Rotterdam, 2011b). In 2012 the municipality issued a market
consultation for a floating development in Rijnhaven (Stadshavens
Rotterdam, 2012) amidst the (a)Round Rijnhaven development (see
Fig. 5), and called for temporary floating objects to stimulate this
development (010rotterdam, 2012). Location and size of the 2.9 ha
search area for floating development were based upon spatial re-
quirements concerning the surrounding area development, which
were drawn up in an Environmental Effect Report (Houwen, 2011).
The ambitions were high: in Rijnhaven an innovative, sustainable,
high-tech, international showcase for Delta technology had to
emerge that would have to create a positive impact on the sur-
rounding environment and local communities, add to existing
functions and clear the ground for other developments.
3 Key actors: Municipality of Rotterdam, CityPorts Project Office, Deltasync,
Public Domain Architects, Dura Vermeer, FlexBase, Rotterdam University of Applied
Sciences and Albeda College (Frantzeskaki et al., 2014).
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This period can be characterized as an open innovation and
learning process in which knowledge institutes, municipality, pri-
vate companies and local stakeholders worked together to create
knowledge on floating developments and explore possibilities for
the Rijnhaven development. The current floating development test-
site AquaDock in RDM, the Community of Practice Floating Devel-
opment and Dutch Standardization Institute (NEN) construction
guideline for floating developments originate from this period.

After the Market Consultation it became clear that (a)Round
Rijnhaven would not be realized in the nearby future. In general,
the municipality had to deal with a lack of financial resources and a
cooling-down of the city's economy because of a lack of area de-
velopments due to the financial and economic crisis. Locally, the
municipality had a problem because the required parking space for
the area would not be developed (College van Burgemeester en
Wethouders Gemeente Rotterdam, 2013). These challenges led to
a procurement in 2013 (Gemeente Rotterdam, 2013) in which the
planning area had been enlarged to include all of the water and the
eastern docks where Rijnhaven Park and House of Design de-
velopments had been planned before (see Fig. 6). The scope had
shifted from floating development to area development. The pro-
curement did not ask for floating developments and the (a)Round
Rijnhaven concept was still possible within the procurement rules.
The ambitions for the development had been enlarged to what the
municipality referred to as ‘delta metropolitan innovation, quality
of life improvement, shaping the Rotterdam Waterfront and
continuous creation of added value’. The procurement rules also
asked for a creative and flexible development strategy and for a
specification of roles for all involved parties. Future concession
holders would have to change the spatial framework and carry all
risks and costs. After the thirty-year concession period the area's
transfer back to the municipality should not lead to residual costs
for the municipality.
formation and sustainability transitions; conceptual framework and
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Fig. 5. Search area for floating development amidst (a)Round Rijnhaven development (Stadshavens Rotterdam, 2012: 8).

Fig. 6. Planning area in the procurement for the area development Rijnhaven (Gemeente Rotterdam, 2013: 9).

4 Exact actors unknown due to tender process taking place behind closed doors.
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The procurement was based on experiences with the area
development Hart van Zuid in Rotterdam. It offered a 30-year
concession to design, build, finance, maintain and operate the
area; the applied process was a competitive dialogue between
municipality and consortia of private parties. A committee
comprising global experts on sustainability, transitions and urban
planning was composed to assess to what amount the visions and
plans lived up to the ambitions. During the process, the munici-
pality organized innovation markets, creating private meeting
points for bidders and outside parties wanting to join in. In these
respects the procurement was innovative, but it also contained
crucial conventional elements: it used suitability requirements
based on experience and financial capacity, there was a set of pre-
requirements that had to be met, the municipality controlled the
Please cite this article in press as: Ernst, L., et al., Sustainable urban trans
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procurement procedure and the procurement took place behind
closed doors. The procurement requirements caused a dropout of
interested parties: at the end, from the seven original bidders, two
remained.4 The closed character of the procurement ended the
open innovation process regarding Rijnhaven and inhibited the
involvement of local stakeholders and residents.

In 2015, after almost two years of dialogue between bidders and
officials from the municipality, the municipal executive of the
municipality of Rotterdam concluded that neither of the two
remaining consortia of private companies had submitted a proposal
that met its ambitions and prerequisites (stadshavensrotterdam,
formation and sustainability transitions; conceptual framework and
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2015). Also, none of the approved plans for temporary floating
objects have resulted in actual floating objects in Rijnhaven. The art
project ‘Floating Forest’ has to date resulted in two floating trees
that are currently tested in AquaDock. The commercial projects
‘Urban Hotspring’ and ‘Floating Greenhouse’ could not obtain the
required finances and permits.

5. Understanding the Rijnhaven transformation

5.1. Transition and adaptation patterns in the Rijnhaven
transformation

In this section the conceptual framework of SUT in Table 4 is
used to assess consecutive phases in the Rijnhaven development.
We relate these descriptions to transition patterns defined by De
Haan and Loorbach (2011), see Table 2.

5.1.1. (a) Round Rijnhaven
(a)Round Rijnhaven was not a SUT. It is likely that the Rijnhaven

Bridge encourages walking and biking and may reduce motorized
traffic, as the planned walking route of (a)Round Rijnhaven also
might have done. However, (a)Round Rijnhaven was not aimed at
realizing a sustainable area, but at strengthening the socio-
economic Kop van Zuid development. It has characteristics of re-
positioning. During the mainstream Kop van Zuid development,
major actors of (a)Round Rijnhaven and themunicipality assumed a
new role and cooperated with other local regime actors to create a
plan for the development of a walking route in public space.

5.1.2. Floating development
For the incumbent urban development regime in Rijnhaven, the

Floating Pavilion was a niche development from an outside sus-
tainability transition, in this case the transition to sustainable urban
water management. This niche development came with an
expanding culture of open participation, co-creation, communica-
tion and collaboration by niche actors, local communities and
future owners, with an attitude of experimentation, innovation and
learning. It brought innovative practices to the Rijnhaven devel-
opment: new visions, plans, designs and building technologies. The
municipality facilitated this process by participating in the design
and construction team and adjusting spatial plans -which were
interventions in the regime's structure- and empowered new ac-
tors by issuing a market consultation. It employed a simultaneous
bottom-up and top-down approach by calling for temporary
floating objects, which were new practices. The scaling-up did not
include the incumbent urban development regime, which in fact
resisted the development. It can therefore be characterized as
substitution: niches scaling up and becoming empowered in spite of
the regime. However, the scaling-up did not lead to an actual sus-
tainable urban area: neither temporary floating objects nor floating
houses were realized. So, the substitution was followed by a back-
lash: the niche initially gained power, but failed to become the new
mainstream.

5.1.3. Procurement sustainable transformation Rijnhaven area
Interestingly, the backlash was partly caused by financial issues

(for the temporary floating objects), but mainly by the procurement
procedure for a sustainable transformation of the Rijnhaven area.
The procurement was an innovation adaptation of the area devel-
opment regime. The procurement asked private parties to develop
a sustainable urban area and to also come up with innovative ways
of urban area development. The desired concession can be
considered as a new business model for the municipality. The
procurement goals can be characterized as radical reform: reform-
ing the regime according to the cultures and structures of an
Please cite this article in press as: Ernst, L., et al., Sustainable urban trans
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outside constellation. However, the procurement rules were
consistent with the incumbent urban development regime’s rule
set. This led to a procurement procedure that caused the backlash
of the floating development transition process. Floating develop-
ment was no longer an objective, and because the procurement
took place behind closed doors, it was separated from the floating
development transition, except for actors from that sector who
participated in the procurement. The procurement rules seemed to
be heading towards a lock-in: not only would the concession be
delineated to a particular space and time, but also the procurement
procedure was set apart from broader transition processes in both
floating development and urban area development. Since the
procurement eventually did not lead to actual sustainable urban
development or a sustainable area, it can be characterized as
collapse: the attempted reconstellation did not lead to a new stable
societal system.

5.2. Relating the Rijnhaven transformation to transition literature

The process confirms a number of observations in transition
literature. In RDM, a space of innovation and autonomy (Hamann
and April, 2013: 14), the disruptive technological innovation
Floating Pavilion was developed in an urban open innovation
environment (Peek and Troxler, 2014: 7e8). The Floating Pavilion
can be characterized as a transition experiment (Van den Bosch,
2010: 63), which was connected to a broader transition context
and for which the necessary financial means were found (Nevens
et al., 2013: 119). Through political commitment to overcome ob-
stacles (Quitzau et al., 2013: 144) the Floating Pavilion was docked
in Rijnhaven. This realized project (Klein Woolthuis et al., 2013: 98)
led to the transition mechanisms deepening, broadening and
scaling-up (Van den Bosch, 2010: 63e72; 235e237). The market
consultation, an existing resource within the system, aimed to
bring about a change of routines and practices (Quitzau et al., 2013).
The three core processes in niche development named by Geels
(2011: 28, referring to Kemp et al., 1998 and Schot and Geels,
2008) were present: the articulation (and adjustment) of expec-
tations or visions; the building of social networks and the enroll-
ment of more actors; learning and articulation processes on various
dimensions. Furthermore, it confirms that “Niches gainmomentum
if expectations become more precise and more broadly accepted, if
the alignment of various learning processes results in a stable
configuration (‘dominant design’), and if networks become larger
(especially the participation of powerful actors may convey legiti-
macy and resources to niche-innovations)” (Geels, 2011: 28). In this
process floating development entrepreneurs, who saw business
opportunities in this sustainable development (Loorbach and
Wijsman, 2013: 26e27) played an active role (Klein Woolthuis
et al., 2013). Throughout the process there was political support
(Quitzau et al., 2013: 144), which resulted in quick development of
ambitious policies with flexibility for rapidly changing urban con-
ditions (Bugliarello, 2010: 25); also confirming that programs of
change in socio-technical systems can often be traced back to
strategic interventions of particular actors (Farla et al., 2012: 996).
Measures were taken in the floating development sector and in the
urban area development sector (Næss and Vogel, 2012: 49), which
not only involved niche players, but made cross-overs to change
minded actors within the dominant regime (Peek and Troxler,
2014: 2) This took place at the scale of a precinct, which could
play an important role in catalyzing and learning about sustainable
urban transformation (McCormick et al., 2013: 6).

Next to consequences of the crisis (Loorbach and Lijnis
Huffenreuter, 2013; Geels, 2013), institutional arrangements, reg-
ulations and legally binding contracts (Geels, 2004: 906) played a
determining part in the municipality changing its course. Also,
formation and sustainability transitions; conceptual framework and
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attracting (large scale) investments (Peek and Troxler, 2014: 4e5)
proved difficult. In the procurement, existing structures and in-
terests prevented the changes from diffusing and from mobilizing
societal support (Loorbach and Rotmans, 2010: 245). Politics and
administrations displayed a ‘command and control’ attitude and a
strong fixation on unambiguous planning towards concrete out-
comes and communication (Nevens et al., 2013: 118). This is in line
with the observation that deliberation and ‘visioning’ objectives are
characterized by open-ended objectives and integrative negotia-
tion, while implementation aspects are more focused on pre-
determined objectives and corresponding (financial) account-
ability and compliancemeasures (Hamann and April, 2013: 20). The
procurement procedure led to lack of communication and harmo-
nization with neighboring interest groups and future owners and
users (Meijer et al., 2011: 544). The failed procurement seems to
confirm that it is only through collaborative action that urban
sustainability projects can be effective, particularly when there are
ambitious goals (McCormick et al., 2013: 6).

Regarding floating developments, the case study confirms that
green niche developments face new challenges in the takeoff phase
when they are to be implemented at a larger scale. The need to
mobilize large sums of money, the need of changes in policy and
institutional frameworks (which require political changes), and the
need to secure public support and cultural legitimacy (Geels, 2013)
were all relevant obstacles that explain the collapse of the transi-
tion process in the Rijnhaven. The procurement was a regime
response to a crisis at landscape level. Despite its high ambitions,
Rijnhaven was not a niche-location: it did not offer protection and
did not generate radical innovations. Rather, it was (and still is) a
high-end inner city area with corresponding socio-spatial re-
quirements. Rotmans (2011) advocates ‘reduced regulation’ areas
for transition experiments; this was surely not the case in the
Rijnhaven development. In comparison, other CityPorts areas
Merwe en Vierhavens (DRIFT and Doepel Strijkers Architects, 2011;
Meijer and Peek, 2015) and RDM (De Vries, 2014) seem to pro-
vide more opportunities for conducting experiments. RDM is the
place where the Floating Pavilion was actually developed and
where AquaDock currently offers locations for building, testing and
demonstrating floating constructions (rotterdam, undated).

6. Conclusions

Sustainable urban transformation can be defined as subset of
urban sustainability transitions: “Purposive, systemic, long-term
and vision-led economic, social, cultural, organizational, govern-
mental and physical change that leads to sustainable urban struc-
tures and environments and corresponding technologies, markets
and institutions, that determine patterns of production and con-
sumption of resources, by long-term oriented governance ap-
proaches and flexible, adaptive and reflexive policy designs that
promote active collaboration among stakeholders, integrate
different perspectives and bodies of knowledge and expertise, and
stimulate experimentation with and learning from different solu-
tions and approaches”. This broad definition relates to three
elements:

1) Sustainable places and their management and usage: “Resilient,
climate proof, water-sensitive, non-pollutant, bio-divers,
attractive, inclusive, prosperous and innovative urban struc-
tures and environments, consisting of soil, water bodies, infra-
structure, buildings and technologies, which are populated and
used by flora, fauna and people”.

2) The sustainability transition of the urban development regime
towards “a culture of open participation, co-creation, commu-
nication and collaboration by regime and niche actors, local
Please cite this article in press as: Ernst, L., et al., Sustainable urban trans
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communities and future owners and users, with an attitude of
experimentation, innovation and learning. Facilitated and
enabled by connecting and empowering local authorities and
based upon transition-oriented planning schemes, new
contractual forms and property rights, its actors use simulta-
neous bottom-up and top-down approaches and build upon the
potential of existing land use and temporary uses, thereby
producing new business models and flexible, sustainability
oriented visions, plans and designs”.

3) Sustainability transitions in related societal sectors, such as ur-
ban water management, energy and transport.

The Rijnhaven area (Rotterdam, The Netherlands) is subject to
two diverging area development programs, concerns large scale
development on water, includes technological and institutional
innovations and involves a great number of actors. Despite this
case's complex nature, our conceptual framework on sustainable
urban transformation enables us to identify transition and adap-
tation patterns in regime and niche interactions that can be related
to transition literature. This creates improved understanding in
why the desired sustainable transformation failed despite it being
part of a bigger urban sustainability transition, the crisis created
opportunities, an innovative procurement was issued, and there
were private parties bidding for a 30-year concession to realize a
sustainable transformation of the Rijnhaven area.

7. Discussion

There are some considerations regarding this paper. First, since
we use a single case study we do not show general applicability of
our findings. Second, we describe the transition patterns in the
Rijnhaven case from the analytical view point SUT. From another
perspective (floating development as part of the urbanwater sector
transition for example) the transition story could be different at
certain points. Third, the Rijnhaven development as we describe it
has a time-span of approximately thirty-five years, but can be
related to SUT for only five. Since transition and transformation
processes are erratic and take place over an extended span of time,
we have only described a small time-frame of the sustainable
transformation of the Rijnhaven area and the sustainability tran-
sition of Rotterdam. For example, what we have now classified as a
backlash of a reconstellation pattern might in the long run turn out
to be the starting point of a successful revolution. Finally, ‘man-
agement and usage’ of sustainable urban places are part of our
conceptual framework, but, given the nature of our case study,
these aspects have not been elaborated in this paper. Further
research needs to be conducted, since management and usage of
urban places can be important aspects of urban sustainability.
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