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1.

SOCIO-TECHNICAL TRANSITIONS

The conceptualization of major increases in environmental sustainability
as socio-technical transitions emerged around the turn of the century
(Kemp et al. 1998; Grübler et al. 1999; Geels 2002; Ulli-Beer 2013). System
thinking at the time was not new, but two key aspects in the approach
were emphasized as relatively novel: first, the socio-technical nature of
transitions, indicating that higher levels of sustainability can be reached
only through a combination of the technical and social sides, and secondly,
the multi-level character of transitions, including stability derived from
rules that reproduce existing system characteristics (regime) with forces of
change ‘residing’ in other layers among others the niche level (Geels 2002,
2010, 2011; Kemp et al. 1998).
Taking the energy sector as an example, socio-technical systems can be
seen as collections of interacting physical elements, such as power plants,
distribution grids, technology firms and metering systems, and social elements, including individuals, firms, governments, institutions, regulation,
standards and pricing regimes. All these elements together with their
linkages constitute the socio-technical system. Socio-technical systems
evolve as a result of interactions among many relevant actors, while a
single actor can only partially influence its own path (Geels 2002; Schot
and Geels 2008). Consequently, bringing about changes that go beyond
incremental steps, transitions, implicates the involvement of large numbers
of actors – on the technical and social sides – along with their networks and
interconnections, which is a highly comprehensive and complex endeavour.
Such a situation holds true, for example, for electricity producers and suppliers, research institutes and manufacturing companies of solar panels,
wind turbines, bio-mass installations, manufacturers of electric cars and
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batteries, governments in setting legal issues and providing subsidies, and
for regulators of new product standards and prices (Yliskylä-Peuralahti
2016).
The applied transition literature most often addresses the energy system
(and climate change) (e.g. Geels 2014), but the connected transport system
has also been studied (Geels 2012; Geels et al. 2012). Accordingly, theoretical refinement of transition thinking has mainly taken place with regard to
these systems. More recently, attention is also being paid to the healthcare
system, in particular to the transitional change needed in view of the ageing
population, urban health challenges and affordability of healthcare (World
Health Organization (WHO) 2014, 2016; Bugge et al. 2015; Siri 2016).
Accordingly, research is focusing on the different actors in this system,
and to boundary-spanning between them, in order to have innovations
brought to market more rapidly and contribute to systems change (Lander
2016; Miller and French 2016; Thune and Mina 2016). Healthcare systems,
however, are undergoing relatively pronounced fragmentation – due to
involvement of a large number of different actors – while testing and
approval procedures of new medicines and specific medical equipment
may take a relatively long time after proof-of-principle, even up to 15 years
(Guldemond and van Geenhuizen 2012). The main actors here are universities (medical faculties, biology, electro-technical), (academic) hospitals,
other care providers, the big pharmaceutical companies and the medical
technology industry, small ventures in the same areas, testing and approval
institutes, insurance companies, patients and patient organizations, and
governments, which increasingly include lower level governments.
Drivers of transitions are thought to reside in one of the system levels.
The multi-level perspective offers a conceptual framework for understanding the comprehensiveness and multi-dimensional complexity of socialtechnical system transitions (Smith et al. 2010; Geels 2010, 2011). Three
levels are distinguished: the so-called regime, landscape and niche. Basically
all these levels are non-spatial (Figure 1.1). The deep structure that
accounts for stability in the socio-technical system is the socio-technical
regime, and this refers to sets of rules that direct and coordinate social and
economic groups that reproduce the various elements and activities of the
socio-technical system. Socio-technical systems are stabilized by lock-in
mechanisms, sunk cost impacts and vested interests of stakeholders causing
resistance to change (Geels 2010, 2011). Next, the concept of landscape
(which is also non-spatial as mentioned above) is important for understanding the broader conditions and environmental and ‘external’ pressures in
transition. Accordingly, the landscape operates at the macro-level of political cultures, economic growth, macro-economic and technology trends,
etc., and applies to pressures on the existing socio-technical regime, thereby
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Socio-technical
landscape
(exogenous
context)

Macro-level of policy/ politics,
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for radical change

Sociotechnical
regime
Rules direct/coordinate social
and economic groups that
reproduce the system; through
lock-in, sunk costs, other vested
interests, etc.

Niche

‘Pressure’ from both niche
and landscape level,
eventually leading to
radical change

Processes of experimentation,
upscaling, legitimacy creation,
finding business models, etc. in
‘protected’ environments

Source: Adapted from Geels (2011).

Figure 1.1 A simplified multi-level model of socio-technical transitions
creating a broader context of opportunities in an overall situation of constraints to radical changes. The Paris Agreement on climate change can be
seen as an example of a force at the landscape level that aims to change the
regime. However, it can be difficult for radically new policies or technologies
to break through existing regimes because regulations, infrastructures, user
preferences and practices, maintenance networks and business models are
all aligned to the existing technology (Geels 2002).
Finally, at the lowest level of the system are the niches. Here, novel projects are nurtured in order to arrive at sufficient upscaling, for example, in
experimentation in a real-life situation and subsidized demonstration projects. Niche projects are often well organized and supported in a ‘protected
space’ for learning and experimentation, but they also often face barriers
to ‘mainstream’ adoption. Niches are outside the constraining influence
of regular market forces and competition, which is critical for developing
and accomplishing transition pathways (Geels and Raven 2006; Smith and
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Raven 2012; Quitzau et al. 2012; Dóci et al. 2015). In addition, by producing
convincing learning results in niches, new and disruptive technology may
gain legitimacy through recognition by the main actors, such as large firms,
financial institutions, governments, etc., thereby enabling further rounds of
testing or upscaling of the innovation (Aldrich and Baker 2001; Markard
et al. 2016). Transition pathways, however, are also propelled by pressures
shaped by government, eventually along with technology trends, leading to
a variety of transition pathways (Smith et al. 2010; Turnheim et al. 2015).
At the niche level, we may also find learning and experimentation projects that are less consciously driven by attempts to disrupt the established
order, but serve to produce sustainability solutions that are more closely
adjusted to market demand, for example, use of living labs as an innovation
methodology (Almirall et al. 2012; Nyström et al. 2014; van Geenhuizen
2018). In the broader sense, living labs refer to open innovation networks.
The main goal of living labs, as an innovation methodology, is to achieve
better solutions for users (consumers) by co-creating new products or
services with them. Living labs have been applied not only in all the
three sustainability domains addressed in this volume (energy, transport
and healthcare) but also in entire parts of cities (urban living labs) and
universities (university or on-campus living labs). In finding ways towards
sustainability transitions, increased emphasis is also being put on efficiency
of measures/policies, exemplified by radically new ways of financing, like in
social welfare and healthcare: rather than the intervention (or treatment),
what is paid for is their positive impact (pay-for-success contracts). Social
welfare is already making use of the so-called social impact bonds, while
health impact bonds (HIBs), although still in the experimentation stage
have been tried in a previous form (Clay 2013; Arena et al. 2015).
Remarkably, in studies on transitions towards higher sustainability, the
influence of space (place) has received scarce or no attention at all for a
long time. Rather, transition studies have focused on the national innovation system (e.g. Coenen et al. 2012; Truffer and Coenen 2012; Truffer et
al. 2015). Consequently, the following influences have been overlooked or
taken for granted. There are, first, locally embedded assets (conditions)
that enhance or hamper radical sustainability inventions or policies at a
particular spatial scale (e.g. city, province). Secondly, there are influences of
multi-scalarity on innovation and diffusion patterns, for example collaborating local and global networks, and, thirdly, there are spatially different
governance and power structures and relations, among others, allowing for
or preventing more or less active roles of city governments in supporting
local communities that ‘attack’ the regime level with grassroots innovation
(e.g. Bulkeley and Betsill 2005; Avelino and Rotmans 2009; Hodson and
Marvin 2009, 2010; Hatzl et al. 2016).
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Many arguments can be made to uncover the hidden urban/regional
influences on socio-technical transition processes. Important here is the
need for better understanding of the ‘natural’ diversity in physical, socioeconomic and governance endowment of places, including the potential
of local places to interact with the global and produce (governance)
relations enhancing the rise of drivers of transitions, or conversely, prevent
any further development (e.g. Ambos et al. 2006; Coenen et al. 2012; van
Doren et al. 2016; Fenton 2017). Such understanding opens ways to a
better steering of the transition processes that are desired. In particular,
the local level of cities/regions seems to be a well-suited environment for
part of the learning/experimentation and creative design – whether it is
technology creation from research and development (R&D) or grass-roots
innovation – all taking place on the basis of localized face-to-face interaction and a shared urban aim and culture. Importantly, problems of sustainability are concentrated in cities. As a consequence, an increasing number
of researchers, therefore, are investigating the role of cities (city-networks)
as change agents by themselves and as places where bottom-up solutions
that respond to the interests of local communities emerge, however, most
of these solutions still needs to be up-scaled (e.g. Evans et al. 2015, 2016;
Loorbach et al. 2016; Raven et al. 2017).
This book takes a slightly different perspective, namely, one that
addresses the challenges for cities in accelerating steps towards sustainability transitions, for example, by developing (ambitions for) radical change,
pushing further the upper limits of technology, or enabling advanced
bottom-up approaches and niche development. Such steps not only involve
transformation within the city itself, it also involves a larger importance of
the system(s) concerned and the city acting as a technology leader, as an
example (demonstration), as a learning partner for other cities, or as an
institutional inventor, thereby ‘changing the rules of the game’ and so on.
Cities and city governments may take on different roles, active and passive
ones, and some cities become leaders.

2.

AN EMERGING RESEARCH FIELD

Urban/regionally oriented studies on transitions are rapidly increasing in
number today (e.g. Bulkeley et al. 2010; Holbrook et al. 2010; McCauley
and Stephens 2012; Quitzau et al. 2012; Brachert et al. 2013; Klitkou
and Coenen 2013; Hansen and Coenen 2015; Truffer et al. 2015; MuñozErickson et al. 2016; Rosenbloom et al. 2016; Tanner 2016; van der Schoor
et al. 2016; Wolfram and Frantzeskaki 2016; Lutz et al. 2017). It is worth
noting that this literature encompasses the entire range of invention

Marina van Geenhuizen, J. Adam Holbrook and Mozhdeh Taheri - 9781783476770
Downloaded from Elgar Online at 11/13/2019 12:25:18PM
via free access

M4517-VAN GEENHUIZEN_9781783476763_t.indd 7

01/06/2018 13:56

8

Cities and sustainable technology transitions

c reation and R&D to commercialization, mass-manufacturing and adoption (diffusion) in the market. This is also the range of the subjects covered
in this book. An important point is that specific qualities of regions/cities
make a difference to the potential for inventions to be created, up-scaled,
introduced to market and (mass)-manufactured, and innovations to be
adopted and diffused. Such differences will be emphasized in this book.
The urban/regional qualities involved are highly diverse, encompassing
localized assets that are given, as inherited from nature, for instance favourable climate conditions for sun or wind energy, or localized assets that have
grown in past decades, for instance city size and density (agglomeration),
and patterns of infrastructure. Agglomeration assets may include: specialized research/testing sites at universities, such as medical-nuclear research
facilities and ‘wind-tunnels’; a testing market with launching customers; a
broad range of specialized services firms; and presence of multinationals
connecting the city globally (van Geenhuizen and Nijkamp 2012). Also,
more active governance may be undertaken, including a wider diversity,
and this broadens the study of transitions and the city for example with
investigating combinations of national/local subsidies to enhance local
manufacturing of innovative products, application of transformative forms
of local spatial planning and selective smart city development (Batty 2013),
and support of local civic society activities.
The previous examples illustrate the urban/regional influences affecting
progress in transitions as presented in the book (Table 1.1) as: localized
assets that are inherited from the past and in which current city policy
plays no active role; localized assets that are being shaped by active policy
making, eventually in interaction with bottom-up approaches, with localized institutional innovation as a specific case, as a consequence but also
as an influence; and the multi-level character of the influences, such as in
knowledge networks (Coenen et al. 2012; Bridge et al. 2013; Truffer et al.
2015). Also, the chapters of the book adopt different theoretical approaches
to urban/regional influences providing insight into sustainability invention
and adoption: agglomeration and cluster theories, relational geography
approach; entrepreneurship and entrepreneurial ecosystem perspective;
institutional/governance approach, and evolutionary thinking. However,
most chapters include a combination of approaches (see Table 1.1).
Agglomeration and cluster theories are considered because these provide
insight into local favourable conditions, for example as large cities’ seedbeds
benefiting from physical proximity and concomitant knowledge spillovers
(Jaffe et al. 1993; Acs et al. 1994; Audretsch and Feldman 1996; Anselin et
al. 1997; Duranton and Puga 2003; Capello 2009; Karlsson 2010) that may
be shaping influences of the ‘landscape’ level (creation of a wave of new
technology) and also the ‘niche’ level in terms of social experiments and
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Chapter 2: solar PV
invention
Chapter 7: passenger
mobility
Chapter 10: adoption of
medical technology
Chapter: 5 solar PV
adoption
Chapter 6: fuel cell
invention + manufacturing
Chapter 7: passenger
mobility

1.	Localized assets
(passive)

2.	Localized assets
(created by
urban/regional
policy and or
bottom-up)
	
Specific:
	localized
institutional
innovation

Agglomeration
and clusters, relational
geography

Urban influences

Institutions and governance

Chapter 4: solar PV
manufacturing
Chapter 6: fuel
cell invention +
manufacturing

Chapter 2: solar
PV invention

Evolutionary
thinking

Chapter 6: fuel
Chapter 4: solar PV
cell invention +
manufacturing
manufacturing
Chapter 5: solar PV adoption
Chapter 7: passenger mobility
Chapter 8: seaport development
Chapter 11: EV loading
infrastructure
Chapter 12: energy
intermediaries
Chapter 13: health living labs
Chapter 14: well-being living
labs
Chapter 15: health impact
bonds

–
Chapter 3: Sustainable
energy commercialization
Chapter 9:
commercialization of
medical technology

Entrepreneurial
ecosystem

Table 1.1 Urban/regional influences and linked theories/approaches
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Note:

EV = electric vehicle.

–
Chapter 3: sustainable
energy commercialization
Chapter 6: fuel
cell invention +
manufacturing
Chapter 9:
commercialization of
medical technology

Chapter 2: solar PV
invention
Chapter 4: solar PV
manufacturing

3.	Multilevel:
(market demand
and knowledge
networks)

Institutions and governance

Entrepreneurial
ecosystem

Agglomeration
and clusters, relational
geography

(continued)

Urban influences

Table 1.1

–

Evolutionary
thinking
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grassroots innovation. Large cities are often home to different kinds of university (general, applied, technical, specialist institutes) and research labs of
large companies, where new knowledge is created and, eventually, brought
to the marketplace. Increasingly, universities have adopted a broader task:
engaging with societies and cities through application of research findings
(Etzkowitz and Leydesdorff 1998; Etzkowitz 2008; Breznitz and Feldman
2012; Goddard and Valance 2013; Ranga and Etzkowitz 2013; Trencher
et al. 2013, 2014a,b). In addition, large cities themselves may be beneficial
to adoption of new technologies due to their sheer size and density as a
market, as indicated in the chapters on public transport and healthcare.
The previous viewpoints are most clearly adopted in Chapter 2 on photovoltaic (PV) inventions, Chapter 7 on innovation in passenger mobility and
Chapter 10 on adoption of eHealth technology.
The cluster approach to sustainable (energy) technology has been
adopted by many scholars in recent years, for example Holbrook et al.
(2010), Madsen and Andersen (2010), and Klitkou and Coenen (2013); the
same holds for regional innovation systems (e.g. Cooke 2010). As a more
nuanced approach to spatial proximity and collaboration, in general, the
so-called ‘relational geography’ has been proposed, in which it is argued
that ‘advantages of spatial proximity’ also work at a distance, thereby
emphasizing the benefits of global knowledge collaboration in technology
creation (Breschi and Lissoni 2001; Ponds et al. 2007; Maggioni and Uberti
2009; Ertur and Koch 2011; Castellani et al. 2013; D’Este et al. 2013;
Audretsch et al. 2014). For a relational perspective in literature, including
views on the multi-scalar character of collaboration, see, for example, Binz
and Truffer (2011). In the book, cluster approaches and relational theory
are used in a pronounced way in Chapter 2 on PV invention, Chapter 5 on
adoption of solar PV in Germany, and Chapter 6 on fuel cell invention and
manufacturing.
Inventions are brought to market through different routes, among others,
university patents may be licensed to large firms and university knowledge
may be further developed by their ‘offspring’, the spin-off firms. Also, and
increasingly, customer groups are involved in co-development or co-creation, thereby speeding up the time to market (Prahalad and Ramaswamy
2004). An approach that has more recently attracted attention is that of
entrepreneurial ecosystems (Stam 2015, 2017; Stam and Spigel 2016).
Though there are similarities with approaches such as ‘regional innovation
systems’ and ‘learning regions’, the focus in entrepreneurial ecosystems is
on innovative and risk-taking entrepreneurship in grasping opportunities
of value creation. The approach, which is a system approach, makes a distinction between two interacting layers of framework conditions and systemic conditions, the latter including networks, leadership, finance, talent,
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 nowledge, and support services and intermediaries. Entrepreneurship
k
and value creation are seen as outcome (output) and at the same time
as input into the system. Some entrepreneurs are highly innovative and
forward-looking in such a way that they help introduce new technologies,
for instance fuel cells, and open ways to transitional change, while other
entrepreneurs may take small steps in reaching their innovation aims
(e.g. Aldrich and Fiol 1994; Hervas-Olivier and Albors-Garrigos 2009;
Alkemade et al. 2011; van Geenhuizen and Ye 2014; van der Vooren and
Hanemaaijer 2015; Pacheco et al. 2017). The entrepreneurial ecosystem
approach is adopted in Chapters 3 and 9 on the level of university spin-off
firms attempting to reach the marketplace with energy and medical technology inventions, as well as in Chapter 4 on PV manufacturing firms in China.
Next, (related) institutional and governance approaches are important.
In general, institutional approaches provide a lens to examine survival and
legitimacy of new organizational practices, including influences from culture, regulation (legal framework), tradition, as well as (economic) incentives and resources (DiMaggio and Powell 1991; Aldrich and Baker, 2001;
Baumol et al. 2009). For example, these approaches help elucidate how
organizations secure their positions and legitimacy by conforming to rules
and norms (North 1990; Scott 2007). Many urban/regional studies in the
sustainability transition literature can be grouped under these approaches,
such as those on national and local systems of economic incentives and
governance, and studies on support for niche experiments, living labs and
special intermediaries (Smith and Raven 2012; Klitkou and Godoe 2013;
Goodrich et al. 2013; Nevens et al. 2013; Li and Yi 2014; Rohrachter and
Späth 2014; Chen 2015; Martin and Coenen 2015; Sengers and Raven 2015;
Affolderbach and Schultz 2016; Voytenko et al. 2016).
In this book, an institutional approach sheds light on national and local
institutions and governance beneficial to the creation and adoption of new
technologies. Many chapters in the book adopt an institutional approach,
for instance, Chapter 4 on solar PV manufacturing in China, Chapter 5
on solar PV adoption in Germany, and Chapter 7 on passenger mobility
innovation. More specifically, the following chapters deal with (new)
institutional arrangements: Chapter 11 on electric vehicle (EV) loading
infrastructure, Chapters 13 and 14 on living labs in various cities across
the world, and, in particular in Lahti, Finland, respectively, and Chapter
15 on health impact bonds as novel financial arrangement based on the
pay-for-performance principle.
A special perspective is one on actors that perform as change agents of
the dominant institutional arrangements, so-called institutional entrepreneurs. These include powerful individuals and organizations, for instance
city governments, which have an interest in particular institutional
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a rrangements and develop activities to create new institutions or adjust
existing ones by institutionalizing alternative practices, rules and logics
(Battilana et al. 2009; Lawrence et al. 2011; Bulkeley et al. 2016; Fudge et
al. 2016; Kukk et al. 2016). Such important actors may emerge and while
creating new or adapting existing dominant institutional arrangements,
they may support transitional change. Institutional entrepreneurship
is considered in Chapter 4 on PV manufacturing in Chinese cities and
Chapter 8 on future transition of the Rotterdam seaport. In general,
transitional change is associated with manifold uncertainties and so is the
policy concerned. Due to a dynamic multi-actor situation, technological
uncertainty and market volatility, policy making processes and policies
on sustainability and transitional change need to respond in one way
or another to uncertain cause-and-effect relations and an uncertain
future (Enserink et al. 2010). One specific way of dealing with multiple
uncertainties is to adopt a form of flexible or adaptive policy making (van
Geenhuizen and Thissen 2002; Haasnoot et al. 2013; Kasprzyk et al. 2013;
Kwakkel et al. 2015). For example, the question whether once-selected
policy measures (intervention) will lead to the expected results, and if they
do not, whether these measures need to be adapted, is highly relevant.
This issue is addressed in Chapter 11, at the city level with regard to
implementation of charging infrastructure for EVs.
Finally, evolutionary approaches are relevant for understanding changes
in socio-technical systems. Generally, important notions are decreasing returns, path-dependence and lock-in, new path creation, selection
environments for new technologies, and co-evolution of technology and
institutional change (e.g. Garud and Karnøe 2011; Simmie 2012; Brachert
et al. 2013; Nykvist and Nilsson 2015). Cities and regions (clusters) show
large differences in opportunities due to their specific past developments,
for instance, in physical infrastructure, city morphology, economic specialization and experience with ‘disasters’ or other shocks. The presence
of determined agents (change agents or pioneers) in new path creation in
sustainability technology and in shaping new institutional arrangements
is increasingly attracting research attention (e.g. Dewald and Truffer 2011;
Simmie et al. 2014; Muñoz-Erickson et al. 2016). Evolutionary approaches
may be applied both to sectoral (technology system) development, and
cluster and regional development that is connected to particular technology
(Martin 2010; Suire and Vicente 2014; Boschma 2015; Trippl et al. 2015).
Both have been applied in the book, in Chapter 2 on shifts in global patterns
in PV invention and Chapter 5 on growth and decline of the fuel cell cluster
of Vancouver.
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STRUCTURE OF THE BOOK

This book investigates the roles that city-regions or their actors have
adopted, in particular the leadership challenges in emerging transitions
towards higher levels of sustainability. The book breaks new ground in the
analysis of topical issues such as local seedbed conditions, public incentive
schemes, niche development, living labs, impact bonds, grassroots intermediation and adaptive policy making. There is broad coverage of city-regions
across the chapters, with a particular focus on Scandinavian countries
such as Denmark and Finland, and Germany, the Netherlands, China and
Canada. Two studies include global coverage of places of inventions and
adoption of energy technology and passenger transport technology.
Following this introductory Part I, the book is organized into two
more parts. Part II places emphasis on invention, commercialization and
adoption, and Part III emphasizes policy making and governance. Part
II includes nine empirical studies in which different categories of urban/
regional influence, particularly active urban policy, are investigated in certain segments of the energy, transport and healthcare systems. For example,
the chapters cover clusters of inventions in PV technology (solar cells and
panels) and emergence of their mass-manufacturing, as well as invention
and mass-manufacturing in fuel cell technology. Also, in healthcare, commercialization of inventions in medical technology by university spin-off
firms is investigated, alongside adoption of specific medical technology,
namely, eHealth in hospitals.
Part III is devoted to governance and policy approaches in socio-technical
systems. Some studies deal with new institutional arrangements and others
with institutional entrepreneurship. Attention is given, for example, to the
new innovation methodology of living labs and to new organizations acting
as bottom-up intermediaries or platforms in cities. In addition, adaptive
policy making is considered within the frame of uncertainty in demand for
new infrastructure. Part III closes with a chapter summarizing the factors
influencing cities’ sustainability contributions, including localized assets of
cities. It also outlines the practical role city governments could adopt, and
proposes future research directions.

4.

THE CHAPTERS

Part II, Assets and Networks in Cities, opens with Chapter 2, in which
Pieter Stek presents a study of clusters that are ‘champions’ in acceleration
of inventions in solar PV technology. He uses a novel bibliometric method
to identify clusters of PV R&D, which is explained in the chapter. Stek
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observes that the inventive output of the PV sector, measured by patents,
has increased rapidly since 2003, with some clusters being more successful
than others, although this changes with time. However, clusters at the top
of the list have held their position since 2000, and most of them are in east
Asia, namely Tokyo, Osaka, Seoul and Taipei. San Jose in the US is also
among the top clusters, although most high-performing clusters in the
US, namely, Los Angeles, New York and Boston have lost their positions
somewhat. Overall there is a shift toward a larger spread of inventive
performance in PV technology across the world. In order to increase understanding of the shifts in leadership, a regression model has been estimated
including both agglomeration factors and relational (network) factors.
Using data on about 110 clusters, all drawn from bibliometric sources, the
author concludes that agglomeration factors and relational factors tend
to be equally influential and also tend to reinforce each other. It seems
that US cities have lost their relative position particularly due to smaller
agglomeration benefits that could not be fully compensated by strong
networking. Asian cities have not lost their position but have clearly lost
shares, potentially caused by the relatively smaller size of their networks.
In Chapter 3, Razie Nejabat, Mozhdeh Taheri, Victor Scholten and
Marina van Geenhuizen investigate the different approaches of university
spin-off firms in sustainable energy to reach the market. The firms typically
combine strong technology knowledge with weaker knowledge and skills
in management and market/marketing and their technology solutions, for
example solar PV, wind energy, biomass and hydro. Significant attention is
given to the influence of institutional aspects (countries) and circumstances
such as the ‘valley of death’ (see Chapter 3, p. 67), which may delay or prevent
introduction of the invention to market. The analysis draws on a selected
sample of spin-offs in northwest Europe, and applies rough-set analysis to
explore the influence of various conditional factors in an entrepreneurial
ecosystems approach. Accordingly, the best chance for a quick introduction
to market tends to occur with a location in an ‘innovation leader’ country
(Sweden, Denmark, Finland) and involvement in multiple networks. This
is followed by a combination of practical orientation (founders) and access
to substantial investment, the latter indicating a potentially damaging effect
of the ‘valley of death’. Remarkably, the authors find no evidence of differences between ecosystems in large metropolitan areas and those in remote
or small urban places, contrary to what agglomeration advantages would
suggest. Accordingly, there is no indication of positive ‘seedbed’ influences
or of negative influences of lack of agglomeration.Rather, in ‘thin’ regions
indications are found for compensation of such conditions through a
stronger focus of the firms on networks over a distance, and eventually on
‘workplace learning’.
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Chapter 4 is concerned with mass-manufacturing in the PV industry
in China, and the city’s role as an institutional entrepreneur. Marina
van Geenhuizen and Qing Ye investigate how the tremendous growth of
China’s PV industry took place and they find that various Chinese cities,
in interaction with national policy incentivizing of high-tech industry and
global demand for sustainable energy, gained leadership by attracting
and protecting entrepreneurial companies in PV manufacturing in an
unprecedented way. The authors discuss the growth of the sector in China
since the early 2000s and illustrate this with two cases of PV manufacturing
companies, Suntech Power and Yingli Green, in the cities of Wuxi and
Baoding, respectively, along with the specific local enhancing policies.
In particular, the city of Wuxi is seen as an institutional innovator, with
regard to the recruitment policy of Chinese talent from overseas, as well
as a refined system of local, provincial and national policy interaction in
financial incentivizing of (large) domestic companies. Today, China can be
considered as having (taken) the lead in acceleration of adoption of solar
energy in Europe and the US, as it hosts 70 per cent of global production
of solar cells/panels (2015 data). Accordingly, Chinese cities had a huge
role in bringing cheap solar cells to the global market, thereby contributing
to socio-technical transition in energy. However, since about 2012, the
industry in China has been restructuring, with the aim to increase product
quality and improve efficiency. For the foreseeable future, it is noteworthy
that quality improvement in the cells (higher conversion efficiency) is
mainly being achieved by US and Japanese manufacturers, and these
developments make the future continuation of the role of China and its
cities somewhat questionable.
In Chapter 5, Martina Fromhold-Eisebith and Ulrich Dewald develop a
new, spatially relevant context, thereby focusing on socio-technical niches
of PV technology, while investigating in the main the adoption side of
PV technology. They propose some principles for their new approach
by comparing urban and rural conditions using Germany – the country
with the highest installed PV capacity in the world – as a case study. In
their mainly institutional approach, while distinguishing between different
PV technology market segments, the authors avoid bias in the analysis
in favour of urban areas, as is present in many sustainability transition
studies. While emphasizing various urban and regional assets, for example
topographical nature, building and settlement features, economic structure,
socio-economic entrepreneurship and policy agency, they conclude that
both types of area may enhance PV technology adoption, albeit in different ways and segments. For example, thinly populated rural areas can
act as large-scale centralized ‘greenfield’ installations on farmland. In this
segment, major actors like project developers and investors are spatially
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disconnected. Conversely, in the segment of civic corporate solar systems,
emerged as cooperatives, small-scale opportunities are provided for shareholder funding and local use of solar energy, and local–regional integration
is much stronger. A third segment, the small-scale roof-mounted systems,
with home-owners and local installers as main actors involved, is found in
both rural areas and medium-sized cities, as well as fringe areas of larger
cities.
Chapter 6 bridges energy systems and transport systems. It encompasses
notions of agglomeration and relational economies as well as institutional
aspects and city policies, thereby containing elements of all three system
levels, regime, landscapes and niches. Claudia Díaz-Peréz, Brian Wixted
and Adam Holbrook adopt an evolutionary approach by analysing the
Vancouver fuel cell cluster, going back to the early 1980s, when not only
important national R&D programs were launched but also pioneering
firms in fuel cell technology acted as technology change agents: Ballard
and Angstrom. The cluster in Vancouver developed a leadership position due to favourable circumstances, particularly living conditions in
the city, and importance attached worldwide to fuel cell technology and
hydrogen, including substantial support from the central government of
Canada. Also, the cluster was stimulated by initiatives in other regions,
in particular, manufacturers that provided considerable funding for the
cluster, for example, Daimler AG and Ford Motor Company. In the course
of time, however, two conditions weakened growth in the cluster that
was still in the pre-commercialization stage: upcoming competition from
battery-electrical vehicles and hybrid vehicles, and the weaknesses of fuel
cell technology appearing in the large pilot of fuel cell busses (Olympic
Winter Games held at Whistler, British Columbia, Canada) namely lack of
fuelling infrastructure. Once support by the national government dwindled,
this pre-commercial cluster seemed not to be able to grow independently
and reach maturity. Thus, in the case of Vancouver’s fuel cell technology,
the attractiveness of local conditions could not overcome basic competition
between and among technologies. However, while the cluster is shrinking,
car manufacturer Daimler is still investing and releases prototype vehicles,
and new initiatives building on the existence of leading edge technology are
undertaken in the cluster.
In Chapter 7, Hans Jeekel provides a broad view of innovation in passenger transport with the aim to clarify the conditions under which cities
can play a leading role in creating or adopting innovations. He selects three
directions, liveability, intelligent systems management and new mobility,
and 16 innovations representing these directions. For each innovation, a
narrative is presented as derived from experience with innovation projects
and a review of the literature. The analysis results in a matrix in which the
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outcomes are summarized. The most important initiators in urban passenger mobility innovations appear to be city governments, citizen groups,
public transport authorities and universities, with the enterprise world
somewhat lagging behind. Furthermore, on the physical side, spatial scale
tends to be important: larger cities create more innovations in mobility, but
density also plays a role as high densities provide the possibility to present
feasible public transport alternatives to car dominance. Importantly, the
availability of one or more universities is helpful in generating inventions,
as is the availability of a historic city centre that needs to be preserved
against car dominance. On the social side, a population that is young, well
educated and wants to continue living in the city enhances the creation of
innovations in mobility; however, in some developing countries (Global
South) an electorate with a majority that does not own cars, is important
for innovations in public transport. Also, proactive city governments acting
on open information exchange and trust, and active political leaders and
citizenry with networks in leading circles, tend to be helpful. Early adopting
cities mostly have experienced a crisis in mobility or failing projects, and
have an open and outward looking attitude.
In Chapter 8, Marina van Geenhuizen, Lili Song and Wim Ravesteijn
shift the perspective to seaport development and port cities and how these
cities may move from ‘business as usual’ to playing a leadership role in
sustainability energy transition, as technology innovator and institutional
entrepreneur. The authors develop a preliminary framework of conditions
that enable a seaport authority to move from ‘making the port more sustainable’ to a seaport that supports and accelerates comprehensive shifts in
energy use, as seems increasingly the case for Rotterdam in the Netherlands.
In the vision of Rotterdam, such an aim does not contradict economic
development or employment growth. Rather, growth is partially created
through (niche) pilot projects and experimentation with new, low carbon
dioxide (CO2), energy production and use, eventually novel logistics, and
their manifold spin-off effects. The most crucial factor in realizing the new
aim appears to be support from the national government, in formulating
rigorous reduction of levels of CO2 production and emission. In the next
part of the chapter, the authors shift attention to Chinese seaports, with
the question as to how the most advanced of them, Shanghai, is performing in sustainability. The situation of Shanghai is different from that of
Rotterdam, in that the former continues to emphasize economic growth as
business as usual, however, stringent measures have been taken to increase
sustainability in port activities. These measures are discussed and the
dilemma is explained.
Next, the focus of the book shifts to empirical studies in sustainable
healthcare and adopts the perspective of young entrepreneurial firms
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attempting to introduce new medical technology to market and of hospital
organizations adopting such technology, in particular eHealth solutions.
In Chapter 9, Mozhdeh Taheri and Marina van Geenhuizen investigate the
extent to which university spin-off firms are able to reach the market with
new medical technology, for example, support devices in care services (residential homes for elderly people), devices for minimally invasive surgery,
technology for producing new organs, and information and communications technology (ICT) support for methods of diagnosis. The study draws
on a small, selected sample and employs rough-set analysis to identify
causal patterns. One of the strongest influences on introduction to market
is the subsector in which the firms operate, indicating diverse technical
complexity and regulation, for example, using bio-nanotechnology leads
to longer time to market compared with software solutions. Furthermore,
by applying in-depth case study analysis, the authors draw the preliminary
conclusion that spin-offs in complex and risk-taking fields are able to
survive in close research collaboration with the ‘mother’ university and/or
academic hospital, and through this link, with universities and hospitals
abroad. Spin-offs that lack such relationships tend to be much more vulnerable, particularly due to public budget constraints and firm-specific lack of
management experience.
In Chapter 10, Sander Faber and Marina van Geenhuizen take the side
of hospitals in their investigation of adoption of medical technology:
eHealth solutions. In doing so, the authors connect with the ‘landscape’
level through (inter)national health policies and improving ICT. They
posit that better understanding of factors influencing eHealth adoption is
required given the low level of actual adoption in many European countries.
Accordingly, they develop and explore a model of organizational eHealth
adoption, and this is empirically tested using a survey among hospitals in
different cities in the Netherlands. Specific attention is paid to adoption of
new technology as a process that includes different stages; this reveals a high
level of interest in eHealth (about 60 per cent of hospitals) but very limited
actual adoption (ranging from 6 per cent to 23 per cent). Furthermore,
the authors observe that adoption levels are relatively high in large cities.
This outcome is confirmed by the model estimation (Structural Equation
Modelling) indicating a significant direct influence of urban size on eHealth
adoption. Other main influencing factors tend to be organizational readiness and top management of the hospitals, but these are not affected by
urban size. The results of the study leave the question unanswered as to
what makes hospitals in large cities more often adopt new technology if this
is not mediated by hospital size and other organizational characteristics of
hospitals, and – from a policy point of view – how hospitals in relatively
small cities can learn from hospitals in large cities.
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The six chapters in Part III, Governance and Policy Approaches, address
various leadership challenges in city governance. The focus of analysis is on
adaptive policy making, institutional innovation and new arrangements. In
Chapter 11, Freek Kuipéri, Marina van Geenhuizen and Jan Anne Annema
investigate various uncertainties in designing a charging infrastructure for
electric vehicles (EVs) in cities and provide important ingredients for adaptive policy making concerned. EVs are currently seen as one of the solutions
in transport to reduce local emissions and avoid fossil fuel use. However,
municipalities ‘struggle’ with manifold uncertainties in implementation
of a charging infrastructure for EVs: future EV demand, nationally and
locally; new/improved technology concerning batteries, charging equipment and alternative fuels such as hydrogen; and, integrating EV batteries
as storage in renewable energy systems. In the chapter, the uncertainties
are illustrated with different outcomes of scenario analysis and demand
for charging infrastructure per city quarter. Further, indications are found
for a slight trend of large cities being more ambitious than smaller ones in
EV policy, but there may be differences between large cities, as observed
for Stockholm and Amsterdam. The chapter closes with discussing policy
options within an adaptive policy making framework, given the different
types of uncertainty. Three options are discussed in more detail, namely,
one in response to change in national policies impacting on purchasing of
EVs, one in response to the challenges in integrating EVs in larger systems
of renewable energy generation, storage and use, and one in response to
uncertainty in arrangements concerning exploitation of charging stations.
In Chapter 12, Marloes Dignum introduces a new type of urban intermediary, urban platform intermediaries (UPIs), and investigates their roles,
actions and organizational structure in stimulating the growth of renewable
energy initiatives. Urban areas are places of high transition potential due
to large human inventive capital, and in this context UPIs act as strategic
intermediaries that take a normative stance towards realizing sustainability
aims. In the chapter, departing from insights gained from transition studies,
a reflective framework is developed for UPIs to facilitate and evaluate the
strategies towards provision of renewable energy. Empirically, the chapter
takes a closer look at the roles and actions of two contrasting examples of
UPIs in the Amsterdam Metropolitan Region, NewNRG and its spin-off
‘We’re getting chickens’ (WGC), and Amsterdam Smart City (ASC) and its
project City-Zen. Amsterdam is highly ambitious in reaching sustainable
energy aims, which is further complicated by the need for degasification of
its housing stock. Against this background, the two UPIs studied employ
markedly different strategies. WGC is a bottom-up movement and attracts
mostly newcomers (grassroots actors), while ASC started with incumbent
actors and ‘snowballs’ from there. WGC perceives the energy transition
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as taking off and it positions itself accordingly, however, it is difficult for
them to attract sufficient funding for organizational stability. By contrast,
ASC has the financial means to grow but it is unlikely that it is involved in
more radical activities. Despite these differences, synergy may be created
between the two UPIs by sharing the aim of facilitating local change in
neighbourhoods.
In Chapter 13, Marina van Geenhuizen and Nick Guldemond take a
look at a way in which sustainable inventions can be quicker brought to
market: living labs. The authors investigate living labs as a methodology
of user-centric innovation in small-scale real-life environments, such
as a living house or hospital, and pay specific attention to the relation
of innovation with establishing of regional networks. The focus of the
chapter is on healthcare innovation, with the aim to understand critical
factors in the performance of living labs, drawing on literature and results
from four case studies. The cities involved are Eindhoven and Maastricht
in the Netherlands, Copenhagen in Denmark and Montreal in Canada.
The two most critical factors to emerge are early involvement of user
groups, including sufficient feedback, and involvement of a wider network
of stakeholders, whose expertise/input matches the complexity of the
target innovations. If business goals are prominent, an appropriate selection mechanism of promising inventions, including transparent go/no-go
decisions, is also important, as well as the capacity of living labs’ management to support writing successful research proposals in gaining financial
investment. Furthermore, a trend was noted that living labs perform better
if embedded in a policy with other supporting practices at local level, for
instance communities of practice. An additional analysis of network building in knowledge collaboration within and outside the cluster found a trend
for both local and global networking, with emphasis on the latter. These
findings point to a leadership challenge that local governments may grasp,
namely that of a ‘connector’ between the different organizations involved
in living labs, between different living labs, and between living labs and
other experiments in the urban/regional area, all supporting sustainability
transitions.
In Chapter 14, Suvi Konsti-Laakso, Satu Pekkarinen and Helinä Melkas
investigate living labs perceived as open networks through which new
innovations can be developed. Their study deals with innovation in the
public sector, not explicitly discussed before in this book. It examines the
application of the living lab approach to enhance renewal of public wellbeing services for citizens in a regional context. Public sector innovation
is often social in nature and focuses on non-technological innovations,
such as a service, process or an organizational innovation. A multiple case
study design is used to analyse the outcomes of 14 living lab initiatives in
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Lahti (Finland). Four different outcome categories are identified for living
lab activities: access, windows, new solutions and new capabilities. This
study deepens understandings of outcomes that can accrue specifically for
utilizers, and therefore provides new insights and tools for researchers and
practitioners. Furthermore, it contributes to the growing body of living lab
research and improves the understanding of regional living lab activities
and key conditions for their success. Regional living labs enhancing public
sector health services can be seen as an institutional innovation.
Next, in Chapter 15, Stephan Diek, Marina van Geenhuizen and Bart
van Hulst discuss a new financial arrangement, also in healthcare services:
health impact bonds (HIBs). An important part of transition in healthcare
is to make healthcare services more affordable but also more efficient. To
this purpose, HIBs are being developed as these focus on the performance
or output side of these services (pay-for-success contract). First, the authors
describe the urgency of a transition in healthcare systems, in particular the
need for approaches towards preventive care. Next, attention moves to the
current situation of difficulties and challenges met in preventive actions
on both the system level (healthcare) and the level of projects. Against this
backdrop, HIBs are introduced as a relatively novel financial arrangement
and it is explored to what extent HIBs can improve particular problematic
situations, such as the one in which benefits of preventive care investment
do not (fully) accrue to the investor. Accordingly, a preliminary list of
conditions and requirements is designed to which HIBs need to be aligned.
Overall, the authors expect that HIBs potentially provide substantial
solutions by combining new contract forms of paying for success in performance and a shared savings contract (avoiding the ‘wrong pocket’ issue).
The first HIB in the Netherlands, in the city of The Hague, has recently
started and might enable answering remaining questions concerning the
involvement of investors. The chapter closes with a summary and reflection
on how cities may be involved in HIBs, including a broader perspective on
healthcare transition.
In Chapter 16, Marina van Geenhuizen and Adam Holbrook summarize
the main findings of the previous chapters in a city context and identify
different challenges in leadership roles of cities in enhancing sustainability
transitions. Accordingly, they discuss challenges in responding to favourable localized assets that are inherited, from nature or from past developments, and challenges of active city policies that connect and enhance
cluster formation/strengthening and bottom-up initiatives. Specific attention is given to the key condition of attracting and retaining talent, in other
words a highly skilled and diverse workforce. The chapter is closed with a
discussion of factors that will enhance city leadership in the future and a
presentation of important directions of future research.
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A FINAL WORD
The technologies and industries described in this book are in a state of
flux, the most part, for the better. The technologies reported on have
already changed beyond our greatest expectations – for example, the cost
of PV panels has plummeted and battery (electrical storage) capacities have
increased ten-fold while costs have dramatically decreased (The Economist
2017; see also Chapters 4 and 11 in this volume). In that sense, we have
taken a snapshot, in the knowledge that we are commenting, of what is but
a fleeting moment in our technological history. These changes are being
driven by increased social awareness of the need to develop renewable and
sustainable energy resources, and to apply these resources to a new paradigm for sustainable living in sustainable cities. The need for these changes
is widely accepted by nations of every political persuasion, and for the
most part the world is moving to embrace these new industries. The Paris
accord on climate change has been accepted by most nations who perceive
that there are both social benefits to be had, and economic advantages to
be gained, by adopting these new technologies.
However, as this introduction is being written, one major industrialized
nation is backing away from the Paris accords and the sciences they are built
on. The editors remain confident that the rest of the world will not accept
what is increasingly perceived to be a contrary opinion and that there will
not be significant changes to the environment for future generations as the
result of it. We live on a planet with finite resources, and we must develop
and use these resources cooperatively.
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