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A B S T R A C T

Urban policy increasingly positions smart urban development as a transformative approach to deliver sustain-
ability. In this paper, we question the transformative credentials of smartness and argue that it is better un-
derstood as a partial fix for the economic, environmental and social challenges faced by cities. Drawing on the
urban sustainability and smart city literatures, we develop the concept of the urban smart-sustainability fix. This
concept focuses on how smart-sustainable city initiatives selectively integrate digital and environmental agendas
via entrepreneurial forms of urban governance. We develop this concept by examining how the urban smart-
sustainability fix is constructed in the European Commission’s flagship smart cities and communities lighthouse
projects, focusing on the Triangulum initiative. Our research reveals three elements of the urban smart-sus-
tainability fix: (1) the spatial development of smart-sustainable districts; (2) the digitisation of urban infra-
structure to reveal hidden processes; and, (3) collaborative experimentation with low-carbon and digital tech-
nologies. We argue that this has produced urban districts that are attempting to reduce their carbon emissions
while promoting green economic growth. The main aim of the urban smart-sustainability fix is to make the urban
realm more manageable resulting in amplification, rather than transformation, of the dominant ecological
modernisation agenda of sustainable development.

1. Introduction

In Europe and beyond, we are on the verge of a shift in the pre-
vailing paradigm from sustainable urban development to smart urban
development (de Jong et al., 2015). European policy-makers are en-
gaged in an on-going search for an optimal strategy to address eco-
nomic, social and ecological crises, which include stagnation and
growing inequality following the 2007-08 crash, and rapidly accel-
erating climate change and environmental instability. Against this
backdrop, the discourse of smartness has emerged, which positions
digital technologies and the growth of the digital economy as a means
to resolve these crises (Haarstad, 2016b). In particular, European
Commission (EC) policymakers envision that smartness will drive urban
transformation, with smart cities becoming the engines of sustainable
development (European Commission, 2012, 2013; Russo, Rindone, &

Panuccio, 2016). In an effort to turn these transformative visions into
reality, the EC has invested €210 million in so-called ‘Lighthouse’ in-
itiatives (European Union Open Data Portal, 2017) which seek to de-
monstrate, at scale, the benefits of digitally driven smart-sustainable
urban development (European Commission, 2014; European
Innovation Partnership on Smart Cities & Communities, 2015). Within
these visions and demonstration initiatives, the long established sus-
tainable urban development paradigm is being augmented and ex-
tended by notions and technologies of smartness, which are strongly
influenced by digital economy corporations and their commercial
agendas (Viitanen & Kingston, 2014).

A growing academic literature critiques the emergence of smart-
sustainable urban development as a digital technocentric approach to
creating sustainable cities, and questions and rebuts the transformative
claims of the associated rhetoric. The core argument is that this rhetoric
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is a form of ‘greenwashing’ which obscures the outsourcing of local
governance and infrastructure to global digital technology corporations
(Glasmeier & Christopherson, 2015; Hollands, 2014; Viitanen &
Kingston, 2014). The theoretical and empirical underpinnings of this
critique remain underdeveloped to date and tend to rely on high-level
analysis of the smart city rhetoric of digital economy corporations and
policymakers (2014, Hollands, 2008). As a result there have been nu-
merous calls for empirical research focussing on actual smart-sustain-
able city developments (Shelton, Zook, & &Wiig, 2015) to assess the
validity of critiques of smartness in a range of economic, social and
spatial contexts (Gabrys, 2014; Hollands, 2014; Kitchin, 2014; Viitanen
& Kingston, 2014). Ideally, the development of this body of critically-
orientated empirical analyses should be underpinned by rigorously
constructed conceptual frameworks and pay analytic attention to the
potential disconnects between transformative claims that circulate in
the industry-policy discourses and the sustainability impacts made in
practice. To date, there has been little research to develop such fra-
meworks.

There are multiple opportunities to extend and reshape well-estab-
lished conceptual frameworks of sustainable urban development to
reflect emerging digital era. In this article, we build upon one such
concept, the ‘urban sustainability fix’, which was first proposed in a
widely cited article3 by While, Jonas and Gibbs (2004). This concept
has subsequently been applied to empirical studies of sustainable urban
development in North America (e.g., Long, 2016; Temenos & McCann,
2012; Walker, 2015) and Europe (Hof & Blázquez-Salom, 2015). The
urban sustainability fix conceptualises sustainable urban development
as the selective integration of environmental goals into entrepreneurial
forms of urban governance (While, Jonas, & Gibbs, 2004). For example,
one form of this fix positions deindustrialisation as means of making a
city ‘cleaner’ to enhance the image of the city as an attractive desti-
nation for capital, businesses and workers (Temenos & McCann, 2012).
In this article, we integrate insights from the smart cities literature with
the concept of the urban sustainability fix to draw attention to the se-
lective integration of environmental as well as digital goals into urban
governance.

We situate the concept of the urban smart-sustainability fix in the
next section, before developing a deeper understanding through an
analysis of the EC-funded, large-scale ‘Lighthouse’ initiatives. First, we
describe the policy context of the Lighthouse initiatives and char-
acterise the elements of the urban smart-sustainability fix. Then we
present and discuss the findings from one of the first round of
Lighthouse initiatives, ‘Triangulum’ that involves a €25 million in-
vestment from 2015 to 2020 in Eindhoven (The Netherlands),
Manchester (UK) and Stavanger (Norway). We identify and reflect upon
the forms of urban smart-sustainability fix that are being constructed in
each city. This contributes to the nascent empirical literatures that are
critically assessing the ‘actually existing smart city’. We conclude by
reflecting on the value of the urban smart-sustainability fix as an ana-
lytic framework and consider the implications of the concept for wider
research.

2. State of the art

2.1. The urban sustainability fix

While et al. (2004) first developed the concept of the urban sus-
tainability fix as a framework to analyse tensions, contradictions and
conflicts within the environment-economy relationship at the urban
scale (Harvey, 2011). The most prominent of these contradictions is the
impossibility of protecting the environment from the impacts of a
perpetually growing economy. Subsequently, Hodson and Marvin

(2007) and Walker (2015) highlighted that the urban sustainability fix
can also address tensions within the neoliberal economic paradigm it-
self, including for example growing inequality. Hence, the urban sus-
tainability fix is understood as a subtype of Harvey's (1982) spatial fix
(Walker, 2015; While et al., 2004), which encompasses all place-spe-
cific efforts to develop ‘solutions’ to the contradictions and crises of
capitalism.

While et al. (2004: 551) argue that the primary purpose of the urban
sustainability fix is to draw “attention to the selective incorporation of
ecological [i.e. environmental] goals in the greening of urban govern-
ance”. They position entrepreneurialism as the prevailing logic of urban
governance which is in need of greening. This entrepreneurial logic
posits that a vibrant and dynamic private sector is the central actor of
urban governance to enhance a city’s competitiveness within a globa-
lised economic system and to enable economic growth. This in turn
provides quality of life benefits to the population as a whole (Harvey,
1989). Public institutions are tasked with enabling the private sector
while addressing the social and environmental impacts of continuous
economic growth.

The urban sustainability fix is driven by three primary pressures: (1)
prevailing trends in national and transnational policy development,
including the devolution of economic development policy to municipal
governments (Hodson & Marvin, 2007) and the neoliberal restructuring
of the state (While et al., 2004); (2) intensifying inter-urban competi-
tion (Harvey, 1989; While et al., 2004); and (3) public pressure from
social movements and local actors agitating for increased protection of
the environment (While et al., 2004). The urban sustainability fix is
adapted to a specific locality and is shaped by local discursive and
material contexts (Walker, 2015). In effect, it must be accepted and
legitimised by local populations (Long, 2016; While et al., 2004). Fur-
thermore, the ‘importation’ of ideas, best practices, and policy models is
… [an alternative] way in which local sustainability fixes are con-
structed and legitimated” (Temenos & McCann, 2012). Hence, there is
an inherent tension between developing a fix for a specific locality and
importing a ‘proven’ fix from elsewhere.

Delineating between the discursive, spatial and material dimensions
of the urban sustainability fix offers a means to assess and compare the
extent to which environmental goals are integrated into the governance
of districts and cities (Hodson & Marvin, 2007). Research to date has
focused primarily on the discursive dimension (Holgersen & Malm,
2015; Long, 2016; Temenos & McCann, 2012; Walker, 2015). For ex-
ample, Temenos and McCann (2012) argue that the fix is “a political
discourse which allows development to proceed by accommodating
both profit-making and environmental concerns”. This creates a sus-
tainable image for a city (Holgersen & Malm, 2015; Temenos &
McCann, 2012) as an invitation to capital. A more comprehensive fix
adds spatial and material dimensions to the rhetorical dimension
through the physical transformation of specific urban areas (While
et al., 2004). Hence, the urban sustainability fix can be interpreted as an
approach to locally managed rather than resolve the structural con-
tradictions between economic growth and environmental protection in
the neoliberal economic paradigm (Long, 2016).

2.2. From the urban sustainability fix to the urban smart-sustainability fix

Building upon the concepts summarised above, we develop the
concept of the ‘urban smart-sustainability fix’ (see Fig. 1). This fix
manages the contradictions and tensions within the neoliberal eco-
nomic paradigm at an urban scale and is characterised by the selective
integration of both environmental and digital goals into entrepreneurial
forms of urban governance. From this starting point, we draw upon the
smart city literature to elaborate on the specific characteristics of the
urban smart-sustainability fix. First, we consider the pressures which
create the need for, and shape the construction of, the urban smart-
sustainability fix. In addition to the three pressures exerted on the
urban sustainability fix discussed above, we identify a fourth – industry

3 As of 17th January 2017 the Scopus abstract and citation database of peer
reviewed literature had recorded 160 citations to the article.
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pressure – that is exerted by actors within the digital economy. In par-
ticular, global technology companies, such as IBM, Cisco and Google,
are seeking to develop smart city market opportunities and in doing so,
they advocate for smart policy development and implementation
(Viitanen & Kingston, 2014). This adds a global economic pressure that
dovetails neatly with interurban competition. Exactly how strategic
technology trends - tied up in so called “Intelligent Digital Mesh”
(Gartner Inc, 2017) - will impact organizations over the next few years
is yet to be seen, but the promise of innovations like artificial in-
telligence and machine learning to connect people, businesses, devices,
content and services represent a powerful challenge to which cities,
communities and places are exhorted to respond.

The growing critical literature on the rhetoric of smart cities high-
lights an assumption that urban governance is, and should be, explicitly
entrepreneurial (Hollands, 2008, 2014; Söderström, Paasche, &
Klauser, 2014; Viitanen & Kingston, 2014). A strong commitment to
boosting and bolstering entrepreneurial forms of urban governance
though the deployment of digital technologies has been evident since
the emergence of the smart city concept in the mid-1990s (Söderström
et al., 2014). Since the mid-2000s, this has been driven by global
technology companies, notably IBM, and their promotion of the smart
city concept (Söderström et al., 2014). Framings of the smart city tend
to emphasise the transformative role of digital technologies to promote
economic growth and realise social benefits (de Jong, Joss, Schraven,
Zhan, & &Weijnen, 2015; Viitanen & Kingston, 2014). Economic growth
is realised through digital innovation and the embrace of an en-
trepreneurial approach to compete in the global marketplace
(Glasmeier & Christopherson, 2015; Hollands, 2008, 2014). This vision
of the smart city has been critiqued as a digitally repackaged version of
Harvey (1989) entrepreneurial city (Hollands, 2008) that is ill-suited to
address the challenges of social equity and justice (Glasmeier &
Christopherson, 2015). Instead, smart city investment is primarily or-
ientated towards the business and the professional classes at the ex-
pense of marginalised and precarious urban communities (Hollands,
2008).

Smart city rhetoric selectively integrates the agendas of digital
technology advocates into the entrepreneurial forms of urban govern-
ance discussed above. Drawing on the smart city literature, we high-
light three prominent digitalisation agendas to transform cities.

1 The Internet of Things is a longstanding agenda dating back to the
1990s and advocates for the embedding of digital technologies in
physical urban infrastructure to boost efficiency, and to control and
optimise activity within the city (Gabrys, 2014; Gaffney &
Robertson, 2016; Luque-Ayala & Marvin, 2013). This agenda can be

understood, in terms of current terminology, as the urban scale
rollout of the Internet of Things4 (IoT); or, in out-dated terminology,
as the development of wired, digital, intelligent and information
cities (de Jong et al., 2015).

2 Big Data is an agenda that responds to the huge growth in the scale
of data being created by digital technologies (including IoT) and
calls for advanced computational techniques to create value from
the datasets produced in the smart city (Batty, 2013). In particular,
big data advocates highlight the potential of data analytics to solve a
wide range of urban problems which currently appear intractable
(Hollands, 2008).

3 Digitally-enabled citizen participation is an agenda that focuses on the
opportunities for digital technologies to promote citizen participa-
tion in democratic decision-making and in urban governance and
development more generally Osella et al., 2016; Stratigeaal et al.,
2015; Voorberg et al., 2015). A frequently cited example is the
Better Reykjavik platform which provides citizens with the oppor-
tunity to propose and vote upon ideas that then received public
funds from the municipality.

It is important to note that each of these agendas is founded on
market-based technological innovation and suggests that smart urban
development is a strategy to privatise collective public services in order
to make them more efficient and responsive (Gabrys, 2014; Hollands,
2014; Viitanen & Kingston, 2014; Wiig, 2016). Environmental goals are
also selectively integrated into the smart city rhetoric. Drawing on the
smart city literature, we identify two prominent and interrelated en-
vironmental goals: (1) growing a green urban economy (Haarstad,
2016b); and, (2) reducing urban carbon emissions to mitigate the risks
of climate change (Yigitcanlar & Lee, 2014). Advocates claim that these
goals can be realised through the pervasive deployment of digital
technologies to realise the more efficient use of natural resources in-
cluding energy, water and food (de Jong et al., 2015: 10). These effi-
ciency gains are expected to be achieved in two ways. First, digital
technologies, and the data they generate, optimise collective urban
services, resulting in the more efficient use of natural resources (Wiig &
Wyly, 2016; Yigitcanlar & Lee, 2014). Secondly, data generated by di-
gital technologies, such as smart meters, drives behavioural change as
residents make data-informed, rational decisions that reduce resource
consumption. Meanwhile, the smart city rhetoric fails to address the

Fig. 1. An illustration of the various components of the urban smart-sustainability fix.

4 In general terms the IoT agenda calls for the embedding of digital tech-
nologies in physical artefacts (from refrigerators to energy infrastructure and
automobiles) to collect data and to connect these digitally augmented artefacts
to networks to enable communication and integration.

C. Martin et al. Sustainable Cities and Society 45 (2019) 640–648

642



more politically challenging aspects of the sustainability agenda such as
promoting social equity and reducing absolute levels of material con-
sumption (Meijer & Bolivar, 2015).

The term smart-sustainable cities recently entered the academic
discourse as an attempt to connect sustainable and smart city concepts
(Al-Nasrawi, Adams, & El-Zaart, 2015; Höjer & Wangel, 2015; Ibrahim,
Adams, & El-Zaart, 2015), but empirical work in this area is nascent
(Bhagya, Silva, Khan, & Kijun, 2018; Höjer & Wangel, 2015). Literature
suggests that urban governments struggle to achieve sustainability
goals associated with ICT-facilitated collaboration with citizens
(Alvarez-Crespo, 2014; Royo & Acerete, 2014; Royo, Yetano, & Acerete,
2014; Santos & Tonelli, 2014), while policies and strategies for sus-
tainable urban development, co-creation with citizens and ICT-use are
still missing (Paskaleva, 2014; Roman & Miller, 2013; Janowski, 2015;
Stratigea, Papadopoulou, & Panagiotopoulou, 2015; Paskaleva &
Cooper, 2018; Paskaleva & Cooper, 2017). Sustainability policies are
critiqued as ‘greenwashing’ that lacks concrete commitments and falls
short of a long-term developmental vision for balancing economic,
socio-cultural and ecological interests (Gabrys, 2012; Wolfram, 2012;
Lee at al., 2014; Royo et al., 2014; Loorbach, Julia, Wittmayer, Junichi,
& Mizuguchi, 2016). Where ICT applications are deployed by local
authorities they tend to enable ‘politics as usual’ rather than trans-
forming conventional citizen-government relationship and policy-
making (Charalabidis, Sotiris, Fenareti, & Gianluca, 2012; Roman &
Miller, 2013; Janowski, 2015). Finally, a rather narrow mind-set
characterizes the employment of digital technologies in that they are
primarily applied for administrative efficiency and public service
transactions instead of, for instance, supporting dialogue (Cruickshank,
Bruce, & Colin, 2014; Roman & Miller, 2013; Lee et al., 2014; Yetano &
Royo, 2015).

The urban smart-sustainability fix presents a conceptual framework
to understand these emerging critiques as part of a digitally-driven
mode of urban development that represents a new form of ecological
modernisation (March, 2016). Both the urban smart-sustainability fix
and ecological modernisation share a focus on greening capitalism to
deliver positive environmental and social outcomes through market-
driven technological innovation. Having established this conceptual
framework, we now develop the key characteristics of the urban smart-
sustainability fix through an examination of the EC’s flagship Light-
house initiatives.

2.3. The European Commission’s ‘Lighthouse’ Projects: urban smart-
sustainability in action

In its broadest sense, smartness is framed by EC policy-makers as a
key approach to drive the recovery from the financial crisis of 2007-08
and deliver on interconnected economic, social and environmental

objectives (Haarstad, 2016b). Since 2012, the EC has also positioned
the smart city as a vehicle for delivering urban sustainability (European
Commission, 2012, 2013). The primary policy instrument to promote
the creation of smart-sustainable cities is the European Innovation
Partnership (EIP) on Smart Cities and Communities (European
Commission, 2012; Russo et al., 2016). The stated aim of this part-
nership – between the EC and representatives from industry, academia,
municipal and national governments and NGOs – is “to overcome
bottlenecks impeding the changeover to smart cities, to co-fund de-
monstration projects and to help coordinate existing city initiatives and
projects” (European Innovation Partnership on Smart Cities &
Communities, 2014). The partnership embraces a technocentric per-
spective of market-based digital solutions to solve a wide range of urban
problems (Haarstad, 2016b), and is open to the previously discussed
critiques of the smart urban development.

Since 2014, a key strand of the EIP on Smart Cities and
Communities’ activity has focused on establishing smart city
‘Lighthouse’ initiatives. These large scale and so-called ‘first of the kind’
demonstration programmes aim to deploy and integrate established,
and/or close to market, smart technologies to promote sustainable
urban development (European Commission, 2014; European
Innovation Partnership on Smart Cities & Communities, 2015). To date,
nine Lighthouse initiatives have received a total of €210 million
funding, including €25 million for the Triangulum initiative (European
Union Open Data Portal, 2017). Through an analysis of the proposal
documentation of each Lighthouse initiative, we identified the digital
agendas and sustainability goals that inform the urban smart-sustain-
ability fix (see Table 1).

Across the nine Lighthouse initiatives, there is a clear and sustained
promotion of entrepreneurial urban governance through the deploy-
ment and integration of commercially-viable, technological innovations
to address environmental challenges. Furthermore, successful demon-
stration is expected to enable the ‘replication’ of these technological
innovations across European cities and beyond, creating new market
opportunities and boosting economic growth. This fulfils the key re-
quirements and eligibility criteria set out by the EC in the calls for
proposal for Lighthouse initiatives. In addition, we identified two dis-
cursive commonalities. The first emphasises the integration of the IoT
agenda (including smart grid and intelligent mobility infrastructure)
with environmental goals of greening and decarbonising urban econo-
mies. The second emphasises the integration of digital citizen partici-
pation agenda (including the development of ICT tools for promoting
citizen engagement in urban development) with the environmental
goals of greening and decarbonising urban economies. Notably absent
from the Lighthouse initiatives are aspects of the big data agenda. This
is not surprising because the much hyped, readily available forms ‘big
data’ do not yet exist within cities. The goal of social equity is a second
agenda that is absent from the Lighthouse initiatives.

In the following sections, we focus on a specific Lighthouse in-
itiative, Triangulum, to identify further evidence of the urban smart-
sustinability fix is being realised in specific contexts. The Triangulum
tagline – ‘Demonstrate, Disseminate, Replicate’ – offers further insight
into the nature of the initiative. Triangulum seeks to demonstrate the
benefits of integrating smart technologies across urban energy, mobility
and ICT infrastructures in three ‘Lighthouse cities’ (Eindhoven,
Manchester and Stavanger) each of which is seeking to position itself as
a leader in smart-sustainable urban development. The programme will
then disseminate the findings of the demonstration activities and re-
plicate successful demonstration activities in three ‘follower cities’
(Prague, Sabadell and Leipzig) as well as elsewhere through a stan-
dardised approach of smart urban development. Through the three-
stage process, the Triangulum consortium members are expected to
deliver “a significant reduction of energy demand and local GHG
emissions whilst at the same time enhancing quality of life, delivering
efficient and clean mobility to residents and local workers and pro-
viding the basis for economic growth and development” (Evans et al.,

Table 1
Digital agendas and sustainability goals of EC Lighthouse initiatives.

Lighthouse
initiative

Digital
agendas

Sustainability goals

IoT Big
data

Digital
citizen
participation

Greening
the urban
economy

Reducing
GHG
emissions

Promoting
social
equity

Remourban □ □ □
GrowSmarter □ □ □
Triangulum □ □ □
Sharing Cities □ □
Smarter

Together
□ □ □ □

SmartEnCity □ □ □
Replicate □ □
Ruggedised □ □ □
mySmartlife □ □ □
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2016: 10). The consortium consists of municipal governments, regional
development agencies, built environment consultancies, construction
companies and digital economy enterprises. As one of the first round of
Lighthouse initiatives which started in early 2015, Triangulum re-
presents the most advanced form of this type of urban development that
is available for study.

3. Methodology

In this section, we briefly outline the research strategy and methods
employed in our case study and in the next section we discuss the three
dimensions of the urban smart-sustainability fix which are being con-
structed through the collective activities in Eindhoven, Manchester and
Stavanger.

The case study was developed by an interdisciplinary research team
working in close collaboration with the practitioners and policy-makers
who are delivering the Triangulum initiative. This approach was in-
spired by Glasmeier and Christopherson (2015) who argued that “we
[as researchers] have to be willing and able to get in, roll up our sleeves
and discover how new [digital] applications and technologies can be
used to genuinely improve the quality [and sustainability] of urban
life”. This suggests that academics have an ethical responsibility to steer
smart urban development towards more sustainable outcomes by en-
gaging in participatory or action-orientated forms of research. The re-
search team comprised academics based in Manchester, Eindhoven and
Stavanger to enable close working with partners in each of the Light-
house cities and overcome any language barriers. The team shared
complementary disciplinary expertise (governance, building science,
and ICT respectively) to understand the details in each of the demon-
stration projects across the three cities. The data collection and analysis
was led by the University of Manchester team. The embedding of the
research team within the Triangulum consortium provided multiple
opportunities to explore the emergence of the urban smart-sustain-
ability fix in each city and across the initiative more generally.

We gathered and analysed data between January 2015 and January
2016 during the first year of Triangulum’s demonstration activities.
This process focused on two aspects of the urban smart-sustainability
fix: (1) the established forms of urban governance in each city; and (2)
how digital and environmental agendas are being selectively in-
tegrated. Our analysis of the former was based on relevant academic
literatures, Triangulum and city level documentation and discussions
with Triangulum consortium members. Our analysis of the latter was
based on detailed descriptions of each of the 30 individual demon-
stration projects which comprise the Triangulum initiative, each of
which is intended to use ICT to realise urban sustainability goals. We
coproduced these descriptions in partnership with the public and pri-
vate sector actors delivering the demonstration projects. Meetings and
workshops (46 in total) were then held with each of the project delivery
teams to gather details. Based on the findings and internal Triangulum
documentation, we developed draft descriptions of each of the 30
projects including: project objectives; technologies and business models
being implemented; users and stakeholders; and, expected measurable
impacts. The draft project descriptions were iteratively refined in col-
laboration with the project delivery teams. To enable participation of
consortium members with varying degrees of availability and engage-
ment in the research process the implementation of this iterative pro-
cess varied from project to project. Project delivery teams were engaged
through further meetings focussed on refining the project descriptions,
and they were asked to comment upon and edit the descriptions di-
rectly, as appropriate. Integrating our analyses of these two aspects of
the urban smart-sustainability fix, three dimensions emerged from our
exploratory research: (1) a spatial dimension involving the develop-
ment of smart-sustainable districts; (2) a digital dimensions involving
the digitalisation of urban infrastructure networks; and (3) a colla-
borative dimension involving the design and execution of collaborative
experiments with low-carbon technologies. These dimensions areTa
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presented and developed in the following section.

4. Results and discussion

4.1. The spatial dimension

Triangulum’s activities are primarily framed by consortium mem-
bers as the development of smart-sustainable urban districts – two in
each of Eindhoven and Stavanger, and one in Manchester. These smart-
sustainable districts can be understood as spatial as well as discursive
constructs because they are actual places and entail normative visions
of what these places should become. The process of realising these vi-
sions is based on the idea that they can be created by digitalising es-
tablished and defined districts or newly defined districts through col-
laboration with private industry.

The Triangulum districts illustrate how environmental and digital
goals are being integrated through well-established governance struc-
tures. The districts vary in their characteristics and the key objectives
pursued by those who govern them (see Table 2). Residential (Hillevåg,
Stavanger and Eckart-Vaartbroek, Eindhoven), urban (The Corridor,
Manchester and City Centre, Stavanger) and formerly industrial (Strijp-
S, Eindhoven) districts were targeted for Triangulum projects. Some
districts have been established for almost a decade (The Corridor,
Manchester) while others were newly created to provide a vehicle for
the Triangulum interventions (the two Stavanger districts). In all of
these districts, the forms of urban governance supported by Triangulum
are entrepreneurial and aim to realise economic growth by achieving
competitiveness goals. The competitiveness goals are particularly pro-
minent in the Corridor district (to become a world class innovation
district) and the Strijp-S district (to develop an international reputation
as a place to live and for new economy start-ups to grow). Moreover,
Triangulum activities focus on addressing a specific and longstanding
environmental challenge, carbon emissions reduction. Carbon reduc-
tion goals are being pursued in all five districts while the social di-
mensions of sustainability are only being addressed in one (Eckart-
Vaartbroek, Eindhoven where smart technologies are being deployed to
enhance the quality of life of socio-economically disadvantaged com-
munities).

Previous research identified the urban sustainability fix as con-
structed at city (While et al., 2004) and regional scales (Macdonald &
Keil, 2012). Triangulum introduces a new scale, the district, which
reflects more modest and less ambitious goals of urban transformation.
The advantage of the district scale lies in its ability to make smart-
sustainable urban development more manageable by setting out clear
limits to where it is to take place and who is responsible for doing it
(Evans & Karvonen, 2014). The spatial tendency to delimit specific
areas for intervention is reminiscent of the area-based approaches
which dominated urban regeneration and redevelopment practices in
the 1990s and 2000s (Graham & Marvin, 2001; Smith, 1999). Such
approaches also focused on addressing structural economic and social
problems through interventions in specific geographic areas. The dis-
trict scale allows municipal governments to continue with familiar area-
based approaches to urban development while discursively mobilising
smart characteristics of novelty and innovation (Voytenko, McCormick,
Evans, & Schliwa, 2015).

4.2. The digital dimension

Within the districts identified above, urban infrastructure is being
digitised to reveal environmental processes and problems. Within this
fix we observe the selective integration of the IoT agenda, and to a
lesser extent the Open Data5 and Big Data agendas, into established

processes of urban governance. Across Eindhoven, Manchester and
Stavanger, a common approach is being adopted whereby sensors and
digital technologies are embedded across the districts to create digital
networks that can join up existing infrastructure services. The data
created, communicated and stored within these networks is expected to
reveal hidden processes, which in turn will enhance the efficiency of
decision-making within and beyond the each smart-sustainable district.

Sensors are being added to the transportation and energy infra-
structures of Triangulum’s smart-sustainable districts. For example,
sensors are being embedded within electric vans and cargo bikes
(Manchester), electric buses (Stavanger) and parking spaces
(Eindhoven) as well as the energy systems of public buildings
(Stavanger), university buildings (Manchester) and houses (Eindhoven
and Stavanger). The most extensive deployment of sensors is taking
place in Eindhoven (Strijp-S) where audio and video sensors are being
deployed to monitor pedestrian movement and presence in public
spaces. Four stakeholder groups are expected to utilise this sensor-
generated data (Fig. 2).

• Infrastructure operators can feed the data into algorithms to optimise
infrastructure operation without human intervention. For example,
an algorithm will use pedestrian movement data to automatically
optimise the lighting of public space in Eindhoven to reduce energy
demand and enhance the safety of pedestrians at night. Real-time
energy consumption data from across multiple university buildings
in Manchester will enable a central energy controller to auto-
matically optimise energy generation, storage and consumption and,
hence, reduce energy bills and carbon emissions.

• Infrastructure users can inform their decisions and behaviours about
resource consumption with the collected data. In Stavanger and
Eindhoven, energy consumption data will be presented to occupants
of residential, office and public buildings via a digital interface to
raise occupant awareness of energy consumption and to encourage
more sustainable behaviours.

• Infrastructure owners will use the data to inform their long-term
planning and investment in service networks. This expectation is
particular prominent within the transportation projects where the
data generated by a small number of low-carbon vehicles – electric
buses (Stavanger), electric vans and cargo bikes (Manchester) – will
inform investment decisions relating to the large-scale rollout of
these vehicles.

• Economic actors will use the collected data to create social, en-
vironmental and economic value. In all three cities, data platforms
are being developed or extended to allow for open access to a subset
of the sensor generated data (integration of the open data agenda).
The platform developers envision that this open data will become a
new resource for businesses and residents, creating new commercial
opportunities and promoting public engagement with the smart
urban infrastructure. Hackathon events, innovation challenges and
data visualisation and analysis tools are being developed in each city
to reduce the barriers to user engagement with open datasets.
However, the concept of big data is not frequently mentioned in the
Triangulum projects and it remains to be seen if the datasets can be
considered ‘big’ in terms of scale.

The digitalisation of urban infrastructure can be understood as an
attempt to make urban development and the urban realm itself more
manageable by revealing hidden processes and by making informed,
more efficient and more sustainable decisions. The central role played
by sensor-generated data and data-driven decision-making aligns with
the historical, techno-rational mode of urban planning that views cities

5 The open data agenda advocates the creation of “data that can be freely
used, shared and built-on by anyone, anywhere, for any purpose” (The Open

(footnote continued)
Knowledge Foundation, 2013) to drive innovation and yield major social and
economic benefits.
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as machines that can be controlled and optimised (Boyer, 1986). Tri-
angulum’s data-centric approach also resonates with visions of tech-
nological utopias, which are prominent in smart city discourses
(Bunnell, 2015) and raises the possibility of a city that can be governed
by computers (Gabrys, 2014). Here, smart cities are shaped by decisions
based on live data feeds and algorithms that enable the calculation of
various trade-offs, between for example, traffic congestion and air
quality. It is on this basis that the potential political and democratic
deficits of actual and envisioned smart-sustainable cities have been
extensively critiqued (Hollands, 2014; Viitanen & Kingston, 2014).

The use of digital technologies to overcome democratic deficits and
boost participation in urban governance (integration of the digitally en-
abled citizen participation agenda) is identified as a key characteristic of
smart cities within the literature, and hence features in our conceptual
model of the smart-sustainability fix. However, the digitally enabled
citizen participation agenda is largely absent in the Triangulum projects
and instead, the Open Data agenda is emphasised. Participation in
urban governance involves a diverse range of actors, including citizens,
who utilise open data. Optimistically, there is the potential for open
data to promote new forms of environmental awareness. However,
accessing, analysing and interpreting open data requires levels of in-
terest and technological skills which are not widely or evenly dis-
tributed amongst the populations of districts and cities (Martin, 2014).

4.3. The collaborative dimension

Triangulum’s demonstration projects also include a range of colla-
borative experiments with low-carbon and digital technologies. This
involves the selective integration of an environmental goal, dec-
arbonisation, into established processes of urban governance. Growing
a green urban economy, as posited in our conceptual model of the
urban smart-sustainability fix, is the central objective of the overall
Triangulum initiative. However, few of the 30 Triangulum projects are
expected to have measurable impacts on economic activity.

Triangulum is underpinned by a quadruple helix approach to col-
laboration based on partnerships between public sector, private sector,
universities and citizens. The collaborations that have been developed
involve private sector companies who deploy smart technologies in
collaboration with a diverse range of local infrastructure owners in-
cluding housing associations, municipal governments, universities, and
private homeowners. The extent to which citizens are actually engaged
in Triangulum varies from district to district and from project to pro-
ject.

• In the Corridor district (Manchester), the focus of low-carbon
technology deployment on the university campuses has limited the
possibilities for residents of the wider city to shape modules and
derive benefits from them.

• In the Eckart-Vaartbroek district (Eindhoven), low-carbon

technologies are being deployed in the renovation of social housing,
offering opportunities for members of low- and middle-income
households to acts as co-producers of renovation process and to
directly benefit from Triangulum’s investment.

• Stavanger’s low-carbon technologies are being deployed to provide
public transport services and reduce energy consumption in selected
domestic households, again offering some citizens the opportunity
to directly benefit from Triangulum’s investment.

Residents in the Triangulum districts are characterised as ‘users’ of
smart-sustainable infrastructure, despite the parent funding call bearing
the title smart cities and communities. There is no evidence of citizen-
led activities or direct citizen engagement in formulating Triangulum’s
strategy and overarching objectives, suggesting communities should be
interpreted more broadly to include a range of urban stakeholders.

The quadruple helix collaborations focus on conducting experi-
ments with low-carbon and digital technologies. An experimental out-
look is readily apparent in Triangulum’s activities, many of which are
framed as trials of low-carbon and digital technologies in new urban
contexts with associated uncertainty around the scale of carbon emis-
sion reduction and other sustainability impacts. There is also a strong
focus on data collection across the districts, linked to the digitalisation
activities described above to assess and monitor the impacts of
Triangulum’s activities. Through a labour intensive impact assessment,
the consortium will determine if the 30 Triangulum projects are suc-
cessful and if so, how they can be replicated elsewhere. Two forms of
technology are being trialled. First, digital technologies being deployed
to promote efficiency of energy consumption through data-driven in-
frastructure optimisation and pro-environmental behaviour change (as
discussed above) can reduce carbon emissions. Secondly, a range of
low-carbon technologies on both the supply and demand sides of the
energy system including: low-carbon energy generation assets (solar
PV, ground source heat pumps, biomass CHP); energy storage assets;
and low-emission vehicles (electric cargo bikes, small electric delivery
vehicles and electric buses).

The collaborative agenda feeds into the spatial and digital dimen-
sions outlined above to make urban development and infrastructure
more manageable through clearly proscribed governance structures.
There is a tension between this focus on manageability and the ex-
perimental orientation of Triangulum’s approach to smart-sustainable
urban development. The districts, digital technologies, and collabora-
tion activities promise to tame previously unmanageable aspects of the
urban realm while the sustainability impacts are uncertain.
Furthermore, smart-sustainable initiatives that overemphasise man-
ageability through collaboration risk goal displacement. Where the
collaborative deployment of technologies through public-private part-
nerships can be heralded as a success, the failure to achieve sustain-
ability goals is obscured from view. Such a phenomenon was recently
observed in smart city developments in Detroit, USA (Wiig, 2016).6

Fig. 2. Data flows and interactions for energy and mobility infrastructure.
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The nature of the collaborations also raised questions around the
extent to which Triangulum’s urban smart-sustainability fix is legit-
imised by local populations (While et al., 2004). We noted above that
citizens in general appear to be engaged only at the margins of Trian-
gulum’s smart-sustainable urban developments. Hence, the collabora-
tive legitimacy of Triangulum’s fix relies upon the broad democratic
mandates of the municipal governments that coordinate Triangulum
activities in Eindhoven, Manchester and Stavanger. There is no pressure
from civil society for a smart-sustainable fix in any of the cities, sug-
gesting that engaging citizens in smart-sustainable urban development
might prove more challenging than engaging them in less technocentric
forms of sustainable urban development (e.g. the development of urban
green spaces).

5. Conclusions

Smart-sustainable city initiatives are emerging rapidly across
Europe, and the rest of the world. The key question facing such in-
itiatives is whether they represent a transformative approach to urban
development or simply continue business as usual. This paper has
provided an answer by examining the literatures surrounding smart
cities and sustainable cities, emerging work examining the intersection
of the two, and a detailed case study of one of the better funded and
longer running initiatives to realise smart sustainability in practice. We
have developed a conceptual model of the urban smart-sustainability
fix, which argues that cities are selectively integrating the goals of di-
gitalisation and environmental protection through established, en-
trepreneurial forms of urban governance. The three primary dimensions
of this fix are: (1) a strong spatial dimension in the form of the devel-
opment of smart-sustainable districts; (2) a digital dimension in the
form of efforts to digitise urban infrastructure to reveal hidden en-
vironmental processes; and (3) a collaborative dimension in the form of
cross-sector collaborations conducting experiments with low-carbon
and digital technologies. We argue that this has produced urban dis-
tricts that are attempting to reduce their carbon emissions while pro-
moting green economic growth. The relatively modest ambitions of
initiatives on the ground thus diverge from industry-policy discourses
which champion the transformative power of smart technologies to
create sustainable cities.

That said, the urban smart-sustainability fix does not signal a shift
away from sustainability as the primary driver for urban development.
Instead, ‘smartness’ complements and reinforces particular aspects of
sustainable urban development, specifically the dominant focus on
ecological modernisation and the harmonisation of economic develop-
ment and environmental protection. In effect, the urban smart-sus-
tainability fix doubles down on the promise of ecological modernisation
and uses digital technologies to realise more efficient collective and
infrastructure services, influence user behaviour, and produce lower
resource consumption and carbon emissions. This suggests the emer-
gence of a digitally-powered and urban form of ecological modernisa-
tion that risks the continued marginalisation of social sustainability
issues such as promoting equality, citizen participation, health and
wellbeing, and social justice. This analysis suggests that research is
required in order to identify and assess the social benefits of smart-
sustainable urban development in order to provide an evidence base for
alternative approaches.

A related implication of the smart-sustainability fix involves its
spatialisation into designated districts of the city. On the one hand this
makes the challenge of developing and demonstrating smart urban
solutions manageable, but on the other it limits benefits to specific
populations and breaks the city up into different districts with frag-
mented infrastructure and governance (Cugurullo, 2018). The ways in

which specific demonstration projects can be scaled up across whole
cities and beyond, either through policy adoption or organisational
uptake, represents a second major research area highlighted by the
smart-sustainability fix.

Finally, it is worth reflecting on how the concept of the urban smart-
sustainability fix can further extend the more general urban sustain-
ability fix, and its applicability to all forms of sustainable urban de-
velopment where digital technologies play a central role. Importantly
the notion of smartness now extends well beyond attempts to use digital
technologies to solve urban problems. Developing the concept to in-
corporate other notions of smartness, such as those relating to educa-
tion and economic specialisation, remains an intriguing avenue for
further research. Our conceptual model also signposts a need for more
transdisciplinary research in the field. In bringing together ideas from
the largely disconnected literatures on sustainable urban development
and smart cities, the smart-sustainability fix reflects the convergence
taking place in EC policy between digital and urban development dis-
courses. The bridging of disciplinary perspectives and empirical do-
mains will become increasingly important as smartness and sustain-
ability become increasingly entwined. As urban development becomes
shaped by technologies such as blockchain, fintech, AI, and machine
learning, research teams will require greater digital fluency.
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