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Abstract: This paper proposes an integrative analytical framework to critically review the genesis of
smart city development and evaluate its sustainability outcomes from a spatial planning perspective.
It argues that historical contexts and modes of governance, together with holistic place-based knowl-
edge, provide important clues to understand the ensuing visions, goals, and objectives, as well as
processes and contents of smart city initiatives. Shenzhen (SZ), China’s first special economic zone,
and Greater Manchester (GM), the birthplace of the industrial revolution in the United Kingdom, are
used to illustrate how the conceptual framework helps reveal two very different pathways towards
smart sustainability. SZ, as a pioneering testbed of China’s reforms, is closely directed by top-down
initiatives in its smart and sustainable development efforts. GM, given its rich history of local collabo-
ration between the public, private and third sectors, adopts a bottom-up approach to achieve smart
sustainability. The case studies prove the robustness of the framework in narrating smart sustainable
development in a city-region, highlighting different trajectories and necessary areas for improvement.
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1. Introduction

This paper develops a novel framework from a spatial planning perspective to eval-
uate smart city development and its sustainability outcomes. While there are numerous
research studies on different aspects of smart city development [1–6], not many have
examined it from a spatial planning perspective [7–9]. Unlike planning blueprints put
forward by technology companies [10,11], which too often ignore the complex, political
and context- and path-dependent dynamics of cities, we advocate spatial planning for
smart sustainability, which is a socio-political process coordinating the long-term spatial
logic of land use for sustainable development [12–16]. We use spatial planning to develop
an original framework to narrate and evaluate efforts of cities in moving towards smart
sustainability. The robustness of the proposed framework is tested with two case study
conurbations: SZ, recently dubbed as China’s Silicon Valley, and GM, the pioneer of the
industrial revolution and the UK’s leading smart city-region.

This paper contributes to the current knowledge of smart and sustainable cities re-
search in different ways. It first discusses what smart sustainability is and why we need
a ‘spatial’ conceptual and epistemological approach to understand it (Section 2). The
paper then proposes an integrative analytical framework from a spatial perspective to
study smart sustainability (Section 3). The framework is applied in Section 4 in two case
study areas to analyse and evaluate smart sustainability. Based on these findings, Sec-
tion 5 discusses the usefulness of this novel framework in evaluating smart cities and their
sustainability outcomes.
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2. What Is Smart Sustainability?

According to the United Nations, more than 70% of the world’s population will
be living in cities by 2050, placing strains on housing and related needs, energy supply,
transportation infrastructure, water resources, and public spaces. The IPCC [17] (pp. 90–98)
estimates that urban areas consumed 67–76% of global energy use and about three quarters
of global energy-related CO2 emissions and without mitigation, global mean surface
temperature will increase from 3.7 ◦C to 4.8 ◦C by 2100. The climate crisis has driven many
cities to consider the development of renewable energy, alternative means of transportation,
water and waste management, as well as urban planning and green construction. Cities
have tried to develop smart solutions to reduce and recycle resources, improve efficiency
and integrate social aspects [18] (p. 3). The main idea is to deploy new information and
communication technologies to improve urban forms, deliver better socio-economic and
ecological services and boost people’s quality of life [19,20].

However, smart sustainability cannot be achieved via technology alone. Similar to any
spatial planning exercise, it has to start with collective reflections on an existing context,
identifying issues that would require technological and other solutions. Otherwise, there
would be a danger of allowing players who can master smart technologies to position
themselves as “obligatory passage points” in a created socio-technical network to determine
the future of a city [21] (p. 308). This approach to smart technologies is strongly predicated
on a neoliberal economic growth agenda by which the discourse and deployment of
smart technologies are construed in the hegemonic images of digital, entrepreneurial and
sustainable cities, in order to support “a nebulous worldview as to how cities should
function” [22,23]. Implicit in this approach also was the complacent faith that smart
technologies are inherently benign, error-free, politically natural, as opposed to people
who err and are chaotic and biased [24,25]. The underpinning flaws and dangers of the
techno-determinist/optimist and neoliberal vision of smart urbanism that is the capitalist
mode of production under the disguise of digital innovation has been the subject of an
extensive academic literature over the years (for an overview [23]). Building on a neo-
Marxist/postmodern critique of infrastructure, Viitanen and Kingston [25] argued that
smart infrastructures underpinning smart urbanism are often messy, heterogeneous, partial
and leaky. The incompleteness, incompetence or ineffectiveness of smart technologies
contributes to the convergence between what is promised of being smart and what is the
reality on the ground [26], although some authors argue that the “deferred potentiality”
of smart technologies, i.e., always being in the future, never in the present, means smart
technologies are not meant for the present [22].

The question is to think beyond cyborg urbanism [27] and focus less on the limitations
of smart technologies to tackle societal problems than the extent to which progressive and
uncritical incorporation of smart technologies into planning theory and practice lead to
depoliticisation of planning and the ill-founded assumption that more and democratised
data and better technology (advanced machine learning, faster connections (5G)) will
lead to better solutions. Perhaps we can return to the basics and ask simple questions,
such as: What should be the vision of socio-economic development? Should we aim
at sustainable development, rectifying an inequitable society rather than polarizing it,
addressing barriers to language, culture, education, disabilities and participation [28]
(p. 90)? How can technology contribute to all these?

Rather than branding a city smart and sustainable, it is important for a city to leverage
high-tech and creative industries, hard and soft infrastructure and knowledge networks
for growth, harvesting the double dividend of a green economy, that is, environmental
improvement through profit-making endeavours. It is equally important to use technology
to enhance social inclusion in public services, e-governance, open access to administrative
data, and delivering services digitally [29,30], as well as enriching the collective learning
capacities of different stakeholders [28]. All social classes should benefit from a technologi-
cal integration of their urban fabric [31], empowering them to learn, adapt and create ways
to reshape their cities towards a progressive direction [8].
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In other words, technological urbanism has to integrate with local history, geography,
culture, socio-economic and political contexts to produce diversified places where hous-
ing affordability, employment opportunities and balanced, diverse communities can be
found [32] (p. 202). Therefore, smart investment is not just on technological hardware,
but should be on both traditional and modern communication infrastructures that aim at
boosting people’s quality of life, managing wisely natural resources through participatory
governance, educating citizens to live more sustainable and smarter lives [31]. The quest
for smart sustainability is a vision of developing a spatially enabled city where spatial
data (on people, place and planet) are seen as common goods, available to civil society, the
government and the private sectors, to innovate and to invent collaboratively a sustainable
future [33]. In a nutshell, smart cities should have citizens practising a kind of read/write
urbanism [34], data savvy, and possessing the abilities to face collaboratively grand chal-
lenges with local innovative solutions that are environmentally sustainable, economically
green and socially just [35].

Yet a whole basket of factors may deter efforts towards smart sustainable development,
such as bureaucracy, political conflicts, complex legal framework, differences of opinions or
priorities among different stakeholders, weak ICT infrastructure, lack of human resources,
worries about privacy, security, etc. [36] (p. 86). Or, when efforts are made, the smart city
model may become a disciplinary tool to shape “smart citizens” [37], turning them into
“data points”: generators of data and responsive nodes in a system of feedback as docile
subjects [38] (p. 32). Or smart cities become just a high-tech variation of the “entrepreneurial
city” [4] (p. 303) and worse still, a market creation strategy for technology companies [39].
Good smart interventions to improve quality of life and wellbeing and environmental
protection and their political nature should be proactively evaluated, negotiated, and
advocated by planners, as Evans et al. [40] (p. 558) contended that “social equity and
environmental sustainability are neither a-priori absent nor de-facto present in technological
designs of smart city initiatives, but have to be made, nurtured and maintained as they
materialise in particular places”.

So how can we ascertain the evolution, negotiation and direction of smart sustainability
in a city? This is the research question that this paper is addressing.

3. Integrated Spatial Planning Framework to Evaluate Smart Sustainability

Spatial planning involves a process of understanding a place, identifying its strengths,
weaknesses, opportunities and threats so that a planning vision expressed in goals and
objectives can be set up to guide the generation of responses and options. These will then
be evaluated, with the impacts mapped before decisions are taken to allow implementa-
tions and monitoring to unfold, providing feedback to the whole process. Planning in
reality maybe messier, circular or interrupted by socio-economic and political events and
considerations. Nevertheless, the rational comprehensive planning framework provides a
handy structure to examine smart city initiatives and their sustainability outcomes.

3.1. The Importance of History and Context

The nature of urban planning is political because it involves “who gets what where
when and how”. Our decisions on the allocation of resources for certain infrastructure and
uses for specific stakeholders bear political consequences, very often sustaining or altering
power relationships [41]. These decisions are often path-dependent, shaped by socio-
economic, cultural and political factors and the competencies of actors and institutions of a
place [42,43]. Having a long durée perspective allows us to trace the evolution of historical
trajectories, (multi-scalar)-administrative rules or policy frameworks, and modes of public
funding in a place, as well as its current contexts and factors (such as demographics,
distribution and sharing of wealth and prosperity) that have driven a city towards or away
from smart sustainability [28,44].
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3.2. Urban Audit Datasets and Mode of Governance

Information becomes the new gold in smart cities. However, information, especially
place-based knowledge, has always played a key role in spatial planning. Planning always
starts with canvassing a place, organising audit datasets [31] on the various aspects of
a territory, its demography, socio-economic, environmental, transportation and cultural
aspects [45]. The pursuit of smart sustainability has to be a transdisciplinary endeavour,
involving human and social capital, and information and communication technological
infrastructure to collaboratively generate green economic growth, enhancing people’s
quality of life and well-being [46]. It is therefore extremely important to check if these
datasets are in place. Who produces them and who manages and monitors them? Are they
collected by top-down efforts or via bottom-up collective initiatives? How do the different
forms of data collected, synthesised, and communicated (or not communicated) reflect
whether the mode of governance in a place is conservative or transformative [41,47]?

3.3. Vision, Goal and Objectives

In a spatial planning process, visions, goals and objectives are developed after the
urban data sets are synthesised, interpreted and analysed. The processes involved in envi-
sioning and the setting up of goals and objectives further reveal the nature of governance
in a place and the spatial competency of its people. Are the citizens given opportunities
to learn about the multi-dimensional conditions of their living environment? Are they
spatially literate? Are they empowered to understand the implications of these conditions
on their lives and do they have the competence to envision alternative, more sustainable
futures? The complexities of power relationships among different stakeholders in a place
would produce different answers to these questions. Yet, without the involvement, trust
and reciprocity of citizens as community glue, it would be difficult to develop transforma-
tive visions and goals that would require co-learning and experimentalism [8,28]. To echo
the definition of smart sustainability above, we need to ask if the set vision and goals aimed
at creating data commons that would allow collaborative efforts to promote socio-economic
and spatial justice while maintaining the integrity of ecosystem services as expounded
in the sustainable development goals [48]. Are there concrete objectives set to achieve
these goals?

3.4. Processes and Contents

Fiscal resources are essential to implement the objectives and a dedicated authority
may be necessary to bring into fruition the transdisciplinary agenda [49]. In any case,
spatial planning, given its mandate to offer a holistic and comprehensive view of the
development of a territory, should work closely with this new authority to enhance its own
dynamism in meeting evolving challenges of a read/write urbanism. In the process of
gathering, collating, managing, governing and sharing data through various hard and soft
infrastructure, many issues typical of any spatial planning process would arise.

In a typical smart city architecture, there are four layers of hard and soft infrastructure:
data acquisition layer; data vitalisation layer; support, application and service layer; and
application layer [50]. The idea is to develop an infrastructure that integrates heterogeneous
and geographically disperse sensor networks into a common data platform where services
can be launched cost-effectively [49]. Naturally, the following questions can be asked:
What data are required, produced and collected? Are these related to environmental
quality and sustainability? What kind of infrastructure is in place to produce the various
kinds of information systems that contribute to e-services? Can these infrastructures
“communicate” with one another and are the information systems compatible? How are
these integrated? What is the governance structure, that is, who makes what decisions in
processing, sharing and consuming the data? Technology provides some of the answers,
such as the importance of developing context-aware middleware for ambient intelligence,
appropriate interfaces for users in different situations, data privacy issues, collaborative
surfing, internet of things, locally based services with multiple environmentally sensitive
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exchange configurations and contextual mobile learning, all related to software systems,
server and network infrastructure [50] (p. 169). However, just as planning cannot be
conducted by technocrats alone, developing a smart city architecture cannot be conducted
by the technology experts alone, as many important ethical issues are at stake.

As argued by Gardner and Hespanhol [51], it is important to ensure that the service
or programme designed is addressing all citizens equally at a personal level (granularity)
and that there is accountability in initiating, planning, implementing and maintaining
these services or programmes. More importantly, the processes should be transparent
(with accessible information and effective monitoring) [33] and participatory (allowing data
gathering and meaningful manipulation by citizens [38]. These are related to questions
of ownership, control and access to the smart city infrastructure and a right to spatial
autogestion that would allow the emergence of a digital commons, empowering everyone,
especially those who have been marginalised in the development process [52]. As data are
now the new gold, value capture mechanisms need to be in place to ensure that commercial
values derived would result in more equitable sharing in society. Spatial planners have been
accused, in some situations, of privileging certain interests over others. Hence, we have to
be vigilant in examining partnerships in smart city development to see if these initiatives
go beyond business partnerships that aim at nurturing a spatially enabled citizenship [46].

3.5. Monitoring: Sectoral and Spatial Outcomes and Feedback Loop

It is important to audit the results of smart city initiatives in order to check if the city
is moving towards sustainability. What kind of growth is promoted? Who has benefited
from the initiatives? Who are the “information rich and the information poor” [53]? Once a
smart city infrastructure is in place, e-services will be developed in various sectors. It is
worth auditing the smartness and sustainability of various sectors, such as examining their
contribution to the achievement of the 17 sustainable development goals [48]. For instance,
in an intelligent transport system, besides tackling congestion, scheduling, managing
parking spaces, etc., can it also help improve accessibility and environmental qualities in
marginalised communities? Are the sensors and technical devices deployed to monitor
the use of energy, carbon emissions, and help produce an equitable environment for all?
Are smart buildings built just for the elites to generate more profits for developers or
they are ubiquitous, serving to lower resource consumption and bringing communities
together? Are healthcare innovations serving just the rich and powerful or they are making
a difference in the lives of the elderly, physically or even mentally challenged? Have
educational resources been developed for the digitally rich rather than making these more
accessible, affordable and higher quality? Are surveillance systems used to control citizens
or they are for public security and risk prevention? Is the whole smart city infrastructure
benefiting everyone, encouraging innovation, entrepreneurship, and productivity, or is it
monopolised for private gains?

The spatial outcomes of smart city initiatives have to be examined too. Are citizens
spatially enabled, that is, digitally literate? Or have some actually been displaced to
make way for the technologically smart? Have people changed their life styles? What
has happened to the poor and the less advantaged? Who are the “silent, blind and even
stupid” [37], or the “spatially disenabled”? What is the extent of “digital inequality”?
Have data and information been treated as common goods? Can we see the emergence
of testbeds for local start-ups and entrepreneurs to spur smart city initiatives that are
related to, say, the 17 sustainable development goals? Or have the initiatives been replacing,
rather than generating, new jobs, surveilling rather than making places, furthering rather
than overcoming the digital divide [54]? An audit of the spatial coverage of various
services and applications and its accompanying policies and administrative measures will
allow us to make a verdict on the observed outcomes, assessing if a place had enabled
“read/write urbanism” and made transformative changes or not [7,54]. The results will
provide important evidence to decide if the original goals, objectives, and initiatives, etc.,
need to be re-considered.
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Table 1 below summarises the questions that can be asked in a typical spatial planning
process to evaluate if a territory is moving towards sustainability as it unfolds its smart
city initiatives.

Table 1. Integrated spatial planning framework for evaluating smart sustainability.

Spatial Planning Process Questions to Be Asked Rationale

History and contexts

• How strong is path dependency?
• Is the territory ready to embrace or resist changes?
• What is the mode of governance and what are the power

relationships among different stakeholders at different
scales and in different sectors?

Every context is unique and
this is also true for smart
sustainability pathways

Acquisition of place-based
knowledge

• Are there a comprehensive set of urban audit datasets?
• Who produces, collects, synthesizes, interprets, manages,

monitors and communicates these data?

Answers to these questions
reveal the mode of

governance in a place

Vision, goal and objectives

• What processes are involved in developing the vision,
goals and objectives of smart cities?

• What roles have different stakeholders played in
the processes?

• Have the vision, goal and objectives embraced smart
sustainability (such as UN’s sustainable development
goals), treating data as common

While these may just be
rhetorical, the information can

reveal the mode of
governance and power

relationships of a territory

Processes and contents

• Has there been a dedicated authority for smart city
development? How is this related to the
planning authority?

• Have fiscal resources been allocated to the smart
city initiatives?

• What are the infrastructures for data acquisition,
vitalization, support, application and services?

• How integrated are these various layers?
• Who is involved in acquiring, processing, sharing, and

consuming the data generated?
• Who are the key decision makers?
• Are these infrastructure layers transparent and

participatory in nature?
• Who is eligible to use the data?
• Are there mechanisms to realise value capture when data

are manipulated for profit?

It is important to ask ethical
questions related to the hard

and soft infrastructures as
these are just tools and the
purposes of utilising these

tools need to be clarified and
examined carefully.

Monitoring: spatial and
sectoral outcomes and
feedback loop

• Audit the adoption of smart technologies in different
economic sectors and examine if the initiatives have
moved the sector towards sustainability.

• Have there been institutional or legal changes?
• Have peoples’ lifestyles changed?
• Who are the spatially enabled and who are the spatially

disenabled?
• Spatial coverage of the e-services to identify if any people,

place or ecology is being left alone
• Is there a need to rethink the goals and objectives of smart

sustainable development in the city?

Examining and evaluating
outcomes are important steps

in a planning process, to
provide feedback to
future endeavours.

Source: Authors.

4. Case Studies

In the following, we use this integrated framework to audit and assess different
pathways towards smart sustainability of two case study conurbations under very different
development contexts: SZ, China’s first special economic zone set up in 1979 when the
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country reopened her door to the global economy, and GM, the world’s first industrial town
in the late 18th century. The purpose is to test the robustness of the proposed framework on
its ability to highlight the processes and narratives of smart city developments in the two
city-regions and evaluate their sustainability impacts. The main reason behind choosing two
case study areas that are very different to each other in terms of their history, governance,
political economy, and socio-spatial dynamics, is to draw on the existing expertise of the
authors who have extensive knowledge of the case study areas, as well as to robustly test
the framework in different settings. Besides archival research on related histories, policies
and statistics, the authors conducted interviews with relevant stakeholders in both the
public and private sectors to keep track of the latest developments of smart sustainable
developments in both conurbations.

4.1. Shenzhen: From China’s Instant Special Economic Zone to Its Silicon Valley

One may argue that SZ’s historical mission has been China’s pioneering city as the
nation groped its way back to the world stage and treaded a development trajectory with
Chinese characteristics through its open door policy back in the late 1970s.

SZ was once a small rural border town north of Hong Kong. In 1979, it was desig-
nated by the Chinese central government to become a special economic zone (SEZ) to
pioneer nation-wide economic reforms. The experimental and pioneering nature of the city
can be witnessed in the evolution of its comprehensive/master plans and development
strategies [55–57]. In about four decades, SZ has developed from an ‘industrial city’ to
“an innovative multi-functional . . . international city” [57], with a population reaching
over 13 million and a total GDP of almost RMB 2.7 trillion (GBP 0.3 trillion) in 2019 [58].
Although it was not until 2011 that an outline plan for Smart Shenzhen was published [59],
SZ’s smart city development has a much longer history and can be seen as part of China’s
drive towards industrialisation, as a project of exploring an “alternative modernity” to
meet people’s basic needs while building a more egalitarian society [60]. Hence, it could be
argued that the move of the country and SZ towards smart or high-technology development
started even before the open door policy [60].

Technological development has been identified as a strategic aspect to boost socio-
economic development and facilitate the country’s reintegration in the world economy
through encouraging foreign investment [61,62]. In the country’s seventh Five Year Plan
(1986–1990), 12 key information and communication technology (ICT) application projects
surrounding national public service spheres, including banking, transportation, public
security and military services, were spurred to restructure traditional industries [60] (p. 27).
The research and development capacities of these enterprises have been instrumental
in realizing SZ’s 1987 policy to encourage private technology enterprises [63]. In fact,
Huawei, now a multinational technology company, was founded as a result of this policy
in December 1987, with only six employees and RMB 24,000 registered capital [60] (p. 30).

By the late 1990s, SZ’s strategic goal was to build the city as a base of high-tech
industries [64,65]. This strategic goal was to realise China’s ambition of becoming an
innovative nation. By the turn of the century, the Chinese government realised that without
an independent capacity to innovate in science and technology, the country could not
go beyond resource-intensive growth, overcoming environmental pollution, transform-
ing the economic structure and boosting high-technological development [66]. In other
words, the country has since realised that science and technology are instrumental to its
sustainable future.

It is in this macro-context that we examine SZ’s efforts to achieve smart sustainability.
As the city aspired to become a high-tech industrial base, the city also recognised its
development bottleneck. The 2004 Shenzhen 2030 Urban Development Strategy had a
vision of reimaging the city as a pioneering sustainable global city, developing a competitive,
influential and less resource intensive economy, as well as enhancing environmental and
social sustainability within the broader regional context [67]. SZ’s development since the
turn of the millennium has been an exploratory journey towards smart sustainability.
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4.1.1. An Experimental City

As with all migrant cities, SZ has been full of energy and cultural diversities. The
city has always been at the forefront of the country’s reforms. In 2005, the Ministry of
Construction identified SZ as a pilot city for digital urban management [68]. In its Digital
City Management Work Plan, SZ aimed to improve its management efficiency and quality
of services through an integrated information platform to manage information and exercise
real-time management [68]. In its 2008 Master Plan, SZ aspired to become the nation’s
first innovative city, creating an innovative environment for socio-economic and cultural
innovations, including recycling ecological resources to overcome resource constraints and
promoting genuine multi-dimensional development [69]. The Master Plan was updated
in 2010 and it was stated in Article 13 that the city will continue to be an innovative
international city with Chinese characteristics; that is, with a prosperous economy, a
harmonious society, an energy efficient, environmentally friendly, culturally vibrant and
ecologically liveable city that is rooted in the Pearl River Delta [57]. In 2011, an Outline
Plan for Smart Shenzhen was formulated [59]. Before examining this plan, let us examine a
brief overview of the mode of governance in SZ.

4.1.2. Mode of Governance

A hallmark of the power structure in Chinese cities is a top-down mode of governance
led by the municipal government with a parallel establishment of the Communist Party
that holds the real authority [70]. The penetration of the Communist Party in socioeconomic
development and governance can be seen in the party building activities in Tencent, a
high-tech giant based in SZ [71]. In the case of SZ, the picture is complicated by at least
two aspects of the city’s development. First, there are many early “zone builders” who
controlled rights to planning and developing different parcels of land in the city [72]. The
Municipal Government does not seem to be always successful in regaining its rights to
run the city according to its national policy inspired plans. The second aspect is related
to the integration of the rural counties into first two districts of the SEZ in 1993 and
then full integration with the SEZ to become the SZ Municipality in 2010 [73]. As the
Municipal Government does not have enough resources to buy and turn all collectively
owned “farmland” into urban land for the market, the city has many “small property rights
housing” especially in villages outside the former SEZ, posing formidable challenges to the
city in charting a sustainable future.

4.1.3. Urban Audit Datasets

Baseline studies and reviews are carried out in developing China’s comprehensive
urban plans (now called the territorial spatial master plan). Relevant data and information
are collected to support plan formulation. For the master plans, the city has a tradition of
carrying out detailed studies before plan formulation. For instance, in preparing for
the 2010–2020 Master Plan, 20 inter-related research topics, including, among others,
sustainable development indicators, mode of governance in a city of transition, housing,
transport, urban renewal, heritage, water and energy conservation, etc. [74]. However,
these data and information are not in the public domain.

4.1.4. Smart and Sustainable: Vision, Goal and Objectives

In 2011, SZ announced an Outline Plan for Smart Shenzhen [59]. As mentioned, SZ’s
smart city turn is rooted in the China’s determination to become an innovation nation. The
Outline Plan for Smart Shenzhen was based on the 2006–2020 National Digital Development
Strategy, The Pearl River Delta Region Reform and Development Plan Outline (2008–2020),
Shenzhen City Master Plan (2007–2020), Shenzhen National Innovative City Master Plan
(2008–2015) and Shenzhen’s twelfth Five-Year Plan for National Economic and Social Devel-
opment, etc. [59] (p. 1). This Outline Plan was followed by implementation measures [75].

The Plan outlines a “government coordinates and market operates” model so that
the government can coordinate the engineering aspect of digitalisation and standardise
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the design before the market and the people can participate and contribute to vibrant
development [59] (Section 2). The vision then was to create a fully functional information
and communication technology infrastructure to support efficient public management and
social services, as well as to master core technologies and operating standards to nurture
internationally competitive industrial clusters to boost smart city development. These
include internationally leading ICT infrastructure and environment that enhances urban
development, people’s quality of life and the economic structure and innovative capacity
of the city [59] (Section 2). The Outline Plan clearly states in its main task [59] (Section 3):
the development of a sustainable smart city and smart enterprises to realise co-prosperity
of a sustainable city and production.

In 2013, the Shenzhen Municipal Government published the Implementation Plan for
Smart Shenzhen (2013–2015) [75]. The Implementation Plan has been instrumental in ac-
complishing the following in SZ [75] (Section 3): internationally leading ICT infrastructure;
an efficient public digital information platform; smart and convenient urban operations
and services; information security system; improved capabilities to protect information
systems; information resources and network security, as well as responding to emergency
situation; and smart city supporting the development of industrial clusters.

In 2018, SZ updated its smart city strategy based on the Communist Party’s strategic
plan of building a strong networked nation, digital China and smart society [76]. The plan
aims at achieving “six ones”: one map that tells all, one number to enjoy all public services
in SZ, one click to know everything, one-stop operation, one big data platform to release
innovative entrepreneurship, and one service platform to integrate public, private and
societal efforts to boost people’s smart living [76] (Section 1).

These goals are to be achieved through a “government-led and pluralistic participa-
tion” model when various governmental departments are encouraged to build long-term
collaboration with competitive enterprises [76]. For example, through public private
partnership or procurement services, the government provides open data and service inter-
faces, and enterprises can invest in the construction, operation and subsequent services
to citizens through mobile internet to improve citizens’ experiences and sustainability of
relevant projects [76].

The twin goals of SZ’s smart city initiative to improve public services and foster
innovative capacity for the private sector mean that most of United Nation’s 17 sustainable
development goals (SDGs) have been covered. For instance, SZ has applied big data to
deliver new mode of health services [77]. ICT has been used to fight against COVID-19 and
a pandemic prevention and monitoring platform has been launched since 4 February 2020
to integrate medical resources, sharing data with all health service centres, 49 hospitals
and 21 nucleic acid detection institutions, promoting mutual recognition and sharing of
medical testing results and providing online query services for nucleic acid testing reports
to reduce the cost of medical treatment for patients [78].

Figure 1 below outlines the development of a typical smart community in SZ, covering
SDG3 (health and well-being), SDG4 (quality education), SDG6 (clean water and sanitation),
SDG7 (affordable and clean energy), SDG11 (sustainable cities and communities), SDG16
(strong institutions) and SDG17 (partnership) [79] (p. 8). As the first city fully covered
by the 5G independent network in China, SZ has initiated the construction of 5G smart
posts [80]. To date, 34 parks and greenways have been installed with 5G application
products to better serve citizens and the Shenzhen Park Management Centre will formulate
a unified standard for the smart park platform in the city, to facilitate the data transmission
and improve the efficiency of equipment [81].

The development of an open data and big data trading platform and efforts to pro-
mote innovation have helped the growth of a digital economy (SDG8 on decent work
and economic growth) [76,82]. In 2020, SZ proposed to accelerate the construction of new
infrastructure, including information infrastructure (communication networks, computing
and digital technology infrastructure), integrated infrastructure (smart manufacturing
infrastructure, smart transport infrastructure and smart energy infrastructure) and inno-



Sustainability 2022, 14, 3509 10 of 28

vation infrastructure (technological infrastructure and industrial infrastructure) [83]. In
2021, the Shenzhen Municipal Government planned to accelerate the overall speed of com-
munication networks, boost the comprehensive intelligence of terminal devices, fast-track
the construction of big data centres, integrate and upgrade artificial intelligence infras-
tructure and speed up the construction of block chain technology infrastructure (SDG9
on industry, innovation and infrastructure, and SDG12 on responsible consumption and
production) [83]. The development of all the relevant infrastructure and the construction of
an open data platform means that various units in SZ have undergone decades of efforts to
collaborate and work in partnership (SDG17).

Figure 1. Framework for developing a smart community. Source: Translated and redrawn from [79] (p. 8).

4.1.5. Building Smart Sustainability: Processes and Contents
Financing and Dedicated Authority for Building the Infrastructure

Since the 1990s, SZ has been allocating financial resources to support the development
of high-tech industries and smart city initiatives. In 1999, SZ increased its investment in
science and technology to 2% of the municipal budget and it was then planned to increase
the amount to 2.5% at the tenth Five Year Plan (2001–2005) [65]. The Municipal Govern-
ment invested RMB 500 million (GBP 38 million) to establish an innovation and technology
investment company and increased the capital injection to the high-tech industry invest-
ment service company so that its capital could reach CNY 400 million (GBP 30 million) in
2000 [65]. In 2018, the Shenzhen Municipality planned to enhance the approval of funding
for digitalisation projects; purchase services from the market through digital construction;
encourage private capital to invest in and operate smart cities, establish financial funds for
smart city construction, apply and promote mechanisms to guarantee funding support at
different geographical levels and strive to secure national and provincial support for pilot
demonstration projects [76].

As early as 2008, a Leading Group on the Construction of a National Innovative City
was set up to guide SZ’s development [69]. Besides Municipal leadership, officials from the
Development and Reform Commission, Trade and Industry, Technology and Information,
Finance, Human Resource, Planning, Land and Real Estate, Education, Environmental
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Protection, Statistics, Industry and Commerce, Quality Supervision, Intellectual Property
and High-tech authorities were group members [69]. In 2020, SZ established a Leading
Group on New Infrastructure Construction to join efforts at the municipal and district
levels to solve major cross-region, cross-field and cross-departmental problems [83]. In 2021,
SZ established a Leading Group on the Construction of Smart City Digital Government.
The Group was led by the city mayor and is located in Shenzhen Municipal Bureau of
Government Service and Data Administration [82].

The Shenzhen Municipal Bureau of Government Service and Data Administration
was established in 2019. The Bureau is in charge of constructing smart city and digi-
tal government, managing government data, supervising and guiding the construction
and implementation of e-government projects, and supporting information security man-
agement [84]. Within the Bureau are two subordinate units, Shenzhen Big Data Resource
Management Centre and Shenzhen Information Security Assessment Centre [84]. Currently,
Shenzhen Municipal Government Data Open Platform has 2457 catalogues, 25,087 data
items and 497,398,826 data; and, there are 14 data fields, including education and tech-
nology, transportation, culture and leisure, fiscal and tax finance, agricultural and rural
services, ecological civilization, labour and human resources, government institutions, en-
terprise services, public security, economic construction, social development, credit services
and hygiene and health [85].

However, the two Centres to collect big data and to operate and manage smart city
initiatives are not run by the Shenzhen Municipal Government [76]. The Shenzhen Smart
City Big Data Centre (The Big Data Centre) is run by the Shenzhen Smart City Technology
Development Group (henceforth the Group), a Municipal-level state-owned enterprise
under the Shenzhen Municipal State-owned Assets Supervision and Administration Com-
mission [86]. The Big Data Centre is responsible for implementing the whole life cycle
of data acquisition to data dissemination. In terms of data acquisition and transmission,
the Group collaborates with operators to build a multi-generational and resilient urban
intelligent network system [86]. The Big Data Centre constructs state-owned assets and
enterprises cloud and a green and energy-saving data centre, providing a safe and stable
platform for data storage and aggregation [86]. For data analysis and decision-making, the
Group constructs a state-owned asset “brain”, which displays basic operation conditions,
layout and supervision of municipal state-owned assets [87], and through the construction
of smart state-owned assets and smart state-owned enterprises and smart display centre, it
strengthens the ability of comprehensive analysis and application of urban data to help
build a resilient city [86].

The Shenzhen City Operation and Management Centre is set up and operated by the
Smart City Research institute of China Electronics Technology Corporation [88], which
is a key state-owned enterprise [89]. The institutional set up of these two key operation
Centres reflects the importance of smart city initiatives in the Chinese context. The Centre
uses the computing resources of the Shenzhen Supercomputer Centre and its system is
fully connected to the data of the e-government resource centre, telecom operators, infras-
tructure operators and internet enterprises to achieve the collection and analysis of city
comprehensive information and visualise data [90]. The system managed by the Shenzhen
City Operation and Management Centre is a cross-scale, cross-region, cross-department
and cross-business comprehensive collaborative management and service platform that
integrates technical and business data to function as the brain and nerve centre of urban
operation and management [90]. Since beginning its operation, the Shenzhen City Opera-
tion and Management Centre has connected to 60 business systems in 19 governmental
departments and covered key aspects of city operation, including public security, traffic,
ecology and environment [87].

Unfortunately, both Shenzhen Smart City Technology Development Group and Shen-
zhen City Operation and Management Centre do not have official websites for us to check
their operations further.
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Data Users and Value Capture Mechanisms

It seems that users of the big data platform are confined to the government related
units and private enterprises, such as: the Smart City Research institute of the China
Electronics Technology Corporation; state-owned enterprises, such as Shenzhen Smart
City Technology Development Group and Shenzhen City Operation and Management
Centre; or home-grown private enterprises, including Tencent and Huawei. While there
are “commercial data” owned by state-owned enterprises, such as China Mobile or China
Telecom or private sectors, such as Baidu, Tencent, etc., that charge market rates, it is not
clear whether value capture mechanisms are in place when economic interests generate
smart businesses out of the use of data.

4.1.6. Monitoring and Feedback: Spatial and Sectoral Outcomes

It is not easy to identify all the spatial and sectoral outcomes as SZ’s smart city
initiatives are unfolding and hence it is even more difficult to audit if they are moving
various economic sectors towards sustainability. Table 2 provides a picture of the socio-
economic, demographic and spatial developments in the nine districts (plus one functional
district). In general, the four districts within the former special economic zone (Nanshan,
Futian, Luohu and Yantian Districts) perform better economically. Their per capita GDP
and average selling price of housing in the secondary market are higher than those districts
outside the former special economic zone. However, the differences cannot be over-stressed,
as per capita investment in fixed assets, commodity housing, office buildings sold, per
capital local budgetary revenue, and expenditure vary among the various districts. The
Environmental Indices seem to confirm that discrepancies among different districts have
been improving over the years, implying perhaps SZ has been doing a good job in bringing
about smart sustainable development.

Indeed, since 2018 and 2019, all the districts in SZ have restructured their government
units and introduced the Bureau of Government Service and Data Administration. Various
districts are also encouraged to partner with private businesses to bring out smart sustain-
able development. More research, however, is required to identify the socio-ecological and
spatial winners and losers of SZ’s quest for smart and sustainable development.
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Table 2. Socio-economic, spatial and demographic data of the nine districts and one function district in Shenzhen.

Indicator Nanshan
District

Futian
District

Luohu
District

Yantian
District

Bao’an
District

Guangming
District

Longhua
District

Longgang
District

Pingshan
District

Dapeng New
Functional District

GDP (CNY 100 million) 6103.69 4546.50 2390.26 656.48 3853.58 1020.92 2510.77 4685.78 760.87 351.44

Per capita GDP (CNY) 394,881 273,407 226,221 269,490 115,286 155,155 147,147 186,788 164,370 222,289

Land area (sq km) 187.53 78.66 78.75 74.99 396.61 155.44 175.58 388.22 166.31 295.38

Employment (urban units)
(10,000 persons) 100.32 100.27 36.31 6.31 90.82 20.40 49.25 70.09 17.40 4.00

Permanent population (registered)
(10,000 persons) 98.00 107.08 61.72 7.99 65.1 10.07 40.9 83.8 9.15 3.96

Permanent population (non-registered)
(10,000 persons) 56.57 59.21 43.94 16.37 269.16 55.73 129.73 167.06 37.14 11.85

Total permanent population
(10,000 persons) 154.57 166.29 105.66 24.36 334.26 65.80 170.63 250.86 46.29 15.81

Growth rate of energy consumption per
unit of GDP −0.02 −0.04 −0.05 −0.05 −0.05 −0.03 −0.04 −0.03 −0.06 −0.04

Investment in fixed assets (million yuan) 159,239 53,958 34,867 17,048 130,203 62,070 87,531 132,149 39,166 10,418

Per capita investment in fixed assets
(million yuan) 1030 324.49 330.00 699.85 389.53 943.33 512.99 526.78 846.11 659.00

Commodity housing for residential use
sold (10,000 sq m) 86.02 33.69 11.62 19.78 134.95 56.18 84.03 155.89 52.61 3.66

Office buildings sold (10,000 sq m) 28.81 7.50 12.20 0.28 15.61 0.86 7.55 12.47 4.35 n.a.

Commercial buildings sold (10,000 sq m) 5.19 8.90 0.14 0.03 5.92 1.42 9.37 6.84 1.97 n.a.

Vacant buildings (10,000 sq m) 55.62 15.72 27.96 38.23 74.56 12.43 51.4 80.89 28.21 11.14

Housing market (residential; average
selling price in secondary market)
(CNY/sq m)

95,413 97,256 69,625 47,300 54,605 46,014 59,862 44,527 35,063 30,151

Local budgetary revenue (CNY million) 30,874.20 19,269.71 9285.22 3228.46 26,713.86 5863.58 14,215.54 24,240.33 4652.08 2325.21

Per capita Local budgetary revenue (CNY) 19,974.25 11,588.01 8787.83 13,253.12 7991.94 8911.22 8331.21 9662.89 10,049.86 14,707.21

Local budgetary expenditure
(CNY million) 35,817.02 29,557.54 21,969.54 6806.40 46,428.53 13,341.02 26,078.47 35,691.07 15,021.39 6488.97
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Table 2. Cont.

Indicator Nanshan
District

Futian
District

Luohu
District

Yantian
District

Bao’an
District

Guangming
District

Longhua
District

Longgang
District

Pingshan
District

Dapeng New
Functional District

Per capita local budgetary expenditure
(CNY) 23,172.04 17,774.69 20,792.67 27,940.89 13,889.94 20,275.11 15,283.64 14,227.49 32,450.62 41,043.45

Number of employees managing water
conservancy, environment and
public facilities

5239 4358 1358 480 670 616 2482 1611 185 412

Environmental Index (EI) 64.6
(good)

61.1
(good)

74.4
(excellent)

82.6
(excellent)

60.9
(good)

61.6
(good)

57.1
(good)

61.4
(good)

68.6
(good)

91.4
(excellent)

Notes: Data year is 2019 (except land area is 2018); Total permanent population = Permanent population (registered) + Permanent population (non-registered); Per capita
GDP = GDP/Total permanent population; Per capita revenue = Local budgetary revenue/Total permanent population; Per capita expenditure = Local budgetary expenditure/Total
permanent population. Source for GDP: [91]. Source for Environmental Index (EI): [92]. Source for other indicators: [58].
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4.2. Greater Manchester City Region: From the World’s First Industrial City to UK’s Leading
Digital Region

GM is a city-region in north-west England that constitutes the continuous urban area of
Manchester, and includes nine adjacent districts (Bolton, Bury, Oldham, Rochdale, Salford,
Stockport, Tameside, Trafford, and Wigan). After Greater London, it is the third most
populous urban area in the UK with a population of nearly three million residents [93].

Manchester, the birthplace of both the industrial revolution and the co-operative
movement, both of which are very urban initiatives, has long aspired to be a world leader
in the area of smart cities and civic innovation. Manchester was dubbed as the original
modern city by an international campaign launched by the city to argue that it was not only
the physical advantages of cotton-friendly climate and easy access to docks and mines in
Manchester that led to the first Industrial Revolution, but also a culture of innovation and
enterprise, whereby the atom was first split in 1917, and the first stored programme com-
puter was built in 1948, secured Manchester’s early prosperity [94]. It is through this history
and heritage that Manchester claims to be at the forefront of the smart city movement.

Building on this legacy of digital enterprises and cultural capital, GM has sought to
integrate its digital strategy and sustainable development goals into its economic growth
narrative. As early as 1994, the City Pride Economic Plan, comprising Manchester, Salford,
Trafford, and Tameside, identified sustainable development and information technologies
as key areas to grow and set out a vision to reorient the economy towards retail and com-
merce following deindustrialisation in the previous decade. The collaborative approach of
the Manchester Investment and Development Agency (MIDAS) in 1997 and the Manch-
ester City Pride Economic Development Strategy in 2000 led to what today known as the
Manchester Model, that is, an urban growth coalition comprising key anchor institutions in
the area to support GM economic growth [95].

4.2.1. An Entrepreneurial City

The United Kingdom is relatively new to the development of smart cities compared
to the early adopters, such as Japan, South Korea, Singapore, China and the US [96].
Government funds have been slow to emerge, and therefore the UK does not have a
comprehensive, top-down movement. One of the main reasons behind the UK’s slow
adaptation of the smart city agenda has been identified as its ageing infrastructure, namely
its outdated broadband services, which have resulted in a typical household or business in
the UK having half the download speed compared to Western Europe [97]. In the absence
of a national strategy, local authorities have risen to the challenge, with the help from
academia and the non-profit sector, as well as the commercial sector, ranging from global
corporations to start-up ecosystems. This has created an environment for entrepreneurial
approaches to advance smart cities and search for opportunities for funding if productive
collaborations can be achieved.

GM has a strong history of enterprise mindset since the industrial revolution. It has,
since the turn of the millennium, followed an inward investment growth model aiming
to create an environment favourable to commercial enterprises and neoliberal economic
growth. The wider city-region centre, comprising the town centres of Manchester, Salford,
and Trafford, expects well over GBP 7 bn of investment over the next 10–15 years across
a range of varied projects, especially in North Manchester where economic deprivation
is more widespread than the rest of the region. Beyond its regulatory role, Manchester
has also made investments in or gone into partnerships with businesses in a variety of
sectors, including transport, logistics, real estate and digital. Against the backdrop of
austerity, policies implemented since 2010 by the then coalition government in the UK,
the councils have increasingly adopted entrepreneurial and high-risk revenue generating,
pro-development practices.
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4.2.2. Mode of Governance

The GM city-region is governed by the Greater Manchester Combined Authority
(GMCA), which consists of political leaders from each of the ten districts, plus a directly
elected mayor, with responsibility for economic development, housing regeneration and
transport. A combined authority is a legal body set up by two or more municipalities
to collaborate and take collective decisions across municipality boundaries. It is a very
recent phenomenon in England—GM was the first in the country in 2014 and there are
currently nine other combined authorities in England representing the biggest city-regions
outside London. It is, however, important to note that the ten districts have a long history
of partnership working to coordinate their development after the abolition of the former
Greater Manchester County Council in 1986. The GMCA is not the only organisation
across GM. Others are Transport for Greater Manchester (responsible for transport), Greater
Manchester Health & Social Care Partnership (health), and Greater Manchester Local
Enterprise Partnership (economic growth). However, GMCA is the key organisation
integrating main strategies across different organisations in the GM area for a shared
blueprint and programme of action.

In GM and its ten constituent districts, smart city strategies are co-opted into an
economic growth strategy over both the short and long-term that is premised on the
positive externalities of digital connection. At the city-region scale, of which GMCA
is responsible, this is achieved by a place-based leadership drawing its power from a
consensus-based partnership between its constituent districts that has formally existed
since the creation of the Association of Greater Manchester Authorities in 1986. The GMCA
launched a region-wide digital blueprint in 2020, setting out the principles and strategies
that the combined authority and its constituent districts will follow to govern GM’s digital
economy, which comprised of public sector, private sector, and academia.

At the district level, local authorities in GM have been very proactive in this area over
the last twenty years. Activities ranging from involvement in council-led initiatives dating
back thirty years, such as the Manchester Community Information Network, to nationally
recognised partnerships with international IT companies to roll out internet-connected
technologies (e.g., air quality sensing, energy reduction technologies, and wellbeing initia-
tives). These digital initiatives have stepped up in the last decade, partly due to increased
central government financial support. For instance, Manchester is one of the 30 different
cities chosen by Innovate UK (with a total fund of £75 m) to support feasibility studies and
demonstrator projects of smart city technologies between 2012 and 2020.

In their review of smart city agendas in six cities in the UK, Cowley et al. [12] argued
that Manchester has adopted a networked governance approach to smart city, whereby
several constellations of organisations and strategies centred around a few key institutions,
such the city council, universities, and big businesses, to support GM’s aspirations to
become a world leading digital city-region.

4.2.3. Role of Urban Data

The English planning system has a long track record of evidence-informed practice.
Although the first New Labour government in 1997 provided strong momentum and justi-
fication to evidence-informed policymaking in Britain, Healy [98] argued, for example, that
all forms of evidence-informed interventions were particularly popular in pilot initiatives,
such as inner-city regeneration programmes in the 1980s. Whilst a traditional rational
notion that quantitative evidence should determine the most appropriate policy options
can still be observed in practice, planners “more often . . . rely on experience and more
informal investigations of the problem, and rules of thumb or best practices developed and
applied by others” [99] (p. 469).

Local development plans, which guide planning and development in a local author-
ity’s area, are created by following the survey–analysis–plan approach, drawing on data
sources ranging from traditional statistics, such as demographics produced at small geo-
graphical areas, or more specialised data on targeted policy areas, such as digital sector
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employment. The lack of resources and capacity at the local authority level has been a
major millstone in carrying out performance monitoring, and it is thus easier to focus
on tangible outputs than the achievement of the quality of outcomes [100,101]. There
are also practical problems associated with data availability. Although there have been
purposeful attempts to monitor and report on sustainable development or bring different
datasets on the planning system together, such as DLUHC Open Data, LG Inform, and
the ONS Sustainable Development Goals reporting platform, there is no readily available
information on the quality of place or perceptions of environmental quality.

The rapid development of online planning application systems, the use of urban big
data and mapping visualisation methods have offered the promise for local authorities as a
way forward to fill in the data gaps and develop robust monitoring systems and toolkits.
However, the delivery of digital planning is met with major challenges by local authorities,
as shown in a report by the UK Digital Planning Task Force [102]. Smart technology cannot
be effectively applied without smart management and smart people. The production of
new forms of data does involve complex processes of data mining and integration, which
in turn requires complex data regulation and management to be in place. This will involve
major institutional reform of the planning system and a major re-think of how planning
can be conducted in a way that is adaptable to change, as well as the training of a new
generation of planners and managers who have a strong grip of policy issues and being
technically astute to deploy these technologies [47].

4.2.4. Smart and Sustainable: Vision, Goal and Objectives

Due to the governing arrangements in GM and its ten constituent districts, there are no
material differences between sub-regional and district levels in terms of the smart sustain-
ability strategy. In practice, the smart sustainability strategy of GM was the amalgamation
of the policies from districts, though it is more strategic by focusing on issues that affect
the wider city-region as well as further into the future; whereas the districts focus more on
the implementation of this strategy and specific issues in relation to the local area, such
as where investment should go. Due to its legacy institutions as well as historical and
economic importance within the city-region, Manchester plays a leading role in setting this
agenda both at local and sub-regional level.

At the policy level, the adopted strategies that influence the smart sustainability
agenda in GM include the Greater Manchester Strategy [103], the Greater Manchester
Digital Strategy 2018–2020 [104], the Greater Manchester Digital Blueprint [105], and the
Greater Manchester Local Industrial Strategy [106]. GM has the ambition to support growth
in the digital sectors with the aim of reducing environmental pollution and helping the
region transit towards a low-carbon society, as well as lifting “left behind places” [105].
Even though Manchester City is recognised having a strong and resilient digital sector,
almost half of its neighbourhoods are considered in the top 10% deprived communities
in England, and other districts in the city-region also suffer from deprivation problems.
Considering the disruptive potential of wholesale adoption of digital technologies in
manufacturing, the service sector, and supply chains, the Greater Manchester Digital
Blueprint argued that becoming a leading digital city-region is imperative to deliver an
inclusive and green growth [105].

According to the UK government sponsored Tech Nation Report [107], Manchester
is the fastest growing tech city within Europe, with investments in digital sectors having
grown by 277% in 2019 from 2009 (GBP 48 m to GBP 181 m). This meant that Manchester
has surpassed Cambridge for the first time to become second only to London in terms of
venture capital investment in tech companies, and that has established a world-leading
tech cluster around e-commerce and digital security and trust [107]. With this growth,
the economic benefits to the city-region and the knock-on effect to employees in terms of
salary seemed to be reflected in the increase in median salary year-on-year by GBP 2500. In
fact, the CompTIA UK Tech Town Index found that Manchester remained a highly sought
after by IT professionals, having been the top of the rank in 2019 and number four in
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2020 [108]. Underpinning the growth in the digital sector and its key role in achieving
Greater Manchester-wide targets in productivity growth and transitioning to low-carbon
futures is a seven-point benchmark system to measure the size and health of its digital
ecosystem, the diversity of its digital economy, and the impact of digital on the wider
sustainability agenda (see Table 3).

Table 3. Seven high-level indicators to monitor the digital sector landscape in GM.

Measure Target

Growth and
productivity—GVA per job

To grow GVA per filled job from GBP 41,984 to GBP 44,500
by 2020.

Digital skills—pipeline
To reduce the percentage of GM digital businesses that report

turning down work as a result of being unable to find the right
talent from 27% (2017) to 5% by 2020.

Digital
inclusion—possessing basic

digital skills

Increasing the percentage of GM residents that have all five basic
digital skills (communicating, creating, transacting,

problem-solving and managing information) from 78% (2016) to
82% by 2020

Digital inclusion—basic
digital skills usage

Increase the percentage of adults who have used all five basic
digital skills (communicating, creating, transacting,

problem-solving and managing information) from 42% in 2017 to
60%, with no borough below 50%, by 2020.

Growth and
productivity—gender

balance in digital companies

To change the ratio of men: women among IT and tech workers in
technical roles from 79:21 in 2016/17 to 60:40 by 2020, as a

milestone to 50:50 by 2025.

Digital
infrastructure—average

download speed

By 2022/23, the average download speed across fibre, cable,
mobile and wireless will exceed 100 Mbps, compared to a Q4 2017

baseline of 32 Mbps

Digital infrastructure—fixed
broadband speed

Increase the percentage of premises in GM with fibre to the
premises from 2% to 25% by 2020

Source: [104] (p. 4).

These seven indicators are supposed to be reported on a six-monthly basis, in line with
the reporting for the Greater Manchester Strategy, but it has been delayed to date due to
the COVID-19 pandemic. Amongst the seven indicators, there was a very strong focus on
human capital and skills. It was recognised both in the Digital Blueprint [105] and Industrial
Strategy [106] that GM needed to support the skills requirements of the digital sector in
the wider city-region, in order to fill in the identified gaps in the future jobs, especially in
low-carbon energy sectors, but also minimise digital exclusion particularly for those with
English as a second language and disabled people, as well as older workers. This was also
reflected in the Manchester Digital Strategy [104], which had four interlinked themes:

• Smart people: everyone able to gain and sustain the skills, aspirations, and confidence
to fully participate in the digital world

• Digital places: providing access, connectivity and support for all residents and busi-
nesses and digitally enabling enhanced health and wellbeing

• Future prosperity: to attract new digital businesses and sectors and support a resilient
and inclusive economy

• Sustainable resilience: meet zero carbon and climate resilience goals and to create
open inclusive connectivity with enhanced digital infrastructure as a utility not just
a commodity

Therefore, “smart people” was a running theme across both strategies, to ensure that
the benefits of the digital sector growth can be shared by all.
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4.2.5. Building Smart Sustainability: Processes and Contents

Due to its partnership-led model of planning and investing in digital infrastructure
at the local level, most of the funding is raised by the private sector and usually follows
the rules of the statutory planning process in England. This is in line with the wider urban
development process in England that local councils play a strong role in directing private
investment towards the council’s priority areas by creating an attractive regulatory and
economic environment for businesses to invest. To this end, GMCA has established a
marketing agency [109] to raise Manchester’s profile nationally and internationally as the
gateway to the North and improve global perceptions and city ranking. The setup of
Manchester’s inward investment promotion agency, MIDAS, is another marketing vehicle.
The InvestInManchester.com (accessed on 6 Feb 2022) [110] online platform is another way
of marketing itself, which has specific sections for Chinese and Indian audiences, drawing
on the UK’s strong social, cultural and economic ties with both regions.

An example of a smart sustainability project led by a public–private partnership is
the Manchester Science Park [111]. It is a commercial-led mixed-use development project
on a site adjacent to two universities and a large hospital in Manchester, hosting office
space, lab space, business support for start-ups, and other bespoke infrastructure and
services for life science, medtech, digital tech, advanced materials, and cyber security
organisations. The development was funded and delivered by the Manchester Science
Partnerships comprising Bruntwood SciTech, Manchester City Council, University of
Manchester, Manchester Metropolitan University, Manchester University NHS Foundation
Trust, Cheshire East Council, and Salford City Council. A portfolio of urban development
investments in the digital sector, aiming to grow Manchester’s knowledge economy for a
digital and greener future, are presented in the partnership’s website.

Another example is the Oxford Road Corridor in Manchester. The Corridor is in
Manchester’s central business and education district, comprising Manchester’s hospitals,
universities and Manchester Science Park. It was described as a living lab [112] due to
its explicit emphasis on scientific knowledge production, and its proactive and flexible
governance arrangements to address emerging life challenges. As such, the adopted
Manchester Local Plan (2012) recognised the added economic value of commercialisation
of education and healthcare activities in conjunction with private sector investment in key
sectors, such as science and technology, to the wider GM economy. This was again another
public–private partnership project, led by Manchester City Council and the University
of Manchester.

It is through these partnerships and networks of actors, of which local authorities
are a key component, that digital data are produced, collected, managed, and put to use.
Unlike more critical and sceptical accounts of smart city initiatives across the world, which
depict the role of the public organisations as “powerless” [113] (p. 30), GMCA and its ten
constituent districts play a very active role in shaping and managing the wider digital
ecosystem in GM. The main mechanism by which this overarching role was achieved was
premised on the rich history of local collaboration between the public, private and third
sectors. This was summarised in Figure 2.

Digital data in GM are categorised in eight main areas (see Figure 2). There are
multiplicities of organisations connected to each other within each of these areas, either in
contractual ways or by loose ties, due to funding arrangements, regulatory requirements
and commitment levels. The GMCA plays a key role in these constellations of networks,
bridging key partners, providing business support to start-ups, offering loans and other
financial support to community organisations in this space, and marketing this favourable
environment at the national and international channels.

It is not possible to decipher the exact nature of all of these relationships and especially
the extent to which the GMCA safeguards the public’s concerns regarding data protection
due to the private nature of most of these partnerships, which are privileged and protected
in the UK. However, it is worth noting that the GMCA has published strategies and policies
to give assurances to the wider public on the use and processing of their data (see [105]).
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Figure 2. The GM Digital Ecosystem Overview. Source: Modified from [104] (p. 8).

The Digital Blueprint identified digital infrastructure and productivity as key challenge
areas to achieve its targets [105]. Spatial planning is a key enabler for the success of this
strategy, as it can unlock land resources needed for future growth in the digital sectors, as
well as ensuring strong integration between the requirements of business and households
and digital infrastructure capacity. The emerging spatial framework for GM (Except
Stockport. The 10 districts and the mayor have the veto power of the Spatial Strategy, and
Stockport Borough Council decided to exercise its veto in Dec 2020 and is excluded from
the Greater Manchester Spatial Strategy.), Places for Everyone, was meant to deliver this
digital and low-carbon growth on the ground [114]. However, its current draft version [114]
that went into consultation in 2021 underplayed its role in delivering digitally enabled
green growth in the region. For example, it lacked robust policies and action plans to
support digital infrastructure and digital-based business opportunities beyond the generic
support available to the wider sector. Despite recognising the importance of growth in the
digital sector for achieving its sustainability aims (e.g., being carbon-neutral by 2038), it did
not offer a detailed delivery plan to secure a long-term, strategic, holistic and integrated
approach to smart city. The Spatial Strategy is still in consultation and may undergo further
changes until its expected adoption in 2023 [114].

These examples highlight the necessity of partnerships between public and private
sectors to support the development of a smart sustainability agenda. In the absence of
central government funding and a lack of means to generate income locally, local authorities
are forced to enter partnerships with private sector agents to be able to meet the councils’
key priorities for their areas. This is in fact recognised and endorsed by central government
in its National Planning Policy Framework [115], which requires local planning authorities
to support existing business sectors, by helping to create conditions in which businesses
can invest, expand and adapt.

4.2.6. Monitoring and Feedback: Spatial and Sectoral Outcomes

Notwithstanding the long-debated problems of measuring spatial planning outcomes
in the UK [101], it is particularly hard to identify monitoring and evaluation datasets and
tools to understand the impact of digital technologies and their interaction with spatial
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planning on sustainable development [47]. Compounding the issues around lack of access
to proprietary data from private companies, such as Google, that plays a gatekeeper role to
their data generated from their users, it is nearly impossible to identify co-benefits as well
as compounding and conflicting consequences on the wider sustainability agenda.

Nonetheless, Table 4 is an attempt to capture the socio-economic, demographic and
spatial developments in the ten districts of GM. In general, Manchester as the heartland of
the city-region performs much stronger on the indicators about economic development,
followed very closely by Trafford and Salford, which are also geographically best placed to
enjoy the dividends of recent city-region centre development. This has unfortunately come
with a price on social equity, as almost half of neighbourhoods in Manchester are placed
in England’s most deprived decile (as measured by the 2019 English Index of Multiple
Deprivation), highlighting the well acknowledged problem in Manchester that the city has
not been successful in translating economic growth into improved prosperity for many of
its residents and communities.

The key question for Manchester and other neighbouring districts is how best to trans-
late and sustain the recent growth and investment in digital sectors and digital economic
growth to much wider social and environmental benefits. This is an area that the GMCA
and all ten constituent districts pay close attention to, as councils still lag behind the UK
average on productivity and there is a strong hope attached to the growth in the digital
economy to fill this gap [104].
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Table 4. Socio-economic, spatial and demographic data of the ten districts in Greater Manchester.

Indicator Manchester Salford Trafford Stockport Oldham Rochdale Bury Wigan Tameside Bolton

GDP at current market prices (GBP million) (2018) 25,059 8479 10,078 7778 4663 4289 3959 6131 4148 6702

GDP per capita at current market prices (GBP) (2018) 45,759 33,328 42,636 26,657 19,790 19,497 20,824 18,802 18,422 23,486

Total area (sq. km) (2018) 116 97 106 126 142 158 99 188 103 140

Population (2020) 555,700 262,700 237,600 294,200 237,600 223,700 190,700 330,700 227,100 288,200

Employed population (2021) 274,100 122,700 114,300 136,800 104,500 89,700 90,200 159,500 107,400 123,500

Qualification (high school standard and above) (2020) 249,900 98,400 96,700 106,900 73,400 68,000 70,700 103,000 68,400 92,900

Gross weekly pay (GBP) (2021) 529.1 555.1 683.3 632.2 544.7 529.6 609.4 583.9 527.0 528.3

Job density (the ratio of total jobs to population aged 16–64) (2020) 1.16 0.82 1.13 0.84 0.63 0.62 0.65 0.61 0.56 0.76

Location quotient for digital and creative industries
(Great Britain = 1.0) 1.05 1.4 0.85 1.0 0.45 0.45 0.45 0.35 0.35 0.45

Estimated total number of direct jobs in low-carbon and renewable
energy sector by 2030 (2020) 6175 2597 2349 3067 2173 1838 1490 2564 1921 2465

Total expenditure of the public sector on services (GBP thousand)
(2021) 983,424 415,148 325,202 439,810 397,761 407,255 290,868 505,212 353,086 438,630

Business start-ups per 10,000 population (2020) 104.5 93.8 89.1 61.7 67.5 56.0 68.4 51.0 47.5 75.1

CO2 emissions per capita (tonnes) (2019) 3.7 4.8 6.2 4.1 3.3 4.3 4.5 3.8 3.6 4.2

Median house price (GBP) (2021) 203,250 190,000 315,000 260,000 159,950 155,000 196,000 150,000 162,500 150,000

Residential properties sold (March 2020–March 2021) 4326 2791 3069 4202 2196 2214 2188 4049 2527 3370

Percentage of neighbourhoods in the most deprived decile in
England (2019) 43 30 5 9 30 30 10 17 21 24

Median internet download speed (household, Mb/s) (2021) 63.4 69.6 70.4 73.9 68.1 58.6 54.8 70.2 57.8 72.4

Median internet data usage (household, gigabytes) (2021) 396 346 316 296 350 372 310 318 348 322

GVA per hour worked compared to national average (United
Kingdom = 100) (2019) 95 99 104 87 80 79 78 77 84 82

Climate action plan index (national rank) (2022) 1 50 35 126 118 145 52 74 N/A 89

Notes: Source for location quotient data for digital and creative industries in GM was [116] (p. 13). Source for the estimated total number of direct jobs in low-carbon and renewable
energy sector by 2030 was the report “The role of local government as place shapers in delivering Clean Growth”, written by Ecuity consulting on behalf of the Local Government
Association [117]. Source for the internet data [118]. Source for the climate action plan index [119]. Sources for other indicators [120–122].
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5. Conclusions

Table 5 shows that the framework is an effective tool for narrating and evaluating
the two city-regions’ efforts in moving towards smart sustainability. The exercise reveals
possible alternative pathways of developing smart sustainability, rooted in each city’s
historical contexts and evolving modes of governance, implying that there is no need for
a one-size fit all model [123]. SZ is a rural town turned pioneering metropolis and smart
city thanks to a top-down authoritarian regime that orchestrates national reforms and
sustainable development. GM was the birthplace of the industrial revolution that has
undergone major industrial restructuring but has a strong historical legacy of government,
commercial, academic, and non-profit organisation stakeholders working collaboratively at
multiple fronts to advance smart and sustainable development in the region. There are pros
and cons of these trajectories and both city-regions need to work much harder in terms of
leveraging smart technologies to produce place-based knowledge and data sets to develop
sustainable strategies and plans.

Table 5. Smart and sustainable? Comparing Shenzhen with Greater Manchester.

Spatial Planning
Process Shenzhen Greater Manchester

History and contexts

• Area: 1997 km2; population: 13 million
(2019)

• A rural town turned smart city
• Strong central government-led smart city

development
• An experimental city: pioneer and testing

ground of smart sustainability reforms
in China

• Area: 1276 km2; population: 2.8 million (2019)
• Birthplace of the industrial revolution and the

co-operative movement
• A long history of local collaboration
• An entrepreneurial city, local authorities working

with academics, commercial sector and NGOs to
advance smart sustainability

Acquisition of
place-based
knowledge

• Both cities have a tradition of evidence-informed planning, relying on, among others,
place-based knowledge

• In SZ, the data sets are not displayed in the public domain and the smart city data platform
provides a potential for these to be better organised. Further research is required

• In GM, the execution of the policy is limited by local capacity and the technical and regulatory
complexities involved in managing data on a digital platform

Vision, goal
and objectives

To develop a mature ICT infrastructure to
support administration and social services, as
well as to boost global competitiveness, related

to most of the 17 SDGs

• A vision of being a leading digital city-region
with inclusive and green growth

• Four interlinked themes on smart people, smart
place, future prosperity and sustainable
resilience, that align well with the SDGs

Processes and contents

• Dedicated authority and resources for
smart city development

• Data collection, operation, and
management of smart initiatives by
state-owned enterprises, as a cross-scale,
cross-region, cross-department and cross
business endeavour

• Value capture mechanisms not clear

• Multiplicities of actors producing, processing
and using data

• Local government acting as a place-based leader
to coordinate private activities to meet the vision
and goals

• Transparency and accountability are key areas of
concern due to the private nature of
these partnerships

Monitoring: spatial
and sectoral outcomes
and feedback loop

• Socio-spatial disparities between the
former special economic zone and the
former rural districts

• Yet improving trends
• More research is in order

• Manchester, with Trafford and Salford, is leading
in the region, where socio-spatial inequities
are evident

• More efforts are required to share prosperity with
the deprived areas

Source: Authors.
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In SZ, policy measures are cascaded down from above and developed across the board
in different districts. Hence, the vision, goal and objectives are more generic, including
boosting economic competitiveness and facilitating public administration and social ser-
vices, and there is strength in developing the platform. In GM, smart initiatives are rolled
out to address strategic development issues at the city-region level. Conceptually, there
is a smarter integration of smart initiatives and the regional development strategy. Both
city-regions attach great importance to sustainability and hence alignment of the SDGs
is evident.

“Private” sector resources are important for both city-regions in rolling out smart
initiatives, though the pathways are rather different. In GM, while private investments
and business partnerships are important vehicles to push through smart city initiatives, the
local authorities direct the investment flow following the rules of the statutory planning
process, according to their priorities with marketing strategies. SZ seems to rely more on
state-owned enterprise and the roles of multi-level states in nurturing the private sector
and encouraging its growth. Have all these smart initiatives resulted in greater socio-
spatial sustainability in the two city-regions? Unfortunately, socio-spatial disparities can
still be found, though it seems to be improving in SZ and GM is working hard to rectify
the situation.

The spatial planning inspired framework is robust to audit if a city/city-region is
moving towards smart sustainability, as can be seen in the two dramatically different
case studies. Indeed, further studies are required to answer all the questions raised with
reference to the analytical framework. Nevertheless, the framework serves as a starting
point to highlight the importance of not only relating the genesis, processes and contents
of smart initiatives in a place to their sustainability outcomes, but also a need to integrate
such initiatives with territorial spatial planning and developments.
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