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Preface: Into the Maelstrom

We are writing a book on Smart Cities at a remarkable time in history. The Smart 
City idea has taken centre-stage in much of the urban agenda for the past 20 years. 
It expressed what people wanted from a modern city. It was a competition to see 
who the smartest city could be and, as we will assert, to a large degree it sapped the 
life and money out of the other deeper agendas of sustainability, climate resilience 
and regenerative design. But that has all changed, we are now in the maelstrom of 
creating a completely new kind of city.

An illustration of this can be provided before moving into the book in detail to 
more specifically engage with how the Smart City concept needs to be redefined. In 
Toronto a waterfront project called Quayside was put out to tender and the winner 
was a Smart City project called Sidewalk Toronto. The project set out to demon-
strate the ultimate in Smart City technology with a primary function of digital data 
collection to assist urban planning. However, the project stumbled because it was 
never clear how the data would be used for other than private benefit for the major 
corporation (Google) behind the development. As described by Bianca Wylie, the 
fundamental problem of this project is the Smart City model itself. She argues that 
the model is formulated because ‘corporations are seeking to exert influence on 
urban spaces and democratic governance (Wylie, 2018)’.

Strong opposition grew as the public had to assess the idea that Toronto was 
going to become a hub for an optimsed urban experience featuring robo-taxis, 
heated sidewalks, autonomous garbage collection and an extensive digital layer to 
monitor everything from street crossings to park bench usage. The ultimate Smart 
City was being proposed based on large increases in digital data capacity.

In the end, the project was abandoned, and an alternative proposal was generated 
that pushed other values than just being smart. The alternative featured ideas that 
included a much greater element of nature-positive wildness in its biophilic charac-
ter. In particular, it featured net zero outcomes. In an article called ‘Kill the Smart 
City’ from MIT Technology Review, Karrie Jacobs (2022) says ‘People are attracted 
to the messiness of a wild and diverse city…not to be quantified and controlled’. 
She continued ‘Smart city technology should improve transit and reduce carbon 
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emissions…so Quayside shows trees and greenery coming from every balcony with 
nary an autonomous vehicle or drone in sight’.

Figure 1 shows why it is a different kind of city that is being dramatised than the 
Smart City option originally considered. It is a battle of ideas that has clearly stated 
to the Smart City concept: you need to be redefined.

What is not explained in the MIT Technology Review article is that in order to 
achieve these goals there would need to be a very significant dependence on Smart 
City technology. The difference is that these technologies would be subservient to 
the broader environmental, social and climate values that must now be driving the 
development process.

This is the core idea of our book – we need the Smart City concept to be quickly 
redefined so it can help us solve the issues of sustainability, climate resilience and 
other major UN agendas suggested by the Sustainable Development Goals (SDGs). 
And to do this we need to use regenerative design.

We need to do this quickly because we have entered the maelstrom of post-
COVID-19 economic change and it needs a lot of help.

The website Climate 100+ contains all the finance companies now committed to 
only funding Net Zero projects and other SDGs. There is over $170 trillion that is 
committed to this cause in 2022 which although this was part of the Paris Agreement 
from 2015 it has only begun to accelerate since the post-COVID-19 rebuilding of 
the economy. As will be explained in this book, the Net Zero project in cities can 

Fig. 1  The concept for the Toronto Waterfront which killed off the Smart City concept previ-
ously awarded
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only be achieved if the parallel concept of Smart Cities is also being applied. This is 
detailed in the book, but the need for Net Zero is rapidly becoming a part of every 
facet of city life.

So why is it a maelstrom? The Climate 100+ website does not suggest that the 
world of finance knows all the answers, but it is motivated to see the changes in the 
next economy which have been talked about for too long, being started now. Thus, 
the website’s front page is a waterfall as in Fig. 2.

The image is suggesting that climate action may well have been growing faster 
over many years, like a slowly accelerating river, but now we are going over the 
edge into the maelstrom. Rapid change is happening, and no one is quite sure how 
to proceed. Money is flowing in unprecedented amounts into how to make our cities 
and regions decarbonised and there are no obvious manuals of how to proceed. This 
book is suggesting that we are indeed in a maelstrom of change but if we are to 
reach the quiet waters of the downstream economy, we will need to link Smart City 
technology into every part of the new green, Net Zero economy.

Although the Smart City concept has been a dominant factor in cities over the 
past two decades, it has never been seen by UN agencies as having any more legiti-
macy than a branding exercise and competition among big digital economy corpora-
tions. This has now begun to ease as its value in many UN agendas is growing and 
the opportunity is even more obviously mainstreaming due to Net Zero mandates 
and the other 17 Sustainable Development Goals which are always associated with 
any plans for the future. They are all beginning to see a new role for Smart City 
technology and systems. But Smart City providers – companies, city managers, and 
government funding agencies – need to see ways to design and procure the smart 

Fig. 2  The maelstrom of a waterfall symbolising what global investors suggest is the transition 
period we are entering
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technologies as an integrated part of the big agendas being set out by the UN and 
now being backed by Climate 100+ financiers.

The journey in this book is to show some of the history in how Smart City has 
grown as a concept and how it has been understood and misunderstood. How it 
became an agenda that substantially blocked the other big agendas of sustainability 
and climate resilience.

We suggest Smart City needs to be redefined and integrated into regenerative 
design to make its true message and value enabled, to guide us through the mael-
strom. We will set out what this can mean as we apply it to the UN’s big topics of 
sustainability and climate change and also economic development that enables 
inclusion, emphasising the critical role of Smart City technology in integrating solu-
tions into the delivery process.

We finalise the book by explaining how the emerging concept of regenerative 
design can help us more deeply understand how to get through the maelstrom. We 
suggest that the regenerative approach will enable us to position Smart Cities as a 
major part of the development agenda, in low- and high-income cities.

Perth, WA, Australia� Zaheer Allam  

 � Peter Newman  
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Chapter 1
Unveiling the Smart City:  
How Smart Is It?

Abstract  The emerging concept of Smart Cities brings about promises of increased 
efficiency and performance of urban areas through the use of specialised digital 
technology. With an aim to promote innovation, this is prompting a wide adoption 
in high- and low-income economies as most countries embark on strategies to use 
the concept to boost foreign investment and financial confidence and to showcase 
national innovation. However, as the demand for the technology inherent in Smart 
Cities booms, questions arise as to whether the concept is promoted primarily by 
ICT corporations driven by profit-making and merely equates supply with demand 
without any other fundamental values for creating a better future. We suggest that 
Smart City technology needs to be driven by these deeper values and be integrated 
into delivery of solutions to multiple local and global needs. This chapter explores 
this conundrum and showcases the need for tailored solutions rather than “off-the-
shelf” technology, as is mostly offered by ICT corporations, and outlines how 
deeper values as set out through UN processes about sustainability and climate 
resilience are now essential components of how Smart City is imagined. It also 
introduces the concept of regenerative design that will be needed to guide how 
Smart City technology is procured and delivered in the future as an integrated 
approach to the future city.

1.1 � Introduction

The Smart City concept has gained traction and support throughout the world and is 
now considered as a global phenomenon. The concept only started around 1997, as 
advanced by Graham and Aurigi (1997). Before this, scientists and engineers from 
different parts of the world are documented to have only been simulating virtual 
cities, mirroring most of the concepts known to be associated with today’s Smart 
City concepts. Anthopoulos (2017) supports that this drive to run simulations to 
further explore alternative solutions was driven by factors like lack of green spaces, 
violence and insecurity and perceived reduced civil interactions, among others. 
Such simulation of virtual cities was enabled by the World Wide Web (WWW) and 
the spread of Internet such that people could make use of devices to interact 
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virtually. Those advances, through the virtual city concept, helped to steer transfor-
mation toward a digitally oriented city, as advanced by van den Besselaar and 
Beckers (1998), and unlike the virtual city, it was seen to promote the need for space 
to enable social and human interaction, and since the idea was actualized via the 
Internet, it provided the opportunity for an increased interaction beyond the limita-
tions of physical locality. The virtual and digital city concepts were furthered with 
the integration of urban management centres in the form of digital platforms for 
local administration and for citizens to interact, especially for information collec-
tion and sharing. Anthopoulos (2017) suggests that promoters of these two concepts 
that are akin to today’s Smart Cities perceived urban spaces as interlinked ‘islands 
of communities’ that provided those living in them the opportunities to benefit from 
services and information accessed via the Internet. Ishida (2017) suggests that the 
concept of digital city was launched in Kyoto in 1998 and provided the opportunity 
for human interactions to be captured via cameras and simulations that were pro-
jected in the form of animations resulting in 2D and 3D virtual spaces.

Other terminologies have been used over the years that can be viewed to have 
helped create the Smart City concept. Such terminologies like the information city, 
ubiquitous city and intelligent city have been, in one way or the other, used to 
describe a city that incorporates the power of information communication technol-
ogy (ICT) in its core activity. Anttiroiko et al. (2014) believe that the practice of 
Smart Cities initially started as the virtual city, which has been developed in a more 
sophisticated manner.

The range of technologies that today are associated with a more sophisticated 
and complex idea of Smart Cities have emerged from ICT technologies and consist 
of Internet of Things (IoT), big data, crowdsourcing, machine learning, artificial 
intelligence, digital twins, mobile connectivity (e.g. 4G and 5G) and blockchain 
technologies, among others (Allam 2018a, c; Allam and Dhunny 2019; Huiling and 
Goh 2017). Sepasgozar et al. (2018) claim that these technologies have become the 
cornerstone of Smart Cities since they offer platforms for installation of ‘smart’ 
components and infrastructures and offer systems that allow for real-time collection 
of big data and analysis of the same. The different varieties and increasing quantity 
of smart devices and sensors installed in cities, coupled with the advancement in 
social networks provided by ICT, allow city managers and other stakeholders to 
gather, analyse and react to emergent data. Thus, real-time action can be analysed to 
enable better efficiency, speed, scalability and flexibility in almost any kind of urban 
activity.

It is not surprising then to see that these ‘smart’ technologies could or even 
should play a significant role in transforming the design, planning and management 
of urban life, especially in addressing issues related to healthcare, traffic, communi-
cation, environmental sustainability and economic growth. These issues have occu-
pied us for most of the past decade as we tried to define whether Smart City was 
doing all that it promised or whether it needed to be redefined (Allam 2018b; Allam 
and Jones 2018a, b; Allam and Newman 2018a; Khan et al. 2017).

Despite the notable benefits and promises of the Smart City concept, there are 
some reservations demonstrated by both individuals and organisations, like the 
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United Nations (UN) (Allam 2018a; Allam and Newman 2018b). It is important to 
see that the response by the UN to this concept has been very guarded. The global 
debate about future cities has many dimensions and contributors, and there was 
much written about the importance of the United Nations Sustainable Development 
Goals for 2015–2030, which now include an urban goal SDG11: ‘inclusive, safe, 
resilient and sustainable cities’. This goal (SDG11) has 10 targets and 14 indicators, 
but it is of interest that in all these words about what cities need to do, none are say-
ing that we should have Smart Cities, despite the increasing use of the term. The 
reason apparently is that Smart Cities are seen to be essentially a branding war 
between different multinational corporations in the ICT space. In a 2016 report by 
the Economic and Social Council (ECOSOC) of the UN (United Nations 2016), 
these reservations are pronounced. The report acknowledges that the Smart City 
concept has the potential to address issues related to urbanization trends and to help 
in achieving the Sustainable Development Goals (SDGs), but it raises some con-
cerns. The challenges are seen to be tied to the implementation of the concept and 
include (1) localisation of smart infrastructures, (2) lack of skilled labour, (3) financ-
ing challenges, (4) application of a suitable governance model and (5) the challenge 
of inclusion. The report is particularly critical of the lack of inclusive models in the 
delivery of the Smart City.

Most critics of Smart City strategies that are being proposed are seen as being 
borrowed from other geographical locations and areas where the programs have 
apparently been successful; hence, they fail to address the local development chal-
lenges. By failing to integrate local solutions to Smart City programs, issues like 
security and privacy concerns become prominent, and social inequality is deemed to 
increase. For instance, despite the increased adoption of Smart City concepts in dif-
ferent geographies, cases of homelessness have been on the rise (Bezgrebelna et al. 
2021). Such are attributed to factors like gentrification, prompted by impacts of 
application of ‘smart’ technologies in cities, making cost of living untenable for 
most of the residents (Wilhelmsson et al. 2021).

Though the concerns by the UN and others like Yigitcanlar et al. (2018), Mosenia 
and Jha (2017) and Alomair and Poovendran (2014) are valid and demand attention, 
the concept of Smart City is still very popular, and we too believe it has considerable 
potential (Allam and Newman 2018b; Braun et al. 2018). However, there is a par-
ticular need to redefine Smart City to enable it to reach its full potential.

The solution, as set out in this book, is for cities to take the goal, targets and 
indicators and see how they fit the kind of technological opportunities that are 
emerging as the Smart City. Perhaps in this way, the Smart City can be revised into 
being more than an economic tool in the tradition of modernist systems of change 
and rather stand as an accelerator for ‘inclusive, safe, resilient and sustainable 
cities’.

1.1  Introduction
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1.2 � The Adoption of Smart Cities

Even though Smart Cities are well used in popular and academic literature, a proper 
definition is still debatable (Albino et al. 2015; Chourabi et al. 2012). Table 1.1 sets 
out six definitions based mostly on the reviews done by Chourabi et al. (2012) and 
Cocchia (2014). Often the definitions are just what a ‘good’ city should be while 
others emphasise technology.

What is universally agreed is the potential use of the concept to solve numerous 
urban challenges where data analysis could help. However, numerous stakeholders 
have capitalised on the concept as a branding tool to encourage an increased adop-
tion by numerous cities, especially for surveillance and security purposes. The per-
ceived popularity of ‘Smart Cities’ in contrast to its less favourable counterparts like 
‘sustainable cities’ and ‘resilient cities’ is probably because the proponents of smart 
technologies are not seriously addressing the issues of resilience and sustainability. 
This book seeks to address that issue.

The term sustainable cities emerged with the need for cities to address sustain-
able development (Satterthwaite 1997), while ‘resilient cities’ emerged with the 
question of planners and designers of how to quickly and efficiently recover from 
urban perturbations, often linked with climate change (Vale 2014). A comparative 
analysis (Fig. 1.1) of the terms ‘Smart Cities’, ‘sustainable cities’ and ‘resilient cit-
ies’ (Google 2018a, b) shows that the term sustainable cities was more popular until 
late 2010. Following this, the term Smart Cities emerged as most popular. In August 
2015, the terms ‘resilient cities’ was factored at 3% and ‘sustainable cities’ at 5% in 
comparison with the popularity of ‘Smart Cities’, which was at its peak. This trend 
underlines questions as to how Smart Cities gained popularity as opposed to its 
counterparts.

Cocchia (2014) suggests that the keywords smart, intelligent, knowledgeable, 
sustainable, digital and ubiquitous have often been associated with cities that have 
embraced the use of ICT to address various urban issues. Those are in turn made to 
appear and have evoked a sense of ‘modernity’ which most cities, particularly low-
income and emerging economy cities, aim to achieve. Beside the catchy keywords, 
the associated technologies that render improved urban fabrics provide an aura of 
modernity through order and synchronicity. Issues like traffic, housing, water and 
energy provision, security and the environment are thus possible to be addressed in 
this kind of branding. Those can even be made to positively impact on branding 
through cultural and artistic dimensions of cities and improve on its infrastructure, 
all with an aim of improving a societal sense of belonging (Allam 2018b). To et al. 
(2018) show this very clearly by asserting that smart infrastructures as included in 
high rise buildings, transportation routes, recreation centres and street lighting proj-
ects are not only proposed to make cities ‘smarter’ but are designed in such a way 
that they embrace ‘modernity’, which in turn helps to improve urban economic 
status. For instance, it has been noted that cities such as Singapore, Tokyo, Barcelona, 
Amsterdam and Copenhagen, among many others, have improved on their attrac-
tion by adopting the Smart City concepts (Gascó-Hernandez 2018; Joss et al. 2019; 
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Table 1.1  Proposed definitions of Smart City adapted from Chourabi et  al. (2012) and 
Cocchia (2014)

Author/s Definition

Giffinger et al. 
(2007)

A city well performing in a forward-looking way in economy, people, 
governance, mobility, environment, and living, built on the smart 
combination of endowments and activities of self-decisive, independent 
and aware citizens

Hollands (2008) A city that monitors and integrates conditions of all of its critical 
infrastructures, including roads, bridges, tunnels, rails, subways, airports, 
seaports, communications, water, power, even major buildings, can better 
optimize its resources, plan its preventive maintenance activities, and 
monitor security aspects while maximizing services to its citizens

Harrison et al. 
(2010)

A city ‘connecting the physical infrastructure, the IT infrastructure, the 
social infrastructure, and the business infrastructure to leverage the 
collective intelligence of the city’

Natural Resources 
Defense Council 
(2018)

A city striving to make itself ‘smarter’ (more efficient, sustainable, 
equitable, and livable)

Toppeta (2010) A city ‘combining ICT and Web 2.0 technology with other organizational, 
design and planning efforts to dematerialize and speed up bureaucratic 
processes and help to identify new, innovative solutions to city management 
complexity, in order to improve sustainability and liveability’

Washburn et al. 
(2009)

‘The use of smart computing technologies to make the critical infrastructure 
components and services of a city––Which include city administration, 
education, healthcare, public safety, real estate, transportation, and 
utilities––More intelligent, interconnected, and efficient’

Setis-Eu (Cited in 
Cocchia 2014)

‘Smart City is a city in which it can combine technologies as diverse as 
water recycling, advanced energy grids and mobile communications in 
order to reduce environmental impact and to offer its citizens better lives’

Dameri (2012) ‘A Smart City is a well-defined geographical area, in which high 
technologies such as ICT, logistic, energy production, and so on, cooperate 
to create benefits for citizens in terms of well-being, inclusion and 
participation, environmental quality, intelligent development; it is governed 
by a well-defined pool of subjects, able to state the rules and policy for the 
city government and development’

Northstream 
(2010)

‘Concept of a Smart City where citizens, objects, utilities, etc., connect in a 
seamless manner using ubiquitous technologies, so as to significantly 
enhance the living experience in twenty-first century urban environments’

Hall et al. (2000) ‘A city that monitors and integrates conditions of all of its critical 
infrastructures, including roads, bridges, tunnels, rails, subways, airports, 
seaports, communications, water, power, even major buildings, can better 
optimize its resources, plan its preventive maintenance activities, and 
monitor security aspects while maximizing services to its citizens’

Su et al. (2011) ‘Smart City is the product of Digital City combined with the internet of 
things’

IBM (2010) ‘Smart City is defined by IBM as the use of information and 
communication technology to sense, analyze and integrate the key 
information of core systems in running cities’

California Institute 
(2001 cited in 
Cocchia (2014 
#287))

‘A smart community is a community that has made a conscious effort to 
use information technology to transform life and work within its region in 
significant and fundamental rather than incremental ways’

1.2  The Adoption of Smart Cities
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Fig. 1.1  Number of searches for three types of cities worldwide. (Google 2018a, b)

Rohaidi 2018; McKinsey & Company 2018a, b). Interestingly, a majority of these 
cities have managed to include sustainable development agendas which also helps 
in improving economic growth, as advanced by Trindada et al. (2017). But they are 
an afterthought, not the mainstream purpose which is to assert that digital data 
capacity can solve most problems.

The concept of Smart Cities has been gaining momentum around the world as set 
out in Figs. 1.2 and 1.3 though, as Fig. 1.2 suggests that it may have peaked in 2015.

The popularity of Smart Cities projects and programs has been mushrooming 
across the globe, such as in India, China, UAE, South Korea and even in small 
island developing states like Mauritius (Datta 2015; Glasmeier and Nebiolo 2016; 
Nam and Pardo 2011; Allam 2017; Kitchin 2014). Data from 2004 to 2018 was 
sourced from Google Trends (Trends 2018), and the y-axis on both Figs. 1.1 and 1.2 
highlights the popularity (ranging from 0 to 100). A study of the term ‘Smart Cities’ 
surprisingly highlights that Smart Cities are most popular in Mauritius (Fig. 1.3), 
and a case study on these Smart Cities is presented below.

Kolotouchkina and Seisdedos (2017) explain that cities such as Songdo in South 
Korea and Masdar in Abu Dhabi, among others, have managed to tap into the per-
ceived status of Smart Cities to rebrand their cities as attractive destinations based 
on place-branding strategies. However, over time, those have been unable to fulfil 
their original branding as eco-cities or Smart Cities. Smart city branding has been 
sought by many cities from low-income and emerging economies. Mancebo (2020) 
further suggests that the Smart City concept has become a successful branding tool 
that has allowed cities to maintain a competitive edge while highlighting their poten-
tial technological throughputs. Sofeska (2017) contends that this branding is 
advanced by the adoption of seemingly high-tech strategies aimed at the improvement 
of resilience and liveability status of cities, for the aim to rank higher in liveability 
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Fig. 1.3  Countries with most searches for Smart Cities between 2004 and 2018. (Source: Google 
Trends Explore)

status indexes. But there is little obvious direction as to how digital data capacity 
can actually do that in any of their strategies.

At the centre of this branding is the use of big data, automation and other tech-
nological advancements that are now synonymous with Smart Cities (Allam and 
Dhunny 2019). The data generated by the numerous and diverse number of installed 
‘smart’ components across a range of networks are generally hoped to interact 
between each other. Indeed, technologies such as IoT (Bruneo et al. 2019; Bibri 
2018), machine learning, cloud computing and even blockchain technologies 
(Barkham et al. 2018; Souza et al. 2016) can allow Smart Cities to automate different 
aspects of urban life in a coherent way, but these technological options must be 
given policy and strategic direction. The associated employment opportunities that 
have come from each of those smart technologies is used to further support its 
branding strategies but the ability to show each of these technologies can enable 
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outcomes addressing the big UN agendas of sustainability, climate change eco-
nomic development and inclusion, are rarely provided.

Huertas et al. (2021) dwell on the role of technologies and their applications to 
Smart City models in reinventing the character of different cities. They acknowl-
edge that most cities, faced with the devastating impacts of climate change, have 
adopted strategies to optimize the use of resources and to better engage with dimen-
sions of environmental sustainability, but they suggest no clear link to how these 
Smart City models can actually achieve this.

By using such technologies like big data analytics to improve areas that can posi-
tively impact on local economies and security, cities have managed to rebrand and 
reposition themselves to attract a wider global audience, which translates into 
increased visitors. This is captured in a report by Mastercard (2017) that found out 
that the most advanced Smart Cities are those with a diverse and multitude of smart 
components and smart systems in place, aimed to attract a large number of visitors 
and in aiding the management of urban areas. This is seen as increasingly important 
for urban policy makers as visitors contribute to a sizeable revenue from the con-
suming of different services and products on offer. The technologies work at 
enabling specific local areas to be branded as ‘modern’ and ‘safe’. But is this enough?

The place-branding strategy that a majority of Smart Cities have embarked on to 
position themselves for economic development has allowed many cities, even those 
with low incomes, to make use of technology to create employment and enhance 
urban management, performance and efficiency. They hint that this may help with 
all their other problems, but in reality, they don’t know how to do it. So, the world 
has witnessed the proliferation of Smart Cities, even in remote areas where the con-
cept looks disparate and unnecessary. An annual report by Berrone and Ricart 
(2018) released in 2018 captures 165 Smart Cities worldwide, but a good score of 
them, as admitted in the report, has not been included in their analysis.

McKinsey and Company (2018a, b) suggested that the number of Smart Cities is 
set to continue to rise as technological advancements take shape. This book will 
show that unless the Smart City technology is made part of the bigger UN agendas, 
there will not be much further expansion. We believe that Smart City as a branding 
exercise for digital data capacity needs to diminish and the big agendas need to 
drive the future of cities. But we will also show that Smart City will be an essential 
part of that bigger agenda.

1.3 � Smart Cities as a Profitable Venture

The discourse about the Smart City concept being used as a branding tool aimed at 
promoting economic growth through the technologies associated with it suggests 
that this demand is an incredibly profitable venture. McKinsey and Company 
(2018a, b) do show that most Smart City programs are powered by components, 
systems, organisations, businesses and individuals who aim to benefit financially 
from these undertakings. This is affirmed by Richter et al. (2015) who argue that 
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even though small local entrepreneurs have failed to capitalize on the concept of 
Smart Cities, large corporations are investing massively in both development and 
branding of Smart City. The same argument is advanced by Taylor (2014), from 
CISCO, who shares how service providers can tap into the concept of Smart Cities 
to increase economic throughput from the provision of a wide and diverse array of 
‘smart’ products and services.

This profit-seeking drive however can be made to the detriment of the end users. 
They can be delivered as unfair economic models that marginalize the big issues 
from the UN about sustainability and climate change. An example is from the trans-
portation sector where companies such as Uber and Google capitalize on the 
improvement of public infrastructure (aided by public taxpayers) to improve their 
private profit targets. Large corporations such as IBM and Cisco have been in the 
forefront of such technologies and have made substantial profit and built their repu-
tation from the sale of hardware, software and digital services, platforms and solu-
tions. Their positioning have earned them the opportunities to services cities such as 
Rio, Barcelona, Kansas and others in countries that have national Smart City agen-
das like China and India (McKinsey & Company 2018a, b). However, at no stage 
have these projects linked in with strategies to increase electrification of transport or 
to provide solar energy as the fuel.

Other large companies like Google, ABB, General Electric, Ingersoll Rand, 
Siemens AG, Hitachi Ltd., Huawei Technologies Co. Ltd., Koninklijke Philips and 
Microsoft (Mordor Intelligence 2018) are also among the tech innovators and pro-
viders of Smart City technologies particularly on artificial intelligence (AI). None 
of these stand out as leaders in sustainability and climate mitigation, but they could 
have used this technology to help drive those options.

The Smart City approach to solving urbanisation issues is not a stand-alone con-
cept and is backed and supported by corporates with substantial financial resources 
(Allam 2018b, c). There is thus a highly competitive market where companies com-
pete to tap into this profitable market without needing to drive the technologies 
further into these broader issues. Perhaps the drop in the branding of Smart Cities 
could be an opportunity to do what they always should have been doing – helping 
the world’s cities become more inclusive, sustainable and climate resilient.

In an analysis carried out by Navigant (2018), the two main leaders in Smart City 
work are Cisco and Siemens which are closely followed by a set of contenders 
including IBM, Hitachi, Microsoft, GE, Schneider Electric and Bosch, among oth-
ers (Fig.  1.4) (Navigant 2018). Sadowski (2016) also warns about the potential 
agenda of Smart City corporations in supporting a stand-alone profit-making agenda 
through the implementation of Smart City solutions. These commentators suggest 
that if cities invest in these corporations as part of their branding exercise rather than 
investing based on the values and visions derived from participatory approaches to 
governance as outlined by Nam and Pardo (2011), then smart technology may sim-
ply be wasted investment.

The attractiveness of the Smart City concept that seems to make large corpora-
tions seek to be associated with it is its market capitalization which has been rising 
as more cities were adopting the concept and its technologies. This has been 
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Fig. 1.4  Leader board of Smart City suppliers. (Navigant 2018; IMARC 2021)

expected to continue increasing, and it has been explained that, by 2025, the Smart 
City global market value will exceed its current value of $882.3 billion to above 
$2.5 trillion by 2027. In Europe alone, the report records that this concept will have 
the capacity to generate an annual revenue of over $120 billion from the current 
$50 billion. The Asian region will be the most active region in terms of implementa-
tion of the Smart City concept and is expected to drive substantial revenue generation.

The impressive revenue flow from Smart City projects is however seen, in the 
short term, to profit mainly corporations rather than cities. The reason is that the 
amount of investment required is deemed substantial and on the other side the return 
of investment is lengthy if linear business reporting is exercised. For instance, a 
report by Fishman and Flynn (2018) highlights that only approximately 16% of 
Smart City projects are self-funded, highlighting that a majority of the remaining 
percentage are funded via public-private partnerships (PPPs). Though this is among 
the potent alternatives to the financing of Smart City infrastructures and other big-
ger projects with wider value, numerous tax incentives are often further sought to 
encourage investment (Allam et al. 2018; Allam and Newman 2018a). A majority of 
Smart City initiatives are not meant for direct revenue generation but are meant to 
boost systems and operations that would in turn promote bigger goals of economic 
growth, security, resilience and sustainability. It is these bigger goals that draw 
funding and support from the public sector in cities and other levels of government 
to create these PPPs. The broader goals provide a conducive environment for 
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associated revenue generating programs to be initiated. But do they actually deliver 
on those broader goals?

1.4 � The Market Monopoly of Smart City Technology

A substantial number of large corporations have been positioning themselves for 
economic gains in the Smart City implementation arena. The race to gain competi-
tive advantage in the provision of services, products, solutions and partnerships is 
apparent as depicted in Fig. 1.2. The competition is driven by the fact that numerous 
Smart City products like software, hardware, systems and expertise are required, but 
a majority of cities are not in a position to develop, install and maintain such prod-
ucts. Therefore, they contract and procure the services of corporations with capac-
ity, both in terms of finances, skilled manpower and resources to install them on 
their behalf. As noted above, most Smart City projects are delivered by the adoption 
of PPP financing models; therefore, the winning corporation, or consortium, may 
have to incur almost all the cost, but in the long run, the endeavour becomes lucra-
tive since they remain as the provider for the services, provision and maintenance of 
products and networks. This is even after the duration of contracts as most cities do 
not have the capacity for data gathering and analytics, installation and repair of 
smart components and/or running and maintaining systems (Calzada 2018).

This explains why large corporations invest heavily in research and development 
(R&D), developing patents and branding propriety technologies. This competition 
can be however detrimental to progress on broader goals for cities. As Yigitcanlar 
et al. (2018) decry, the core reason that prevents the actualization of a city’s broader 
goals through the Smart City concept is the lack of standardisation of protocols and 
standards such that different Smart City components can interact with each other 
seamlessly. This confusion of technologies is not unusual in the history of cities as 
particular firms try to emphasise their specific capabilities rather than emphasise 
their value in integrated problem-solving. By adopting an isolated networking 
architecture, protocol and system, it means that small and local companies are shut 
out of the Smart City process. The change to a more inclusive and integrated set of 
technologies could easily open the Smart City system at any point to small and local 
firms. However, this would disrupt the market share and control of the large corpo-
rations. Jawhar et al. (2018) affirm this argument by showing how difficult it is to 
integrate services in Smart Cities for easy coordination and control. They argue that 
currently, most Smart Cities consist of such technologies like cyber physical sys-
tems (CPS), IoT, wireless sensors networks (WSNs) and cloud computing which 
are controlled by different corporations from a long distance away.

Zhang et  al. (2016) delved into finding solutions for how the standardisation 
could be done and even proposed a framework that could be adopted to achieve col-
laboration, but the adoption of such options remains extremely untenable. Espada 
et al. (2019) also expressed the need for collaboration to these ends, but it is evident 
that this has not been achieved with competition being the reason behind the slow 
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pace in finding a uniform protocol for similar services. Another argument is that 
with the heavy investment in R&D, large corporations are able to provide services 
and products at competing prices since their production and maintenance cost are 
greatly reduced. For smaller companies, offering such services or products at com-
petitive prices would be difficult since in most cases, their operational costs are rela-
tively higher.

Besides the above difficulties of harmonizing networking architecture and proto-
cols, large corporations are also engaged in aggressive marketing campaigns aimed 
at promoting the concept of Smart City. Hollands (2015) outlines the motive behind 
this is profit-making, especially noting that ICT and digital connectivity are the 
main drivers of Smart Cities. He explains that by doing this, a sizeable number of 
cities fall prey to such corporations rather than utilising small and local companies, 
as large companies align themselves with the demands for development and imple-
mentation of the concept with quick turnaround times, even though the solutions are 
not contextualised. Similarly, Smart City campaigns are designed to evoke the sense 
of being left behind among cities that are not yet ‘smart’, and since the implementa-
tion of these projects is expensive, cities end up partnering with the large companies 
so controlling the entire project from design, development and implementation, 
operations and maintenance. By so doing, local companies and start-ups cannot 
match the technical and financial muscle of their larger competitors. This also can 
lead to issues of intellectual property of data and privacy concerns (Zoonen 2016).

Van Winden and van den Buuse (2017) acknowledge that large organisations are 
able to engage in larger projects since they usually have pilot programs which can 
be replicated in other localities when required. How the gap in market monopoly 
can be bridged is an interesting and complex issue that is explored later on in this 
book. An obvious intervention is the provision of incentives and support especially 
in pilot Smart City projects. This will provide small companies with financial capac-
ity and exposure to train their staff and gain confidence to participate in larger proj-
ects. The incentives could be in the form of financial support, especially providing 
opportunities for the companies to secure loans and other support at reasonable 
rates, offering tax holidays, exemptions and the provision of domestic company 
protection mechanisms (Allam 2018a; Allam and Newman 2018a). Since most 
small projects and pilot projects are run by local municipalities and local players, 
Söderström et al. (2014) explain that small companies could gain experience by tap-
ping into implementation opportunities, hence gaining confidence to transfer knowl-
edge to larger projects when called upon.

1.5 � Contextualising Smart City Technology

Van Winden and van den Buuse (2017) have demonstrated that the success of large 
corporations in implementing Smart City projects can be credited to their ability to 
perform numerous pilot projects and engage in intensive R&D on the best practices. 
They are able to offer technological solutions in the form of ‘off-the-shelf’ products 
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that are easy and quick to implement. Nevertheless, evidence have shown such 
approaches of sourcing for ‘off-the-shelf’ solutions are not always the best, espe-
cially in providing optimal performance in complex and unique environments. The 
solutions are packaged in such a way that they seem to be able to address an array 
of issues that are common in most cities but often they miss the subtle differences 
of culture and place. Caird and Hallett (2018) explain that though there has been an 
increase in activities by the International Organization for Standardization (ISO), 
aimed at ensuring availability of standardised Smart City measurements, Smart City 
solutions are being promoted without showing that in fact they are not always com-
patible, scalable and replicable in a way that local areas can manage. For instance, 
Allam (2020) highlight that, in the case of privacy and security of Smart Cities, 
though there is a standardisation of techniques such as encryption, authentication 
and anonymity standards, among others, hackers from different regions find ways to 
navigate past these measures and compromise the security of systems and networks.

Bosch et al. (2017) suggest that there are many salient and unique issues synony-
mous with each city that render the cloning of such technological solutions as 
impractical. Chamoso et al. (2018) add that the customisation of technologies is not 
always easy since a majority of them do not provide high-level services that would 
allow developers to encapsulate the local needs coupled with cultural requirements. 
McKinsey and Company (2018a, b) further believe that off-the-shelf technological 
solutions are in most cases developed with the exclusion of stakeholders like soci-
ologists, urbanists and other experts that have a key understanding of issues that 
confront cities and city fabrics. In addition, Bosch et al. (2017) argue that urban 
dwellers, who are the ultimate consumers of the Smart City technologies, are also 
not factored in, and this results in a bigger challenge once the project is imple-
mented using such technologies. The result is a growing lack of acceptance of the 
concept from urban dwellers other than elites though these also can be bypassed as 
the Toronto example suggests, as set out in the Preface. Hamilton and Zhu (2018) 
argue that as issues of privacy and security emerge, citizens become reluctant to 
contribute to data sharing or in decision-making that relates to the city and how it 
ought to be managed. Berntzen et al. (2016) suggest that this trend results in diffi-
cult collaboration between policy makers, urban dwellers and other stakeholders in 
issues like smart waste management, optimal use of resources and adoption of other 
sustainability practices aimed at making the Smart City concept a reality in ways 
that benefit everyone (Newman 2020).

Costs associated with addressing localised issues related to privacy and security 
are noted to be expensive but necessary. The rise in cost is associated with the fact 
that it is not easy to customise ‘smart’ technologies to fit local needs, hence ensuring 
the role of technology developers long after a project’s life cycle. Where customisa-
tion is possible, it has been argued that it becomes even more expensive as tailoring 
an off-the-shelf solution represents a considerable cost (Chêne 2009). On the other 
side, if the technological software is customisable with harmonised protocols in 
place, the operation and maintenance services could be left in the hands of small and 
local companies that would use local talent and resources, resulting in more com-
petitive fees than large corporations. With an off-the-shelf solution, it may 

1.5  Contextualising Smart City Technology



14

sometimes become hard to find a financier (Julian et al. 2015), especially in the case 
of PPP financial models as most financiers and developers would prefer to support 
a project that addresses the societal and cultural challenges in particular places, 
especially in cities, so as to ensure a direct influence and control.

To remain true to the purpose of adopting the Smart City technologies, Smart 
City solutions must be tailored and contextualised. This entails the engagement of 
various stakeholders when formulating policies, guidelines, designs and implemen-
tation strategies of the Smart City concept (Tomson 2017). Pereira et  al. (2017) 
support that this is bound to allow for the seamless sharing of information enabled 
by increased collaboration between the municipalities, higher levels of government 
and engagement of community and other stakeholders. Through collaboration, the 
Smart City model and resulting technology can be adopted to provide customised 
local solutions. This can boost stakeholders’ participation and confidence which is 
an essential ingredient in the success of a Smart City project. With tailored and 
contextualised solutions, local and small companies that understand the local chal-
lenges have the potential to participate in the implementation of projects, by being 
directly involved or in offering technical support. Similarly, urban dwellers would 
get the opportunity to secure employment opportunities as local businesses grow 
and new ones focusing on regeneration of all elements of the city emerge.

1.6 � Redefining Smart Cities

The Smart City concept has demonstrated that it is a useful driver of urban change 
but that it lacks local contextualisation. Indeed, the concept of Smart City has 
largely created a fog about the issues of sustainability and climate resilience because 
it has suggested that these will somehow be addressed through the acquisition of 
digital data capacity. As will be shown in later chapters, it has probably been the 
most significant paradigm for much urban activity that has emerged out of the 
knowledge economy and its associated digital technology. But it is not a paradigm 
that can truly stand by itself as it is lacking inherent values for environmental, social 
and economic gain. ‘Smart for what?’ is constantly being raised now.

The illustration of the Toronto, a waterfront project quayside in the Preface, is 
highly symbolic on why Smart City is declining as a driving idea for cities. This is 
especially now that the post-COVID-19 economic agenda for cities needs financing 
and the Climate 100+ agenda is net zero with associated support of SDGs.

The key ideas in this next agenda of sustainability, climate resilience and inclu-
sive economic development need all the help they can get, and this must include 
Smart City systems. The core of these net zero technologies are solar, batteries and 
electric vehicles, as well as the associated technologies of circular economy, 
resource efficiency and biophilic urbanism. These are best delivered at small-scale, 
local levels (Newman 2020; Green and Newman 2022). Thus, rebuilding the new 
economy will need a different economic model that makes the best of these 

1  Unveiling the Smart City: How Smart Is It?



15

technologies through much more local and contextualised development. This is 
much more able to then integrate the broader UN SDGs along with the net zero 
targets.

1.6.1 � So Where Does Smart Cities Sit in This 
Emerging Economy?

In order to achieve these goals, there will need to be a growing and very significant 
utilisation of Smart City technology. The difference is that these technologies must 
be integrated into the broader environmental, social and climate values that must 
now be driving the development process. This must occur from the inception of 
projects whether they be from the Smart City private companies or the increasingly 
active public and private projects set up for net zero outcomes. Both of these sys-
tems can no longer be left in a silo that promises much but cannot deliver by itself. 
They need each other especially in the present dispensation where the impacts of 
COVID-19 coupled with the ongoing conflicts between Russia and Ukraine might 
prompt an increase in unsustainable practices. As such, it would be critical to rede-
fine the Smart City programs to ensure they are not anchored, or dependent, on 
nonrenewable practices such as use of nonrenewable energies, as countries seek to 
stabilise their economies as well as shift their attention from traditional sup-
ply chains.

1.7 � Conclusion

The Smart City is seen as being driven by ICT corporations looking to engage in a 
profit-making industry. The lack of harmonisation between the Smart City propo-
nents has not only been making it harder for smaller, local companies to tap into 
established networks, but the competitive nature of the process has led to market 
monopolies that are now seen as driving the Smart City agenda, rather than any need 
to solve local and global problems. This can lead to economic disparities that can 
impact negatively on the urban social fabric. The need for contextualised technolo-
gies that feed into and drive the Smart City models is thus seen as paramount to 
ensure increased sustainability, resilience, economic development and inclusive 
dimensions. The reaction may be setting in as demonstrated in Toronto that we must 
‘kill’ the Smart City. Or perhaps we can redesign the Smart City to enable it to find 
the deeper values of regenerative development that are emerging as the guiding next 
generation of urban planning. The other chapters will help explain this further.
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Chapter 2
Smart Cities and Sustainability: How 
Smart City Helps with Sustainability

Abstract  The challenges and impacts from rapid urbanisation coupled with the 
impacts of climate change and other global planetary boundary issues are prompt-
ing cities to take urgent action toward safeguarding the sustainability of the urban 
fabric – reducing environmental and social impacts while improving liveability. The 
advent of sustainability-oriented technology is being recognised as having a pre-
dominant role in this process. However, these solutions are often claimed as part of 
the Smart City technology arsenal when often they have little to do with digital data 
systems. Thus, the agenda of Smart Cities in the past has claimed digital technology 
upgrades will automatically help solve sustainability problems; however, the simple 
provision of more digital capacity does not necessarily mean this will happen. New 
approaches to sustainability where smart systems are made an integrated part of the 
metabolism of cities can provide solutions that also can lead to increased liveabil-
ity levels.

2.1 � Introduction

There are nine planetary boundaries identified that nations and cities need to address 
(Steffen et al. 2015). Cities are able to address most of these through their energy, 
water, transport, industry and waste systems with various scales of action (Meyer 
and Newman 2020). Perhaps the biggest of the boundaries and certainly the one 
attracting the most attention in the 2020s is climate change.

The impacts of climate change are now urgent as highlighted by the recent report 
of the IPCC (IPCC 2018), and the role of cities in this process is apparent 
(International Energy Agency 2017a, b). The IPCC reports highlight that a global 
warming of 1.5 °C above preindustrial levels would have devastating consequences 
on the entire global ecosystem and human activities are responsible for an increase 
in temperatures by between 0.8 and 1.2 °C. If mitigation measures are not hastily 
implemented, by 2030 and beyond, the rise would increase from 1.5 to 2 °C and 
beyond (almost 3.5 °C) (IPCC 2022), and the consequences will be dire. With the 
rise of 0.8 °C, it is reported that the global sea level has risen by approximately 
1.7 cm, and this would continue to increase in tandem to increase in temperatures. 
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The World Bank (2010) projected that such increases in temperature would lead to 
a permanent GDP reduction of between 4% and 5% in South Asian and African 
countries.

The need to address climate change is addressed in more detail in the next chap-
ter. Here we want to show how cities need to be understood as systems that not only 
create wealth and liveability, but they are like natural system metabolism, convert-
ing resources like energy, water and materials into urban fabric but at the same time 
inevitably creating waste that must be dealt with; otherwise, it has global and local 
impacts. Sustainability in cities can be framed as ‘reducing the resources, reducing 
the wastes and increasing the liveability at the same time’ (Newman and Kenworthy 
1999b). In this chapter, we will examine the growing lists of issues on the agenda of 
sustainability in the local and global arena, how this can be applied to cities using 
the metabolism approach and how smart systems can be used to assist in delivering 
more sustainable cities.

2.2 � Sustainability Issues in Cities

Cities, as is any given economy, are the engines of economic growth (Collier et al. 
2018). Mitra and Mehta (2011) and the World Bank (2010) show that large percent-
ages of national GDPs are attributable to cities. To achieve this, cities consume a 
large amount of resources – water, minerals, energy, food, land and forests, among 
many others. Bergesen et al. (2017) contend that in the process of availing these 
resources, large amounts of pollutants and greenhouse gases are emitted which have 
potential to affect global and local environments such as the increase in global tem-
peratures (IEA and UNEP (2018) report). Among the leading contributors of these 
pollutants include traditional power plants relying on fossil fuels (Narayanan et al. 
2019), automobiles (Newman and Kenworthy 1999a), factories emitting poisonous 
gases and liquid effluents that find their ways in the soils and water aquifers (Tripathi 
2017). In addition, the increase in global population allied with an equal increase in 
consumerism directly contributes to environmental impacts. Kalmykova et  al. 
(2016) explain that twentieth-century housing, electronics and automobiles are 
products that are resource intensive and are mostly sourced from nonrenewable 
sources. Similarly, when most of these products complete their life cycle, they are 
disposed, rather than recycled, leading to increased levels of pollution and subse-
quent environmental degradation.

The unprecedented rates of urbanisation and the rapid increase in urban popula-
tion which Kaneda et al. (2020) predict will reach over 68% by 2050 are among the 
factors which contribute to the overexploitation of natural resources and pose threats 
to human survival. With such trends, it became urgent from the 1970s on that many 
changes needed to be made and hence the notion of sustainable development was 
created through the UN’s process called the World Commission on Environment and 
Development (WCED 1988).
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Cities were soon made part of this sustainability agenda, and a series of 
approaches were created for how urban planning could become part of the solution, 
not the problem: sustainable city (Newman and Kenworthy 1999b), eco-city 
(Cugurullo 2017), resilient city (Stumpp 2013) and low carbon city (Shen et  al. 
2018) were adopted at different periods. They are all geared toward the application 
of knowledge to urban planning with a shared goal of increasing sustainability in 
various ways.

Slowly the experimentation using these different models has yielded tangible 
results which include using environmentally friendly construction materials, pro-
moting the importance of mixed land use like in the case of Singapore (Ong 2017) 
and emphasising the need for reduction in use of automobiles in favour of cycling 
and using transit initiatives like is advanced in the 15-Minute City concept (Allam 
et al. 2018a, b). The application of digital technology could have been immediately 
applied to accelerating the sustainability solutions using these models. But they 
were not.

2.3 � The Smart City Takeover

According to Van Winden and van den Buuse (2017), all the ideas brought forward in 
the above models have converged to a new urban planning concept known as Smart 
City. The Smart City agenda was born out of the global financial crash when the digi-
tal economy was created using digital technology. This concept was hailed for its 
unique economic benefits that could be brought about by its ability to spur efficiency 
and increase performance in the social, economic, environmental and political spheres. 
For instance, the adoption of the Smart City concept was suggested to help in boosting 
the attractiveness of cities, thus boosting tourism activities, attracting foreign direct 
investments (FDIs) and, on the local front, promoting employment opportunities, 
among many other things (Anand and Navío-Marco 2018). It should be noted that the 
list did not refer to any sustainability outcomes but instead assumed that if the above 
outcomes were obtained, then the other sustainability goals would follow. They did 
not. In fact, the focus on Smart City projects had the unintended consequence of mar-
ginalizing important sustainability and climate change agendas, despite their success 
in attracting investment and promoting economic growth.

This fogging of the sustainability agenda by Smart City proponents can be seen 
by many other commentators who made the same error of assuming that the simple 
increase in digital capability would automatically solve environmental problems. 
Anthopoulos (2017) explains that the concept of Smart City, via a range of diverse 
technologies, has brought numerous smart innovations in urban centres that are 
proving positive in addressing the impacts of climate change – though these are 
rarely quantified by the author. Macháč et al. (2016) point at such trends like the 
adoption of green and blue infrastructure that help in reducing the intensity of 
extreme weather conditions as well as improving the quality of air that in most cases 
is polluted from different pollutants in the city. None of these technologies were 
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digital smart systems; they were just simply direct sustainability-oriented technolo-
gies branded as smart.

In the same way, Blanco et  al. (2018) argue that the technologies utilized in 
Smart City projects have allowed for smarter urban planning strategies allowing for 
pockets of green spaces in cities that serve as recreation parks and help the city 
dwellers to maintain a healthy lifestyle. These are quite simply normal urban plan-
ning that has been known and delivered for hundreds if not thousands of years. They 
do not need to be called smart. Blanco’s suggestions are simply good planning with 
a series of sustainability benefits such as (a) protecting some urban biodiversity as 
well as reducing the amount of hard surface runoff, thus easing flooding in cities, 
and (b) allowing for the densification of urban areas and thus allowing for the opti-
misation of space, as well as resettlement of numerous households. There is no need 
to suggest these will automatically happen if digital data capacity is increased but 
perhaps it would have happened if the smart systems had been integrated into real 
projects delivering these broader goals of city management.

Smart cities were also claimed to be implicitly resource efficient by Kylili and 
Paris (2015) who hail the zero energy buildings that are deemed crucial in helping 
in the reduction of emissions by their ability to allow for 100% consumption of 
alternative, renewable energy. None of these approaches are explained in terms of 
the digital systems needed, but instead they are simply branded good sustainability 
practice as ‘Smart City’. This is dangerous as the concepts led to many cities priori-
tizing and procuring digital capacity with a rationale that this would automatically 
create sustainability outcomes. They are not going to do that unless they are designed 
for that purpose.

Liveability outcomes were also claimed to be automatically linked to the Smart 
City. For example, Appio et al. (2019) suggest that Smart City concepts have the 
promise of increasing the liveability of cities while enabling the vision of cleaner 
environment to be achieved. Calvillo et  al. (2016) highlight that this is possible 
through its emphasis on the use of cleaner energy in households and in other areas 
like street lightings, in industries and in transport and communication sectors, 
among others. However, this may well have simply been greenwashed as the major-
ity of Smart City technology that was actually procured through this period was 
about surveillance, often rationalised as improved liveability. This could be affirmed 
by considering the case of China, which currently has the highest number of cities 
branded as ‘smart’, yet it is among the leading countries in terms of emission.

The liveability index of Smart Cities was suggested to help in improving the 
security in all aspects of the city. With technologies such as big data, artificial neural 
networks (ANNs) (Allam 2019), Internet of Things (IoT) and others, the numerous 
technological components installed in cities can allow for real-time gathering and 
analysis of data that is essential for immediate and contextualised solutions and 
responses to urban challenges. These could have been attached to sustainability 
outcomes but invariably were only about how to control human behaviours. Such 
technologies and components allow for the prediction and analysis of human behav-
ioural trends (Mahdavinejad et al. 2018) and thus were rapidly picked up by compa-
nies wanting to manipulate consumption of anyone whose data they could obtain 
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and even been used to manipulate election outcomes by shaping individualised 
messaging.

These same Smart City technologies could have been used for citizen participa-
tion in the planning and management of cities through data sharing via social media 
platforms and bridging the gap of social inequality (McKinsey and Company 2018; 
Martinez-Balleste et al. 2013). The same Smart City technology could have been 
used to achieve increased sustainable outcomes in every aspect of city life in both 
low-income and high-income cities. They could have been and should have been 
focused on sustainability, but were not.

2.4 � Sustainability and The Metabolism of Cities

Cities can be viewed as living organisms and as entities that sustain life in an organic 
way, as portrayed by Jane Jacobs (1961), Christopher Alexander (2002) and Nikos 
Salingaros (2014). The analogy of a city as a living organism is particularly useful 
in helping to understand sustainability in an urban planning context. Urban metabo-
lism is the study of input and output processes of cities to understand how the struc-
tural issues about sustainability depend on understanding the resources which are 
the core inputs, the wastes that are the related core outputs and the desired liveabil-
ity which results from this metabolism. The goal of sustainability is to reduce the 
resources and reduce the wastes while simultaneously increasing the liveability 
(Newman 1999). See Fig. 2.1.

Proper understanding of the urban metabolism concept is an important step 
toward the pursuit of sustainability outcomes, as this will mean an optimal utilisa-
tion of available resources and better use of planning designs more responsive to 
modern sustainable agendas, as captured in the SDG11, the New Urban Agenda and 
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other initiatives. The mechanisms for doing these changes are suggested in Fig. 2.1 
to be cultural, economic and transportation priorities.

	(a)	 Cultural changes are brought through the community. As Salingaros (2005) 
suggests, such an understanding would ensure that humans and their interac-
tions with each other and with the urban fabric will be determining factors in 
urban planning. Salingaros (2006) believes that technologies especially those 
with the potential to allow for compact cities are the solution to addressing 
sprawl but this requires good community facilities to be part of the compact 
city. He argues that such technologies have the potential to impart life to more 
compact apartments and office towers that have for long been erected without 
considering their value in advancing sustainability. Similarly, Newman, Beatley 
and Boyer (2017) also advocate for inclusion of biophilic urbanism systems 
that would promote cyclical and regenerative metabolism and work best in 
compact cities.

	(b)	 Economic priorities are about how best to provide infrastructure for all the cit-
ies’ needs and to do this using economic incentives that reduce the need for 
resources and enable wastes to be recycled. Newman (2020a, b) argues that 
cities need to invest in renewable and distributed energy, create sustainable 
mobility systems and focus on ensuring inclusivity and healthy cities as part of 
the next economy.

	(c)	 Transportation priorities create the different kinds of urban fabric including the 
transport infrastructure suggested above. The different parts of the city require 
different transport infrastructure solutions and highlight the value of local, con-
textual solutions.

Smart city technologies are not listed in these mechanisms, but in reality, the 
delivery of each of them outlined above is much easier and more productive if Smart 
City systems are integrated into each of them. For example, it is possible to apply 
real-time data generation and analytics and real-time monitoring of different aspects 
of automation to each of the cultural, economic and transportation systems outlined. 
If integrated in from the start, the Smart City can help make sustainability happen. 
It is possible to achieve wholeness, resiliency and sustainability in cities while also 
improving the liveability status, thus actualising the benefits of shaping cities using 
the concept of urban metabolism (Newman 1999), but the two big ideas of the last 
30 years in cities – sustainability and Smart Cities – must be integrated.

2.5 � Integrated Smart Urban Metabolism

Faced with increasing challenges tied to urbanisation and rapid population increase, 
cities are in dire need to achieve more sustainable levels of urban metabolism, and 
the role of technology is paramount in this process. Chávez et al. (2018) acknowl-
edge this proposition and argue that technology is important in helping stakeholders 
understand, plan, implement and track urban metabolism especially if the future of 
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the urban fabrics and components is to be secured. The need for technology is prop-
agated by the fact that urban centres have been known to consume approximately 
75% of the global natural resources (UN Habitats 2018) and, in return, generate 
over 50% of global solid wastes and between 60% and 80% of greenhouse gas emis-
sions and other pollutants (UNEP 2016). IRENA (2018) records that over 85% of 
energy consumed in majority of cities is from nonrenewable energy sources like 
fossil fuels and only a meagre 15% is derived from renewable energy sources.

Such figures are expected to keep increasing, as it is projected that over 68% of 
the global population will be living in urban centres and these are all growing big-
ger, especially large cities. For instance, according to the United Nations (2018) in 
2016, there were approximately 512 cities globally that hosted at least one million 
people. By 2030, these cities are projected to increase to approximately 662 cities. 
In addition, megacities that have more than ten million people are expected to 
increase from 31 cities, recorded in 2016, to about 41 cities by 2030 (United Nations 
2016; UN Population Division 2019). Such numbers will mean an increase in con-
sumption of different resources and, at the same time, an increase in waste genera-
tion. Nevertheless, with technologies such as Smart City technologies and systems 
integrated with sustainability-based technologies and systems, it is possible that 
smart and sustainable urban metabolism can be achieved.

Integrated approaches to smart and sustainable cities are being trialled (Allam 
and Jones 2021). For instance, in the energy sector, alternatives like photovoltaic-
solar energy, hydro energy, wind energy and others are being rapidly introduced in 
all countries (Motyka et al. 2018; REN21 2018) but will only be able to truly take 
over from fossil fuels when smart systems are used to integrate them into grids both 
large and small, especially into the rapidly emerging distributed grids which require 
local integration (Green and Newman 2022).

Fan et al. (2019) express how the use of technology in managing urban fabric has 
had significant impacts on the energy-food and energy-water nexus, where the 
emphasis is on optimising sustainability approaches that integrate these different 
elements. Restrepo and Morales-Pinzón (2018) explain that by using modern tech-
nological advancement such as the use of big data, AI, IoT and machine learning, 
cities are now able to track, and project in real time, the inflow and outflow of mate-
rials; hence, informed and decisive actions are taken both in optimising resource use 
and also in management of wastes. Gaigné et al. (2012) highlight that by doing this, 
city managers are able to formulate the best approaches that promote growth and, at 
the same time, emphasise the sustainable agenda. But the initiative to integrate these 
elements is rarely part of the contracts with the responsible government agencies; 
instead, they are left with the branded package of smart systems and need to work 
out the next steps themselves.

Besides being focal in providing efficient resource management and increased 
performance, with reduced wastage of resources, technology can foster changes of 
behaviour in urban dwellers, who are frequently much concerned about their con-
sumption behaviour (Samad et al. 2019; McKinsey and Company 2018). In particu-
lar, technologically inclined concepts such as the Smart City are said to accommodate 
and promote the participation of citizens in the governance of the cities, especially 

2.5  Integrated Smart Urban Metabolism



28

through information sharing. By so doing, Stewart et  al. (2017) report that most 
urban dwellers where such technologies are fully integrated are said to embrace the 
need for resource optimisation, and a majority are actively participating in ‘smart’ 
initiatives like the use of bicycles and public transport systems instead of owning 
automobiles that contribute to harmful emissions. A case in point is the city of 
Copenhagen that is said to benefit from cycling culture of the locals where over 
90,000 tonnes of CO2 that could have reached the environment are saved, thus 
improving the sustainability of the city (International Organization for 
Standardization 2015). However most of these initiatives for cycling and walking in 
Copenhagen were done well before any smart systems came along (Matan and 
Newman 2016).

Cities are also active in adopting what Newman and Thomson (2018) called 
‘cyclical use of resources’ (recycling), thus reducing the amount of waste. For 
instance, Shahrokni et al. (2015) explain how the city of Stockholm has managed to 
optimise waste management and recycling. However, it is not possible to claim that 
this has been done by adopting a data centred approach. The data are now gathered 
from smart components installed in cities as well as from urban dwellers, but this 
builds on decades of non-smart initiatives (Newman and Kenworthy 1999b).

Smart technology can be integrated into urban metabolism to accelerate how 
most urban areas can achieve increased liveability dimensions by adopting better 
and more efficient management of resources. The emphasis on the adoption of 
mixed land use, smart waste management and adoption of cleaner renewable ener-
gies is possible but must be integrated into mainstream sustainability practice.

2.6 � Infusing Smart Technology into Sustainability in Cities

Cities and urban centres are in a constant process of change. The industrial revolu-
tion prompted the transformation of most western cities from medieval to industrial 
cities (International Federation for Housing and Planning 2016). When automobiles 
came into existence in the twentieth century, there was a demand for further trans-
missions, and the resulting urban models led to an increase in central business dis-
tricts characterised by high-rise buildings, improved transportation systems and also 
increased urban sprawl, as people could afford to travel to areas far from cities. In 
the recent past, the advent of ICT and its ability to seamlessly integrate into the 
urban fabric has seen a rise in new high-tech urban developments which have been 
actualised in various forms (Allam 2017). Information and communication systems 
based on digital data are the newest kind of technology in cities and these as cities 
seek to improve economic, social and environmental outcomes. Now cities are plan-
ning technoparks, technopoles, science parks and eco-cities which all feature these 
new smart technologies (Oh and Phillips 2014). The newest planning model that is 
particularly gaining substantial attention after the realities of the COVID-19 pan-
demic is the 15-Minute City model. The model proposes a redefinition of urban 
areas such that besides them being ‘smart’, they also incorporate aspects of 
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proximity, accessibility, diversity and ubiquitousness (Allam et al. 2020). This way, 
some of the existing challenges in cities such as traffic, prompted by increased num-
ber of private cars, would be addressed. Further, this model proposes prioritisation 
of the human dimensions well defined in SDG11; hence, its successful adoption 
would not only allow cities to be only smart, but they would be vibrant with human 
oriented outcomes.

2.6.1 � How Then Do We Infuse Smart City Technology into 
Urban Sustainability Programs?

The emphasis on the use of technologies in those concepts demands a restructuring 
of how we manage cities. The rest of the book will show this can be done starting 
with climate change and then with the regenerative design approach and finally how 
to build it into economic development as an inclusive process.

In all these chapters, it will be important to see how the theory of urban fabrics 
can be used to find local and community-based approaches, to regenerate each part 
of the city differently using integrated infrastructure. The theory of urban fabrics is 
outlined briefly using examples of how it can be applied to integrate the smart and 
sustainable/net zero technologies:

	1.	 Old central cities have a fabric based on walking as that was how they were 
formed around the potential to walk to everything in half an hour, and hence all 
the core infrastructure needs to support walkability in these areas. Smart and 
sustainable infrastructures need to fit together to make walkability more attrac-
tive for everyone and not just safer. This means better lighting and shared trans-
port systems as well as shared solar energy managed by shared data that enables 
a highly intensive knowledge economy to thrive.

	2.	 Nineteenth- and early twentieth-century transit fabric is spread along corridors, 
and the medium density fabric was built around reaching all the key parts of the 
city in half an hour by train or tram. These areas need to regenerate the transit 
systems with electric vehicles of all kinds, especially new twenty-first-century 
e-rideables and trackless trams, buildings with mixed use and shared solar for all 
power and recharging of vehicles with special economic uses for health, educa-
tion and shopping services.

	3.	 Twentieth-century car-based suburbs that are designed around reaching every-
thing by car in half an hour. The low-density suburbs are important for large 
warehousing and industry as well as housing but are increasingly creating small 
urban centres that enable transit and walkability for these outer areas. The oppor-
tunities for solar are more extended as well as other aspects of the circular econ-
omy such as waste recycling. Large precincts can integrate smart and sustainable 
infrastructure.

	4.	 Peri-urban and rural villages are increasingly seeking ways to use smart and 
sustainable infrastructure that can enable a large degree of self-sufficiency with 
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access to the adjacent city when specialised services are needed. The need for 
community-based smart systems to enable complete net zero outcomes is feasi-
ble here.

The alternative approach taken by many nations is to establish new cities. There 
is not a great history in any of these new cities, so they are becoming rarer. Although 
new cities would be a breath of fresh air to the planner and some urban dwellers, 
building a city from scratch is not always a sustainable endeavour as it creates 
demand for more resources (Slavova and Okwechime 2016) and generally increases 
dependency on unsustainable practices like the use of automobiles. This is true 
since available lands for such projects in most countries are relatively far from exist-
ing cities; hence, people are forced to travel using fossil fuel powered vehicles, 
since public encouragement in the form of fiscal incentives for energy saving and 
new kinds of transit services is generally left out of these new cities. Shepard (2017) 
suggests that these challenges relate to the expensive nature and the amount of time 
required to consider them to make new cities ready and self-reliant. Tosics (2015) 
showed how residential units expected to accommodate over 20,000 people in a new 
town of Aspern Seestadt, Vienna, are projected to take over 20 years to complete, 
and it was started in 2015. He acknowledges, like Salingaros (2006), that such new 
projects are unsustainable and proposes the adoption of compact residential neigh-
bourhoods in existing cities. We would suggest regenerating all parts of the city with 
new twenty-first-century infrastructure using the theory of urban fabrics is likely to 
be much more successful.

Economically, a brand-new city will pose an unfair advantage as businesses and 
most lucrative economic activities may be bound to flock to the new cities leaving 
existing ones in a slow state of urban decay. Inclusion is more likely if regeneration 
happens inside the present urban fabrics. However, they need to also be inclusive in 
the sense of retaining the qualities of place in each urban fabric. Jacobs (1961) out-
lined in her famous book The Death and Life of Great American Cities that existing 
cities were built around some indelible heritage that identify and relate with the 
identity of the place and a unique sense of belonging to locals. She was reacting to 
the freeways and high-rise public housing used to clear out older urban fabric in 
New York with a complete loss of places with significant heritage. These places lost 
all their economic activities as well because local people had fashioned their busi-
nesses to accommodate to the unique local urban fabric. The theory of urban fabrics 
starts by recognising the value of each place, respecting its functionality and then 
seeking to regenerate this by new, integrated twenty-first-century infrastructure.

2.7 � Conclusion

While smart technology is a strong component of urban futures and its role in 
achieving urban regeneration is significant, the most important quality to be sought 
in any urban process is to ensure the deeper values of place are respected. There is 
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a strong tradition in architecture and urban planning that outlines this approach 
through authors like Salingaros (2006, 2014), Alexander (1965, 1979, 2002) and 
Jacobs (1961). The contribution of this book is that such place values now need to 
include values about climate resilience, net zero and broader reductions in urban 
metabolism and liveability. These are defining the next economy and need to be 
attended to rapidly within our cities.

But these deeper values cannot be simply put aside by smart technology brand-
ing exercises that assert that all the big issues will be dealt with by some kind of 
magic. The reality is that some cities have been getting increased digital data capac-
ity, but no other sustainability goals are achieved. Cities must be geared toward 
increasing the ‘wholeness’ of the city, and as we suggest, cities need to bring in 
smart technology as part of an integrated package that will simultaneously improve 
the urban metabolism as well as the liveability status.

Allam and Newman (2018) argue that the integration of technology in existing 
cities allows citizens to be participants in their management by sharing vital data 
that help improve areas like security but could also allow other resource and waste 
management objectives. Kraus et al. (2015) suggested that smart technologies can 
also allow locals to be more innovative and provide them with opportunities to 
exploit entrepreneurial opportunities that in turn lead to improved economic status 
and job creation and, in extension, help in reducing economic and social inequali-
ties. This book suggests that it is no longer acceptable to simply say Smart City 
technologies ‘allow’ such fine objectives, but they must be simultaneously applied 
to create these outcomes, or else they are simply a branding exercise.
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Chapter 3
Smart Cities and Climate Change: How 
Smart City Can Help Cool the Planet

Abstract  Smart cities are a critical part of the climate change agenda. The IPCC 
suggest that cities are a major part of the transition to zero carbon while enabling the 
transition to zero poverty as well. The key technologies for at least 80% of this 
change are now available with solar, battery and electric vehicles dramatically drop-
ping in cost and exponentially increasing in adoption. However, they must be inte-
grated into cities not just be part of individual households, and to do this will require 
integration of smart technology and associated smart systems. This chapter sets out 
how the integration can be done but recognises that the next major challenge is deal-
ing with the socio-technical systems needed to creatively enable the mainstreaming 
of these technology packages.

3.1 � Introduction

Technological innovation has accelerated in the last decade in terms of how the 
world will cope with the need to decarbonise the planet without destroying global 
economies. The future that is outlined below is emerging very quickly after the 
major downturn of COVID-19 collapse in the global economy (Newman 2020; 
Schwab and Malleret 2020; Roy 2020). This acceleration should not surprise us as 
scenarios of the future are not usually able to cope with the rapid change that we are 
now seeing but such changes have been characteristic of the last five waves of inno-
vation following major economic collapses (Swart et al. 2004; Raskin 2016a). This 
chapter will show that smart technologies and systems are playing a key role on how 
the zero carbon city is emerging rapidly and how this can be enabled.

3.2 � Waves of Innovation

Creative destruction ‘is the essential fact about capitalism’, wrote the Austrian 
economist Joseph Schumpeter in 1942 as the world was emerging from the Great 
Depression of the 1930s (Kondratieff 1984; Schumpeter 1930, 2015). New 
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technologies and processes continuously revolutionise the economic structure from 
within, ‘incessantly destroying the old one, incessantly creating a new one’. This 
approach was formalised by a number of academics in the waves of innovation 
theory (Freeman and Soete 1997; Kondratieff 1984).

Change happens more quickly and creatively during times of economic disrup-
tion. Innovations that meet material and cultural needs accelerate, and structures 
preventing new, more efficient technologies weaken. As the old economy collapses, 
innovations ‘cluster’ to become the core of the new economy.

Over the past three centuries, there have been five great ‘waves’ of economic 
disruption and clustering. The first was driven by harnessing water power, the sec-
ond by steam power, the third by coal and electricity, the fourth by oil and gas and 
the fifth by digital transformation. We are now at the start of the sixth great wave, 
driven by renewable energy combined with batteries, electromobility and Smart 
City technology. These waves are set out in Fig. 3.1 and Table 3.1.

The rapidly emerging innovations for a zero carbon agenda are outlined in 
Fig. 3.2 from the 2022 IPCC Mitigation Report showing their dramatic reductions 
in cost over the past decade and their exponential adoption into the economy.

Fig. 3.1  The waves of innovation

3  Smart Cities and Climate Change: How Smart City Can Help Cool the Planet
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Table 3.1  The waves of innovation following economic collapse in the past 250 years and what 
they meant for business models, energy and infrastructure and transport and urban form, with 
potential options for the next wave

Economic 
waves

Technological 
innovations 
emerging Business model

Energy and 
infrastructure

Transport and city 
form

1. 1780s–1840s 
industrial 
revolution

Water power
Iron
Mechanisation
Textiles
Commerce

Small and 
cottage industries

Water power and 
horse power, canals 
and sailing ship 
ports; roads for 
carriages linking 
cities

Walking cities 
rapidly densifying 
from industry

2. 1840s ‘hard 
times’ and then 
Victorian 
prosperity

Steam power
Railroad
Steel
Cotton

Cottage 
industries into 
large capital 
firms and 
factories

Wood and steam into 
train systems

Walking cities 
into rail-based 
linear urban 
development

3. 1890s great 
depression and 
then belle 
Epoque

Electricity
Chemicals
Internal 
combustion 
engine

Monopolistic 
Fordist
Firms and 
factories

Coal and electric 
tram and train 
systems

Tram and 
train-based 
corridors

4. 1930s great 
crash and then 
Keynesian 
growth

Petrochemicals
Aviation
Electronics
Space

Multinationals
Modernism

Oil and freeways Automobile-based 
urban sprawl

5. 1980s 
dot-com 
recession and 
then knowledge 
economy

Digital 
networks
Biotechnology
Information 
technology

‘Smart cities’ 
flexible 
specialisation 
and networked 
globalism

Superhighway and 
ICT systems

Revival of urban 
centres around 
knowledge 
economy

6. 2020s 
COVID-19 
collapse and 
then green 
economy

Renewable 
energy
Circular 
economy
Smart city

‘Regenerative 
urbanism’
Global 
localisation 
based around 
precincts

Renewables with 
batteries,
Electromobility, 
Smart City 
integration, hydrogen 
for industry, circular 
economy, biophilic 
urbanism

Re-localised 
centres
Smart, distributed 
infrastructure
Transit activated 
corridors fed by 
micromobility, 
EVs and active 
transport

Source: Newman (2020)

These rapid changes are however going to need to be integrated with smart tech-
nologies to enable them to mainstream. Without smart technologies, the solar-
battery-EV revolution that is outlined in the above figure will stall and be rejected 
as they will not be able to create the economy-wide systems that are needed to 
transform how we make and use energy in buildings, industry and transport. This is 
the theme of the chapter.

The world needs to have all the best zero carbon technologies as outlined in the 
chapter, but it also needs to create employment that can enable the zero poverty 
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Fig. 3.2  Dramatic drops in costs of emerging technologies for zero carbon futures along with 
exponentially increasing adoption rates. (Source: IPCC 2022)

agenda. Although in the past these have been coupled so that economic growth 
caused increasing greenhouse emissions, the past decade has begun to show how 
these can be decoupled (Newman and Thomson 2018). Thus, the technologies out-
lined below are all cost-effective at enabling an agenda where zero carbon can be 
achieved along with zero poverty in new economic development strategies as part of 
the new economy (Newman et al. 2017). But they must be integrated into how cities 
and regions work, and hence it is important for both the zero carbon and zero pov-
erty agendas that smart technologies are integrated into the solutions being adopted. 
This will require socio-technical change, not just technical change.

Cities will be the focus of such development as history has shown that is where 
economic growth can best be enabled particularly in the last 200 years (Glaeser 
2011; Hall 2008). It is also where new technologies that are supportive of the zero 
carbon agenda are likely to be rapidly adopted, and that is where they are already 
beginning to be applied though there are also innovations occurring at the edge 
(rural and remote areas). Thus, the zero poverty and zero carbon agendas are likely 
to be rolled out in a synchronistic manner integrating the economic and the environ-
mental agendas using smart technology systems. Some of the ways this can happen 
together will be outlined.

3  Smart Cities and Climate Change: How Smart City Can Help Cool the Planet



39

3.3 � Zero Carbon Technologies

3.3.1 � Renewable Energy, Especially PV and Batteries

The dramatic growth in renewable energy (solar and wind) has been due to these 
technologies quickly becoming the cheapest form of power that history has ever 
seen. They are also easy to mass produce and implement in most cities and most 
economic systems (Droege 2011; Scott 2020). Organisations that predict the future 
based on previous growth patterns have constantly got this wrong as these are dis-
ruptive innovations (Seba 2014; Newman et al. 2017) particularly rooftop solar as it 
enables very local production and consumption to be integrated (Newman 2017).

The new patterns of urbanism that are emerging around these systems are already 
showing why cities will become much more distributed into local areas of infra-
structure management – but they will still fit into a citywide or region-wide grid 
system for equity and balance (Green and Newman 2017; Newton and Newman 
2013). The rapid growth in solar has now moved into shared solar systems for 
medium- and high-density housing enabled by localised solar utilities (Newton 
et al. 2021).

However, this shared solar approach cannot be managed in an equitable and 
transparent way unless they also involve batteries and blockchain-based manage-
ment. The WGV development in Perth has three shared solar systems among the 
110 housing units that have been well studied (Byrne et al. 2021), and now the next 
stage of this area (called East Village) is also involving shared electric vehicle 
recharging opportunities, and the whole area is not just zero carbon but is 20% less 
costly (Byrne et al. 2021). Industrial estates with shared solar appear to be happen-
ing as well as rural and remote systems (Galloway and Newman 2014); the new Peel 
Industrial Estate in Perth has a shared microgrid solar system providing cheaper 
power options for businesses that locate there. All of these innovative developments 
are providing their solutions using integrated smart system technology (Green and 
Newman 2018) and are achieving zero carbon with all of the SDGs addressed (Jason 
et al. 2018).

The next agenda is how to achieve grid stabilisation, and this seems to be head-
ing toward localised, community-scale batteries (Mey and Hicks 2019; Sproul 
2019). These are becoming available for many other urban functions including elec-
tromobility which, as shown below, can be part of grid stabilisation. Gas turbines 
(and diesel backup in small grids) have been seen as necessary for grid stabilisation, 
but Li-ion batteries are now cost-effective at over 150 MW showing that they are 
now cheaper than gas turbines and more effective at providing a rapid peaking func-
tion (Denholm et al. 2021). Again these grids of the future will not work using solar 
and batteries and EVs unless they have smart systems.

Thus, 100% renewable power systems can now be built cost-effectively. The 
AEMO (2020) report on the Australian grid shows that it can be 75% renewable by 
2025 pushed mostly by rooftop solar. Old coal and gas power in the COVID-19 
downturn were being avoided as new solar and battery systems have marginal costs 
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of zero; thus, the reductions in demand were carried by fossil fuel-based power, 
accelerating the decarbonisation transition. This has only hastened their phaseout. 
Such is a classic example of how exponential growth in renewables and batteries 
can be expected to take over power grids in the near post-COVID-19 future, espe-
cially driven by the large and growing sector of ethical investing and even the 
world’s largest finance company Blackrock (Fink 2020) and other finance compa-
nies listed on the Climate 100+ website.

The investment in renewables is also enabling new manufacturing centres to 
emerge with much better local job creation if the products are created from localised 
renewables (Nahum 2020). Zero poverty associated with a just transition can also be 
a goal in areas based around coal, oil and gas, but the cost-effective manufacturing 
opportunities will rapidly shift to the best sites for renewables (Garnaut 2019). This 
is happening because the world’s manufacturing is moving toward higher-quality 
raw materials that are better processed and utilised near where they are found rather 
than moving them to industrial areas with cheap labour.

3.3.2 � Electromobility, Micromobility, Transit, Walkability 
and Active Transport

Electromobility is also a disruptive innovation that has emerged rapidly in recent 
years (IPCC 2022). With a growth rate of over 40% per year, predictions for how 
quickly the internal combustion engine (ICE) will be phased out are now coming 
down into the 2020s (IEA 2021a; Dia 2019). The reason electromobility is disrup-
tive is similar to solar and wind: the vehicles are rapidly reducing in cost as battery 
packs have reduced from $1000/Kwh in 2010 to less than $200/Kwh in 2020 and 
because the technology is preferred for many other social and environmental rea-
sons, especially cleaning up local air pollution (Dia 2019; Dia et al. 2019; Newman 
2020). Bloomberg New Energy Finance (in McKinsey report 2017) now suggests 
capital costs will be equal to ICE in the mid-2020s and operational costs will be 
much less. The next electric vehicle types to roll off assembly lines in large numbers 
in the early 2020s were electric buses (Transport and Environmet 2018) and electric 
trucks (Limatainen et al. 2019) with some decades before ships and planes. Long 
distance ships and planes are likely to be fuelled by green hydrogen-based ammonia 
and synthetic jet fuel with some advanced biofuels (IPCC 2022).

Concern over the growth in consumption of battery minerals has been seen as a 
constraint on this rapidly growing Li-ion battery market (Olivetti et  al. 2017). 
Responses to this show that these minerals are needed in very small quantities com-
pared to iron and aluminium and the growth of assured supplies with ethical and 
transparent mining systems as well as growing recycling opportunities suggest 
these concerns are being addressed (IPCC 2022; Newman 2020; Newman et  al. 
2018; IEA 2021b; Lee et al. 2020; World Bank Group 2017). However, reduced 
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consumption is a necessary agenda for multiple reasons and is addressed under 
Smart City-based demand management below.

Disruption is demand-driven, like the smartphone, but those cities adapting to 
new systems with solar-batteries-EVs are also seeing common-good outcomes that 
they can assist (Garnaut 2019). These public benefits are especially seen on how 
EVs are assisting electromobility in the new forms of micromobility and in new 
mid-tier electric transit which have multiple benefits in overcoming automobile 
dependence, the scourge of the last big economic wave after the 1930s (explored 
further below).

Micromobility  Micromobility electric vehicles are all small, local transport tech-
nologies that support walking: electric tuktuks, electric bikes, electric motor bikes, 
electric scooters and electric skateboards that are becoming a major part of the EV 
revolution (Ajao 2019). The growth of these modes in Chinese cities (Gao et al. 
2017) and places like Delhi (now with the fifth biggest recharge system in the 
world’s cities; see StartUS, 2020) is driven by the need to reduce air pollution, but 
they are also part of the active transport movement that is showing substantial health 
benefits when reducing car dependence. Forty-six percent of car journeys in the 
USA go just 3 miles or less, which can simply be replaced by micromobility, and 
30% of micromobility riders were doing just that during the COVID-19 shutdown 
period (Ajao 2019). The question is whether such options can be mainstreamed into 
the cities of the future. This is particularly interesting in view of the global energy 
crisis that has been prompted by the war in Ukraine.

Electric micromobility can also develop a range of new functions relevant to 
local centres (a growing focus for the new economy), which could include local 
delivery of online parcels. The rapid growth in parcel delivery vans has been a 
major part of growing traffic in the USA (Schaller 2018) and can be solved if 
parcels were delivered locally by micromobility small e-vans that could also be 
autonomous (as demonstrated in some cities during COVID-19 lockdown). 
They can be delivered regionally by trackless trams (see below) along corridors 
providing parcels to station precincts where local delivery vehicle hubs can be 
located.

All forms of electromobility need recharging, and in cities, these can become 
part of a new recharge hub or battery-storage precinct that is based strategically to 
support the grid balance needed to ensure universal access and resilience. These 
recharge hubs can be available to the multitude of micromobility vehicles that can 
be supportive of local economies and also provide the last-mile linkages for electric 
transit as it services a corridor of economic development.

Transit  Perhaps the most significant innovation in electromobility in terms of 
common-good outcomes is the electrification of public transport (Glazebrook and 
Newman 2018). The electrification of heavy train and tram systems is a mature 
technology based on overhead catenaries, but new Li-ion batteries have revolution-
ised the electrification of buses into electric BRTs or trackless trams (Newman et al. 
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2019). Trackless trams are guided quickly and smoothly down main roads like a 
high-quality light rail by a smart system, powered by batteries on the roof. They are 
much cheaper than traditional tram systems as they do not need massive engineer-
ing to provide the steel tracks and overhead catenaries.

Such new e-transit systems will be critical to provide in the zero carbon city of 
the future as any city dominated by cars, whether petrol or battery-based, will have 
many problems. A strong e-transit system will help balance the congestion brought 
by EVs, alongside increased uptake on e-rideables and e-bikes. These trackless 
trams are now able to fit into cities by enabling the development of new precincts 
around stations due to their quiet, pollution-free accessibility that is able to replace 
the equivalent of six lanes of traffic. The urban regeneration can be used to help pay 
for the new transit, and the resulting station precincts can include recharge hubs for 
the battery-based transit and micromobility last-mile linkage. They are therefore 
enabling distributed infrastructure and supporting the development of a zero carbon 
and zero poverty city.

These transit innovations will enable creation of zero carbon corridors (Newman 
2020) along main roads replacing the highly congested car dependence and enabling 
a series of urban regeneration sites to be developed around station precincts instead 
of sprawling cities at the urban fringe (Newman and Kenworthy 1989, 1999, 2015). 
This is likely to be a big part of future urban economic development strategies, 
detailed further below. Zero carbon corridors will also need significant help from 
smart systems to enable these shared, common-good outcomes in their operations.

Zero carbon corridors, also called twenty-first-century boulevards (Newman and 
Kenworthy 1999), can enable a zero carbon city to be built in stages through focus-
ing on a new transit system along a main road (like a trackless tram; see Fig. 3.3) 
and then building zero carbon station precincts along the route as shown in Fig. 3.4. 
These zero carbon precincts can slowly absorb surrounding suburbs into their solar-
based microgrids and enable the transition to spread across the city. They will be 
described more fully in Sect. 3.6.

Walkability and Active Transport  The benefits of micromobility in enabling local 
centres to work without cars and to enable transit systems to work without the need 
for car-dependent corridors are certainly rapidly emerging over the past decades 
(Matan and Newman 2016; Gehl 2010). Transit was seriously damaged during 
COVID-19 but so was car traffic, so the growth of local walkability and active trans-
port has been a global phenomenon with many cities building this into permanent 
change (Laker 2020; Davies 2020; Harris 2020). At the height of the pandemic in 
late April, across Scotland, the public transport was down by up to 95%, car use was 
down by 70% and cycling was up by 120% (Transport Scotland 2020). Rapid 
returns of traffic and transit have happened since then, but active transport has 
grown significantly (Earley and Newman 2021).

The co-benefits of active transport are very high, and if local economic develop-
ment is facilitated, then it is also a part of the zero poverty agenda. Thus, closing 
streets to cars and building large numbers of cycle ways suitable for all 
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Fig. 3.3  The trackless tram system by CRRC and demonstrated in Zhuzhou, China. Source: 
Compliments of CRRC

Fig. 3.4  A diagrammatic representation of accessibility of a twenty-first-century boulevard. 
(Source: Amended from Glazebrook and Newman 2018)

micromobility are likely to be a high priority for the recovery as announced in 
London (Quinn 2020) with a scenario of increasing active travel ten times. The 
Mayor and Transport for London said their goal was as follows:

•	 The ‘rapid construction’ of a strategic cycling network, using temporary materi-
als, with new routes, aimed at reducing crowding on public transport.

•	 A ‘complete transformation’ of local town centres so that people can walk and 
cycle where possible, including widening footways on high streets so that people 
can safely queue outside shops.

•	 Reducing traffic on residential streets and creating ‘low-traffic 
neighbourhoods’.

The project was given an immediate £2b on the basis that ‘when the nation gets 
moving again it does so in a cleaner safer way’ (Walawalkar 2020). Leading actors 
also began a special App to help with transport choices, began trials on e-scooters, 
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a key part of micro-mobility, extra charging points for EV vehicles of all kinds, and 
accelerating new rail projects (Sky News 2020).

Re-localising the city like this becomes a strong positive outcome from the move 
to active transport with its support in micromobility and new electric transit systems 
as well as the localised power systems emerging from the solar-battery-based power 
systems to further the ‘transformation’ of local town centres. It is a sign that a new 
policy orientation has emerged from COVID-19. But it is also clear that all these 
innovations will not mainstream unless they are supported by smart systems.

3.3.3 � Smart City-Based Demand Management

Smart city is an agenda which has rapidly grown in the twenty-first century but has 
many controversial aspects if it is used simply for surveillance and traffic conges-
tion management largely failing due to the rebound effect (see Creutzig et al. 2016), 
which continues the problem of car dependence. In Box 3.1, we summarise the 
Smart City technologies that are all going to be needed for integrated solutions to 
the zero carbon and zero poverty agenda.

Box 3.1: Smart City Technologies and Their Relevance to Zero 
Carbon Cities
Information and Communication Technology (ICT). The use of ICT can help 
cities by providing real-time information on various dimensions, from solar to 
shared mobility; where the latter is beneficial for transit users and those using 
bikes and pedestrian pathways. ICT can help with building management and 
with information for transit users as well as ticketing and payment for transit 
or for road user charges as the world shifts away from fuel taxes due to the 
demise of ICE vehicles (Gossling 2017; Tafidis et al. 2017).

Internet of Things (IoT) Sensors. These sensors can be used for building 
management and road safety to ensure any vehicles do not lose their direction. 
Smart tyres equipped with sensors help to slightly improve fuel efficiency and 
reduce CO2 emissions (Kavitha et al. 2018; Kubba and Jiang 2014). The IoT 
can be used to create safety for a fast-moving trackless tram, and its associ-
ated last-mile connectivity shuttles as part of a transit activated corridor 
(Newman et al. 2019).

Mobility as a Service (MaaS). New, app-based mobility platforms will 
allow for the integration of different transport modes (such as last-mile travel, 
shared transit, and even micro-transit such as scooters or bikes) into easy-to-
use platforms. By integrating these modes, users will be able to easily navi-
gate from A to B based on what modes are most efficient, and all necessary 
bookings or payments can be made through the one service. With Smart City 
planning, these platforms can steer more users toward shared and rapid transit 

(contiuned)
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(which should be the centrepiece of these systems), rather than encouraging 
more people to opt for the perceived convenience of booking a single-
passenger ride. In low-density car-dependent cities, however, MaaS services 
such as the use of electric scooters/bikes are less effective as the distances are 
too long and they do not enable the easy sharing that can happen in dense sta-
tion precincts (Jittrapirom et al. 2017).

Artificial Intelligence (AI) and Big Data Analytics. These technologies are 
used together to enable decisions about optimising use of solar and batteries 
in buildings and in what kind of transport planning is used down particular 
corridors. Options such as predictive congestion management of roads and 
freeways along with advanced shared transit scheduling can provide value to 
new and existing transit systems (Anda et al. 2017; Milne and Watling 2019; 
Toole et al. 2015).

Blockchain or Distributed Ledger Technology. Blockchain is presently 
being used as the basis of shared solar, battery and EV systems (Green and 
Newman 2018). Blockchain can also be the basis of MaaS or any local shared 
mobility as it facilitates shared activity. As the future city is going to have 
distributed solar energy, it can be applied to that and to how urban regenera-
tion along a TAC can be sharing mobility opportunities, especially the pay-
ments for tickets on a transit system and its last-mile connectivity shuttles. 
This technology can also be used for road user charging along any corridor 
and by businesses accessing any services and in managing freight (Green and 
Newman 2017; Vujičić et al. 2020; Irannezhad 2020).

All of the innovations outlined above – solar, batteries, electromobility in 
vehicles of all shapes and sizes and other innovations such as circular econ-
omy, water and waste systems – have two key characteristics of relevance to 
this chapter: they work best as localised systems; and they work even better if 
consumption is reduced. Both can be helped significantly (or will not work at 
all unless implemented) by Smart City-based demand management. Thus, it 
is possible to imagine why Smart City technologies are an essential part of an 
integrated package for future cities of solar-battery-electromobility-smart 
systems. And as outlined in the last chapter, they must be integrated and deliv-
ered together with zero carbon technologies.

Localised Systems. The new Smart City technologies include an ability to 
enable any system to learn and optimise itself through artificial intelligence 
(AI) or machine learning. Many functions of AI have been envisioned to help 
the zero carbon agenda (Rolnick et  al. 2022), but there is one that is just 
emerging which can assist urban regeneration of precincts. As new suburbs, 
new industrial estates, new office blocks and new villages are built or refur-
bished, they can be enabled through sensors to manage their energy, water, 
waste and transport, to be continuously learning from its users. Thus, the cen-
tres become something like a set of neural networks that are constantly 

(contiuned)
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improving the ecosystem in which they operate. The roles of recharge hubs 
and delivery vehicle hubs can all be optimised along with many other new 
localised services.

The local precincts set up with such simple technology will be highly effi-
cient and can be optimised to share equitably and enable job creation through 
enterprise facilitation in local communities (Sirolli 1995, 2012). The goal is to 
provide a cost-effective liveability and flourishing economy while reducing 
consumption of resources. Welfare for people with disabilities or those in 
aged care can also be improved with these kinds of infrastructure systems. 
Localised smart systems can be managed to provide different solutions for the 
different kinds of places across a city and its region as outlined in Sect. 3.5 on 
socio-technical transitions.

Reduced Consumption. Resource conservation is a critical part of the zero 
carbon and zero poverty agenda (Creutzig et al. 2016, 2018; IPCC 2022). This 
is necessary for both better environmental, employment and economic out-
comes and making the transition quicker and easy. Smart technologies can be 
used to reduce consumption through assisting behaviour change and demand 
management systems (Creutzig et al. 2018). There is evidence that behaviour 
can be influenced by direct social interventions by government programs 
(Abrahamse and Steg 2013; O’Brien et al. 2019), but mostly they fail unless 
they are combinations of social and technological change which provides new 
knowledge-based systems (Eon et al. 2019), or they enable infrastructure to 
work better through enhancing lifestyles in low-carbon urban form or changes 
like re-localisation (Newman and Kenworthy 2015). Smart technologies com-
bined with demand management programs are likely to be much more effec-
tive as an integrated package (IPCC 2022).

These innovations are called Smart City-based demand management 
(Pears and Moore 2019). They enable householders and businesses to under-
stand what they are consuming at any point in time with mobile phone apps 
and displays in homes and offices, with simple programmable options that 
build in the optimal efficiencies for use of energy, water, other materials and 
transport (Byrne et  al. 2019). These can be simple apps such as the 
ClimateClever Home calculator (https://www.climateclever.org/homes) and 
can also be built into new houses and precincts from the start as part of a zero 
carbon home or precinct. Zero carbon transport can use these new kinds of 
smart system technologies as part of new precincts that are built around new 
transit systems with walkable environments (Allam and Newman 2018).

Industry can be part of this agenda through industrial estates that become 
learning environments as they share resources and wastes through industrial 
ecology (Hangroves and Smith 2005; Galloway and Newman 2014). But 
there are big industries that are not yet part of the zero carbon agenda as so far 
cement and steel production and most mineral processing need to use coal and 
gas. However, hydrogen-based options combined with solar-electric systems 
are emerging and could rapidly move ahead in the new economy (IPCC 2022).

Box 3.1 (continued)
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3.4 � Socio-technical Transitions

The long-wave theory outlined in Fig. 3.1 and Table 3.1 shows how innovations 
develop. These transitions have been outlined by economists, but a different kind of 
literature has tried to show that technological change is not just a change of eco-
nomic models but must include social, cultural and political change, or else barriers 
will prevent their mainstreaming. These two transition theories are the transition 
management work by Frantzeskaki et al. (2018, 2019), and Malekpour et al. (2020), 
as well as the socio-technical transition theory of Geels (2005, 2002, 2011) and 
many followers. Both groups are seeking to find how technological innovations can 
be enabled more effectively as part of cities, with all their cultural, social and insti-
tutional barriers.

Socio-technical transition research has been very helpful for decision-makers 
and professionals to see how they need to bring whole-system structures into their 
plans for delivering innovations. They are mostly, however, dealing with a world 
that is pre-COVID-19, when there was significant momentum behind the economic 
system at that time, with lock-in based on investments in infrastructure, buildings, 
people and manuals of how things should be done (Mattauch et al. 2015). Economic 
collapses mean there is a discontinuity which is far more significant for opening up 
economies, cities and culture to rapid change than the incremental understandings 
in most scenario work (Raskin 2016b). Assets become stranded, and investment 
shifts to the new options, with potential to last longer. Hence, these barriers may be 
significantly reduced as the world starts up again because economic collapse may 
have ‘cleaned the slate’ as Le Corbusier said as he pushed the modernist agenda 
after the 1930s collapse (Flint 2014). However, the barriers may also remain and 
make change very difficult.

3.5 � Application of Socio-technical Transitions to Zero 
Carbon Corridors

In this section, an example is provided of how socio-technical transition theory can 
be applied to integrate solar, battery and electric vehicles with smart systems in 
order to create a zero carbon city. As outlined in Sect. 3.4, the potential of new zero 
carbon transit technology in trackless trams can be used to help create zero carbon 
corridors. Zero carbon precincts around stations are necessary for zero carbon cor-
ridors and will be very attractive to developers because they are value enhancing 
and are risk-proof investments with a new iron-clad ability to raise finance which 
requires zero carbon to be the fundamental outcome of the project (see Climate 
Action 100+). New precinct-scale systems are the best way to introduce the modu-
lar carbon-reducing technologies like solar, batteries, new small-scale water and 
waste systems and the new local electric transport systems also outlined above 
(Thomson et al. 2019; Newton and Taylor 2019).
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One of the most important integrative features of these new urban systems is that 
each precinct/station can become a recharge hub for the trackless tram and the 
e-micromobility which will provide a clear destination point along the net zero cor-
ridor with people feeding into and out of the station from around the precinct 
(Newman, 2018) (see Fig. 3.4).

In practice, such a net zero corridor will allow electric private cars to move down 
the central lanes (with the trackless tram operating in a dedicated lane), and when 
nearing stations, private vehicles will be required to slow down to enable the inte-
gration of the walkable environment adjacent to the station precinct. A zero carbon 
corridor can have a chain of precincts along the corridor that all use these new tech-
nological advancements for regenerating a city’s infrastructure and buildings.

Given the interconnected nature of a trackless tram style zero carbon corridor, 
different station precincts along a corridor can have their own distinct amenity and 
purpose, such as a focus on healthcare, education, dining, entertainment or offices. 
This special quality of place-based urbanism is fundamental to any urban regenera-
tion as it will be the need for the integration of nature (both as part of urban design 
and for aesthetics), effective waste management (such as waste minimisation and 
enhanced collection of recyclable items) and green buildings (Caldera et al. 2019). 
This will add value to the development.

But most importantly, the necessary uplift in value that can release the funding/
financing of a series of urban regeneration precincts will only happen if there is a 
strong and competitive transit system feeding the residents, workers and visitors to 
the precinct. Each precinct will therefore be an opportunity to show how they can 
use new technology in their project and most importantly how they can link into 
innovative transit systems.

It is clear that all forms of vehicles will soon be electric, both private and shared 
vehicles, including those used for last-mile linkages. Thus, this presents an oppor-
tunity for each of the precincts to provide on-site energy generation (using solar 
technology), storage (using battery technology) and charging infrastructure (both 
high speed and low speed). Thus, this shifts the focus of the net zero corridor from 
simply a transport route to being a key part of the surrounding electricity grid, pre-
senting both challenges and opportunities.

The understanding that very soon vehicles will be a key part of the electricity 
grid has given rise to the concept of ‘vehicle-to-grid’ or V2G, which describes a 
system where electric vehicles are connected to the grid for mutual benefit (Uddin 
et al. 2018). Vehicles have large batteries so around 100,000 vehicles can provide 
500 MW of storage but large buses and trucks will provide much more, and if they 
are in a fleet, they can be attached to the grid through their depots and provide extra 
services to the grid when needed. Once connected, a range of services can be 
designed to allow electric vehicles to contribute to storage and grid stabilisation, 
increasing grid efficiency, stability and reliability (Yilmaz and Krein 2012). The 
physical connectivity between vehicles and the electricity grid will likely allow for 
discharging of power from transit and other vehicles when not in use, to respond to 
times of peak demand, referred to as ‘peak shaving’ (Ehsani et  al. 2012). These 
provide six potential services that electric vehicles will likely provide grids in the 
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future ranging from peak shaving for between 15 min and 2 h down to assisting the 
starting of electric motors that require high-intensity electricity for a short period of 
approximately 15 s.

What this adds to grid support is the potential innovation to create ‘recharge 
hubs’ at station precincts which support urban regeneration as well as grid stability. 
These will be able to help all kinds of electric vehicles recharge, especially micro-
mobility feeding into the electric transit that is suitable for constrained spaces. The 
new precinct developments can be built with solar-PV on roof and wall space and 
extend out as far as is needed to ensure sufficient power can be provided locally.

All forms of electromobility need recharging, and in cities, these can become 
part of recharge hubs at station precincts that are managed strategically to support 
the grid to ensure universal access and resilience. These recharge hubs can be avail-
able to the multitude of micromobility vehicles that can be supportive of local econ-
omies and also provide the last-mile linkages for electric transit as it services a 
corridor of economic development.

Moving from theory to practical application in this area is still a focus of research 
and demonstration efforts, but it is very obvious that it is not just technical, but it is 
socio-technical. From the above outline of the concept of an integrated approach 
using smart systems to integrate solar, battery and electric vehicles, the following 
questions need to be answered to enable such zero carbon corridors to be 
mainstreamed:

	1.	 What kind of design and financial criteria will be needed to replace normal pro-
curement when approaching finance companies to put together a zero carbon 
corridor?

	2.	 Are utilities wanting help with their grids along the proposed zero carbon corri-
dors, and will the proposed concept fit these needs?

	3.	 How will the traffic management be worked out along the corridors to enable the 
trackless tram to have right-of-way?

	4.	 How can a zero carbon corridor integrate amenity and services and place quali-
ties into their fabric so that local communities and local governments will want 
to help enable it?

	5.	 What kind of power recharge systems can be integrated into the precinct to 
enable all kinds of electric vehicles to be serviced, what space is needed and how 
should these services be managed?

	6.	 Are V2G barriers being removed in the zero carbon corridors, and are the bene-
fits being passed on to the precinct?

	7.	 How are the microgrids that are linking precinct-scale solar, battery and electric 
vehicle recharge going to be managed, and what smart technologies can help 
enable this?

	8.	 Are the professional manuals for best practice urban development changing to 
incorporate these new opportunities?

The questions above are likely to be very challenging for any level of govern-
ment and for all the professionals involved. They are typical of the kind of socio-
technical transitions issues that will enable the mainstreaming of smart, sustainable 
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cities. Entrepreneurial developers and professionals will be needed to provide such 
answers and enable demonstrations to help walk the old systems of governance into 
the new era. They will all need Smart City technology fully integrated into the zero 
carbon packages.

3.6 � Conclusions

The benefits to the economy of integrating renewable energy generation, batteries, 
electromobility and Smart City technologies at local levels are emerging rapidly as 
they are now highly commercial and in demand. They will lead to a cleaner, greener 
economy with many more new jobs and will give us hope as we seek to achieve a 
planet that is liveable into the future. The cities that take up these smart, sustainable 
options will be the leading forces that will drive the transition to zero carbon and 
zero poverty economies. They will be highly competitive places to live and work.

Based on IPCC (2022) estimates, the new technologies have the potential to 
reduce the use of fossil fuel by 80% in a decade. Eliminating the last 20% will be 
harder. This needs new processes not yet commercial. The gas and coal used in 
industrial processes such as steel production and mineral processing, and fossil 
fuels used for long-haul road, sea and air transport, need to be converted into a mix-
ture of solar-electric and green hydrogen-based systems, most of which are still at 
demonstration phase. This will likely take a decade or more to enable commercial 
technology options as well as socio-technical processes to be worked through. All 
these changes will depend on smart systems as they emerge into commercial uptake 
and have to be integrated into grids in the same way solar-batteries-EV are 
now doing.

The only thing that will put the brake on these technologies becoming the core of 
the new economy sooner rather than later are backward-looking government poli-
cies that seek to prop up an obsolete fossil fuel economy by not changing the socio-
technical systems that are preventing so many good opportunities as set out in this 
chapter. There will also always be a need for creative, entrepreneurial businesses 
and professionals that can demonstrate the benefits of integrating smart technolo-
gies into climate change technologies and who are prepared to creatively solve the 
socio-technical problems of implementing new zero carbon-zero poverty technolo-
gies in an integrated way using smart systems.
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Chapter 4
Smart Cities and Regenerative 
Approaches: How Design with Smart City 
Tech Can Regenerate Cities

Abstract  Regenerative approaches are seen as the third paradigm in managing 
economic development to be more socially and environmentally acceptable. 
Regenerative design is thus about repair of previous damage as part of the process 
of urban development. Such regenerative design is applied to each of five urban 
fabric types using the new technologies and design systems that are driving the post-
COVID-19 economy. These are then shown to be absolutely requiring Smart City 
systems to make them mainstreamed into transforming urban economies.

4.1 � Introduction

The future is rapidly emerging as set out in Chap. 3, and it clearly will depend on 
new technologies, especially solar, batteries and electric vehicles, as the climate 
change agenda is driving this and the vast majority of finance is dependent on 
achieving zero carbon outcomes with zero poverty as the simplified goal for the rest 
of the SDGs. But as we showed there, the mainstreaming of these emerging tech-
nologies depends heavily on their integration using smart technology and smart 
systems. Thus, we need to develop new ways of assisting Smart Cities to grow and 
create new options for each part of the city and each part of the global world. They 
must go beyond the simple branding exercises so common in the past 20 years to 
addressing real issues prompted by realities such as urbanisation and fast-growing 
urban population, the COVID-19 pandemic and the crisis resulting from geopoliti-
cal conflicts.

This chapter will take the zero carbon-zero poverty agenda a step further. It will 
show that not only do we need to regenerate cities as in the ancient tradition of giv-
ing new life to old urban structures and fabrics (Hall 2008) but that we need to be 
guided by a new kind of goal that is emerging called regenerative development. 
Regenerative design has been created by architects in the past 20  years as they 
sought to create urban fabric that repaired the natural environment around them. 
The best examples of this approach have shown that natural systems of soils, water 
and biodiversity habitat have been regenerated through design that enables ecologi-
cal and landscape features to be prioritised with a focus on repair and rebuilding 
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their systems (Hes and Du Plessis 2014). This has shifted in more recent times to 
see how regenerative development can be applied to cities in a range of other ways 
(Thomson and Newman 2018). This chapter will describe how regenerative devel-
opment is emerging and how smart technology and smart systems are critical to this 
transition.

4.2 � Regenerative Approaches

4.2.1 � New Business Models for the New Economy

Table 4.1 showed that each wave of innovation leading to a new economic era was 
characterised by a new business model. So, what business model could enable the 
cities and regions of the world to flourish through their investments and manage-
ment systems? Two key ideas stand out: globalised localisation and regenerative 
ecosystems.

Globalised Localisation  The global economy has become a key part of the twenti-
eth century, and it is unlikely to lose its appeal as human curiosity for how the rest 
of the world works will always be there. It is also a world committed to zero poverty 
by 2030 through the SDG1, which have been adopted by every nation. This goal has 
been damaged by the impacts of COVID-19 like the near collapse of global econ-
omy and the disruptions of flow of money and the supply chain for major commodi-

Table 4.1  Technological approaches for the new economy and how they relate differently to five 
types of urban fabric

Approaches 
outcomes

Walking 
fabric Transit fabric

Automobile 
fabric

Peri-urban 
and rural 
village fabric

Remote 
settlement 
fabric

Renewable 
energy (PV-B)

Electromobility  
Micromobility

 
Transit and 
micromobility

 
Cars

 Cars 
and farm 
vehicles

 Off-road 
vehicles

Walkability and 
active transport

Smart city 
demand mgt

Hydrogen for 
industry

Circular economy

Biophilic 
urbanism

Permaculture
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ties especially food due to the Ukraine war prompted by Russia’s invasion. However, 
the notion of a global zero poverty economy will still drive the global agenda and 
requires each local economy to be picked up and given a new boost of localised 
development. This is appearing now to be associated with the zero carbon agenda 
through global finance and the UN’s climate change agenda.

Zero carbon needs to be achieved by 2050, and the IPCC (2022) suggests this 
needs to be 50% in place by 2030. As shown in Chap. 3, the zero carbon agenda is 
fundamental to the new economy and is shaping the nature of global markets – they 
are becoming more localised. The reason for this is that the technology is much 
localised and is often called ‘distributed’ rather than ‘centralised’. Solar and wind 
are very different across the globe and very variable. However, they are the cheapest 
form of energy now, so this will drive them into being developed in different ways 
in different places. They can also be applied in different parts of cities in different 
ways as will be set out in this chapter.

The application of renewable energy along with batteries and other storage was 
shown in Chap. 3 to be highly dependent on smart technology and smart systems 
that integrated these resources into achieving local outcomes as part of a wider sys-
tem. This is now called distributed energy resources (DER). DER is becoming a 
major strategy in cities and regions across the globe (Green and Newman 2022) and 
is the basis of what we are calling global localisation.

Global localisation will mean global partnerships in development everywhere 
with a particular focus for each place that needs localised perspectives and localised 
smart technology to make it work. Some of the opportunities and options are set out 
below. The transport options that are emerging are all electric, integrated into the 
local sources of solar and wind, but there are also many ways of reducing the need 
for automobile dependence and also the need for travel by plane. The global econ-
omy has now demonstrated it can involve less travel as routine meetings are shifted 
to computer interactions that have worked well during COVID-19 (Earley and 
Newman 2021). However, for this to continue post-COVID-19 will need greater 
focus on localisation in centres that can uptake the new technologies. The re-
localising of places that can enable people to value their place more (e.g. Beatley 
2004) has been a growing social movement for the past 50 years and reached a peak 
during the COVID-19 lockdown (Allam and Jones 2020). Businesses will need to 
work simultaneously on interpreting global trends and creatively addressing local 
places where they want to invest. Place will be important, and each community will 
have new tools to make their places better through localised infrastructure manage-
ment as well as localised services for a fuller range of activities.

Regenerative Ecosystems  The idea of regenerative development, as explained 
above, has come from architecture and design where it has been the focus of indi-
vidual buildings and groups of buildings that have sought to help repair the local 
environment. The new move is to take this idea and make it a much more global idea 
with application to broader environmental, social and economic assessment 
approaches including the zero carbon agenda (Newman 2019). The chapter will try 
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to show how this new agenda of regenerative development will need to include how 
Smart Cities can play a critical role in its delivery.

The bigger development agenda story can be shown in Fig. 4.1, setting out how 
environmental and social impact of economic development has been addressed in 
three stages: exploitive development, sustainable development and regenerative 
development.

The three stages are as follows:

•	 First, environmental and social impact began to be addressed through direct reg-
ulations and assessment processes from the 1970s responding to highly exploi-
tive development practices that had developed out of the modernist paradigm.

•	 Second, reducing economic and social impact shifted to the sustainable develop-
ment paradigm as it was seen that resource issues like energy, water and climate 
change could not be addressed unless economic and social factors were fully 
integrated with the environmental agendas that had dominated the need to mod-
ify exploitive development; this began to flatten the curve but it was not transfor-
mative enough.

•	 Finally, we are shifting to regenerative development where the curve turns over 
and dramatically reduces impact until it is able to actually regenerate the envi-
ronment (Thomson and Newman 2016). In climate terms, this will not just mean 
zero carbon but eventually extracting carbon from the atmosphere at a faster rate 
than it is going in (Flannery 2005). It will also enable zero poverty with a strong 
social agenda integrated into each element of development.

This is the hopeful approach that should be driving the next phase of economic 
activity, and there are signs that this regenerative approach may be an emerging 
paradigm as the need for a transformative outcome becomes more and more obvi-
ous (Newman 2020a) and more and more depends on cities showing how to do it 

Fig. 4.1  The transition in 
approach to development 
from exploitive to 
sustainable to regenerative. 
(Source: Newman 2019)
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Fig. 4.2  Smart 
regenerative cities

(Thomson and Newman 2016, 2018, 2020). It is particularly apparent in the sce-
narios being presented by the IPCC in its mitigation approaches that suggest the 
need for repair of the atmosphere not just reductions in greenhouse emissions, in 
order to bring the planet below 1.5 °C of warming.

Regenerative ecosystem is the term that can be used to explain how the smart 
technology systems outlined in Chap. 3 can be used to help with this new and more 
challenging goal of regenerating the global and local environment as part of the 
global and local economic and social systems. This will need to work through Smart 
City systems.

Business, governments and communities will need to create the ecosystems of 
cities as neural networks which learn and grow showing us how to make each place 
in a city or region achieve regenerative outcomes. This is the regenerative ecosys-
tem business model for development, and it will need to be explained in terms of 
how it can fit into different parts of the city along with globalised localisation. The 
next agenda is therefore smart, regenerative cities (Fig. 4.2).

4.3 � The Immediate- and the Long-Term Technologies 
for Smart Regenerative Cities

4.3.1 � The Immediate Term: Solar-EV-Batteries and Smart 
Technology Integration

As set out in Chap. 3, these technologies are dramatically growing and being 
adopted in many parts of the world and different parts of cities and regions to 
achieve zero carbon. They are mainstreaming as the flagship of the next industrial 
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revolution, and there is little doubt that they will be using more and more smart 
systems to enable them to operate effectively.

The next four technologies are frequently cited as being part of this industrial 
revolution (e.g. Garnaut 2019), but they are not yet as commercial as the solar-
battery-EV-smart technologies. They are at demonstration phase, and they could 
rapidly emerge, so it is important to try and see how they can fit into the smart 
regenerative future economy, but they are likely to be longer term yet still very 
important in the 2030s and certainly critical for 2050.

4.3.2 � Hydrogen-Based Industry

Hydrogen can be electrolysed from water by the use of solar energy and can be 
stored chemically and mechanically before being used in a variety of ways. The 
hydrogen fuel cell can enable mobility, but at this stage, it is two to three times the 
cost of Li-ion battery mobility mostly because of the thermodynamics of having 
such a light and highly reactive substance like hydrogen. It is being completely left 
behind in the competition for land transport including with heavy trucks and freight 
trains as the hydrogen is so hard to store and distribute compared to electricity. The 
main potential for hydrogen in transport though seems to be for heavy, long-range 
ships and planes. Electric ships and planes are emerging rapidly for short distances 
and lightweight services (Whitehead et al. 2022). Green hydrogen can be converted 
into ammonia that can be fitted directly into diesel-fuel ships, and hydrogen can be 
combined with CO2 from the atmosphere to create synthetic jet fuel (IPCC 2022).

The more rapidly emerging niche for hydrogen appears to be in industrial activ-
ity such as steel and cement production as well as metal refining (Garnaut 2019). 
Hydrogen is a rapidly growing commodity and should be part of the basis for next 
economy industrial growth as long as there is space for large solar-PV farms or wind 
farms and a water source to electrolyse for producing the hydrogen. The competi-
tive advantage of different cities and their regions to be the next hydrogen-based 
industrial complex is already evident (Nahum 2020; West Australian 
Government 2019).

The need for smart systems with each part of the hydrogen economy is emerging 
whenever a new kind of demonstration has been developed. One example in remote 
area settlements where stand-alone power systems are required has emerged in 
Western Australia. The solar-battery systems being installed on farms and small 
towns have usually had a diesel generator as backup for the times when the battery 
is not enough and the sun is no longer shining enough. An innovation by a small 
firm called Blue Diamond Machinery working with a French innovation (https://
www.bluedm.com.au/hydrogen-generators/) has created a hydrogen generator that 
uses a hydrogen fuel cell to provide the backup power; the hydrogen is created 
whenever the battery is filled and the excess power is used to hydrolyse water. The 
whole system is managed by smart systems that enable it to operate in all weather 
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and is highly portable like diesel generators have been for decades. The potential to 
fit this into small microgrids in cities is also something that is on the agenda.

4.3.3 � Circular Economy

Cities have been innovating for some time to reduce their metabolism, i.e., their 
resource inputs and their waste outputs (Newman and Kenworthy 1999). This has 
been given a new look as the agenda for a circular economy (Dohmen and Confiado 
2018; Petit-Boix and Leipold 2018). The technology for waste disposal in the past 
has been centralised, large scale and largely linear not circular, i.e. it has had little 
emphasis on recycling unless cities have been running out of space. The new sys-
tems for the circular economy are, like the other innovations discussed above, much 
smaller in scale and are able to be used in more localised and distributed situations, 
even in slum areas (Teferi and Newman 2018). Again, this small-scale approach to 
decarbonising the future will always need smart systems to integrate them into the 
cities where circular economy options are being sought.

An example of circular economy integration with smart systems is how bottles 
are recycled now by putting them in a reverse vending machine that can dispense 
money based on a sensor checking the bottle type or how lithium-ion battery metals 
(Li, V, Mn, Co, Ni) can be traced from their origins after being processed by doping 
and having blockchain trace exactly where they are and when they reach a recycling 
centre showing the industry facility what are their exact element compositions, so 
they can be sorted and extracted for future use.

4.3.4 � Biophilic Urbanism, Permaculture 
and Nature-Based Solutions

The modernism that helped build cities after the 1930s collapse did not have a 
strong awareness of the natural environment, or at least how we see it today. It is 
50 years since the first Earth Day showed how the blue planet viewed from space 
was facing new limits now described as the Anthropocene’s planetary boundaries 
(Steffen et al. 2015; Meyer and Newman 2020). The biggest part of that agenda is 
global climate change from fossil fuels and land clearing, which the above techno-
logical approaches are meant to address along with the other SDGs. But the local 
natural environment agenda within cities have also been growing and have now 
coalesced into two areas – biophilic urbanism and permaculture.

Biophilia was put on the agenda for cities by E. O. Wilson who showed that we 
cannot put ourselves above nature in our cities as we coevolved and need nature in 
our daily lives (Wilson 1984). The response has been a set of technological 
approaches that has shown how cities can build natural systems into and onto 
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buildings with green roofs and green walls and which converts water systems from 
drains to natural water courses (Beatley 2016; Soderlund 2019; Keller et al. 2008). 
The best examples have been in dense cities like Singapore that have been able to 
use high-rise structures as habitat like in forests (Newman 2014; Newman et  al. 
2012). The Biophilic Cities Network is growing across the globe and found that 
local biophilic features played a very strong role in the COVID-19 lockdown pro-
viding a healthy link to nature (https://www.biophiliccities.org/COVID-1919-
research). Biophilic urbanism is likely to be a feature of many new urban 
developments as the cost-effective attractions and local community building poten-
tial are high.

Biophilic urbanism will always be available as a simple set of landscaped areas, 
but to make high-intensity biophilics work in dense cities, there will need to be 
smart system integration. For example, in Singapore, the intensely developed green 
walls are fed with irrigation water dosed with fertilisers that are automatically added 
depending on what dosage is signalled by sensors in the soil.

Permaculture is similar to biophilic urbanism in its desire to link cities and nature 
using new kinds of technology and different approaches to how to make urban eco-
systems work better (Mollison and Holmgren 1978) but was essentially developed 
for suburbs with large spaces around houses, rather than the density where much 
biophilic urbanism has been applied. The new version of permaculture developed 
by Holmgren (2020) is called RetroSuburbia and is designed to rebuild suburbs 
around a new vision of shared economy, food growing and re-localised services. It 
may emerge with considerably more intensity as middle and outer suburbs begin to 
be rebuilt.

The idea of smart systems being needed to make permaculture more effective is 
not part of the history of this deeply held paradigm for how to shape the future. 
However, the principles of permaculture can be applied to any settlement and any 
kind of urban fabric no matter how dense, so it will be possible to find emerging 
examples of how this can be integrated into the future zero carbon-zero poverty city.

Some examples include how the principle of enabling ecological mixes of plants 
in gardens can be designed to attract insects and birds for year-round biodiversity 
attractions, but the actual activity may need visual sensors that can be recorded to 
show bird activity. Water sensitivity will always be sensitive no matter what kind of 
permaculture and what climate, but the value of sensors that can indicate when 
water stress is occurring will always be of value in a city where climate and soils 
will vary a lot.

The two concepts can be enriched in Smart Cities by ensuring they are intertwined 
with emerging trends, such as the adoption of nature-based solutions (NbS) within 
the urban sphere. These solutions seek to not only enhance the greening of cities but 
also ensure that nature is both preserved and to be maximally utilised to guarantee 
food sovereignty and reduce the impacts of unpredictable weather conditions (e.g. 
excessive flooding due to high precipitations) (Wendling et al. 2018). Additionally, 
the quality of life is expected to be improved via better air quality, increased recre-
ation spaces and green infrastructures such as tree-covered bicycle lanes, among 
others. An array of solutions now exists. For example, nature-based solutions such 
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as permeable pavements have the capacity to reduce the impacts of flooding by 
allowing water runoffs to penetrate the open spaces within the pavements (Muttuvelu 
et al. 2022). This is part of sustainable drainage systems that could be adopted in 
cities across the world, making them resilient against the impacts of climate change. 
In addition, excessive runoff waters could be redirected into artificial rain gardens 
that not only help reduce flooding but have the potential to increase the food supply 
in cities, thus guaranteeing food security.

Another nature-based solution that could be integrated into the Smart City agenda 
is the creation of man-made, urban wetlands. These are argued to hold immense 
potential in sustainability agendas as they serve as wastewater filters, hence helping 
in ensuring a sustainable supply of clean water in cities. Wetlands also serve as buf-
fer zones for water bodies, mainly from various pollutants that are on the rise in 
urban areas as the population in cities continue to increase (Rogerson et al. 2021). 
In addition to protecting water bodies, wetlands have the potential to provide habitat 
for wildlife, help regulate urban temperatures and open opportunities for economic 
activities like aquaculture (Cross 2018). The use of smart technologies such as high-
resolution satellites would be helpful in identifying areas within cities that could be 
most potent for constructing the wetlands, therefore allowing for the optimal utilisa-
tion of available land and resources and promoting other sustainable practices like 
conservation (Mahdianpari et al. 2020).

Adopting emerging urban planning models, especially those that promote 
greener and healthier mobility options, such as bicycles and walking, needs to be 
considered as key elements for urban regeneration. The impacts of conventional 
transportation options on the environment, human health, the economy and natural 
resources have been widely documented. There is a universal agreement on the need 
to shift to more sustainable, cost-effective, greener and economically accessible 
options. Cycling and walking have been fronted as being the most optimal for most 
cities. Experimentation with these options in cities like Paris has proven that these 
mobility options are practical and achievable. The advantage of these options is that 
they can utilise the existing transportation corridors, provided the lanes are strictly 
dedicated to alleviating negative impacts such as accidents. In doing so, further 
addition of hard infrastructure and mega projects can be reconsidered, in favour of 
softer options, which can also render more compact, diverse and vibrant cities, liv-
ing in harmony with both people and nature.

4.3.5 � Fitting These New Technologies into a Smart 
Regenerative City Through Local Community

The agenda to create solar-battery-electromobility-Smart City developments are now 
rolling out into all parts of cities and regions and are trialling different smart tech-
nology systems in different places. As these systems become established, it is likely 
that they will begin to incorporate circular economy, biophilic urbanism and 
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permaculture as they are all complementary to the decarbonised power agenda that 
is driving solar-battery EVs. All of these technological systems need to focus on a 
re-localised place in order to provide the Smart City integration necessary to make 
the system commercial and hence mainstream. These integrated systems would all 
be able to use AI or machine learning as the connections can be optimised as a sys-
tem rather than as separate systems. It means that cities and settlements with these 
smart regenerative systems would be an ecosystem with the equivalent of neural 
networks that enable it to respond to the changing weather and changing demands. 
This need not be expensive as smartphones can be used to manage them.

There will be a multiple set of agendas pushing this re-localising smart regenera-
tive city process, especially if it has the neural networks of machine learning that 
can be used for addressing adaptation to climate emergencies or future pandemics. 
But the mainstreaming of zero carbon and zero poverty will continue to be the main 
issue. All of the agendas depend on mobilising the social capital of a place and build 
the resilience that will be increasingly needed. In a film made through Curtin 
University and Canterbury University called Christchurch: Resilient City, the theme 
was how the rapid recovery of the city after one of the worst earthquakes in history 
was based on their strong local communities with their social capital able to help 
save lives (Blagg et al. 2014).

Such social capital forms the basis not just for responding to disasters but to 
creating long-term economic change. Social capital is critical for the localised tech-
nologies needed for zero carbon futures but also new job creation activity with local 
entrepreneurs to create zero poverty outcomes. Local social capital provides the 
support base needed to create new businesses as well as the new support systems 
provided by multiple smart, regenerative businesses all seeking to achieve the global 
outcomes of zero carbon and zero poverty.

Such local social capital is not just found in developed cities but is probably more 
evident in emerging cities where significant slum housing is evident. The approach 
to slum housing in the past has often been to clear the sites and move people into 
high-rise housing. Such modernist solutions have constantly failed as the tight 
social capital that helped hold the slum communities together is immediately lost. 
In a detailed study of slums in Jakarta and Addis Abba, detailed studies of people in 
slums were compared to those moved from slums into high-rise housing; the slum 
communities had significantly greater trust in their neighbours, shared more and 
provided money and help significantly more (Asseffa and Newman). The conclu-
sions were made easier in suggesting that the policy approach should be to use new 
zero carbon technologies to enable better power, water and sewerage, as these are 
now small scale and fit into such places effectively and cheaply without destroying 
the social capital (Asseffa and Newman). The new technology can indeed enable the 
socio-technical breakthrough for slum housing in creating the opportunity for the 
place to be given formal status instead of being informal that makes residents unable 
to have an address with access to banks and formal workforce opportunities. The 
smart systems of sharing can all be run through mobile phone apps that most in 
slums can use. Such a transition should be part of the acceleration into the future 
Smart Cities’ agenda.
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4.4 � Planning Implications for Smart Regenerative Cities

4.4.1 � Create Re-localised Centres with Smart City 
Regenerative Outcomes

Planners and other urban professionals have a new focus as they can implement all 
the major technological approaches for driving the new economy through re-
localising centres. The hydrogen industry agenda is slower than solar-battery EVs 
but will probably come within a decade as the technology becomes more commer-
cial. An example of an early hydrogen technology being used in remote areas is set 
out below. The other emerging technologies are circular economy, biophilic urban-
ism and permaculture which are all being trialled in various demonstrations but are 
not yet mainstreamed.

Re-localised centres will be very different places depending on the fabric in 
which they will be built (as outlined below). The key issue for planners is to ensure 
that common good outcomes are set for each localised centre. These can become 
regenerative outcomes if Smart City systems are used to learn how this can be done 
in ways that locals can envisage as well as ensuring that they are dense enough to 
provide the necessary services and that they are provided with all the required infra-
structure, especially transport (Newman 2016). These needs are best understood if 
the different qualities of urban fabrics are seen as the basis for these new smart 
regenerative cities.

4.4.2 � Tailor Re-localised Centres for Each Urban Fabric

One of the big problems with the modernism created by Le Corbusier and the 
Athens Charter in 1933 was that the modernism movement saw ‘one best way’ to 
create the city of the future. There was one urban system that needed to be mod-
ernised with freeways and housing estates often used as battering rams to ‘clean the 
slate’ (Jacobs 1961). Historical battles resulted and continued up until recently 
(Gaynor et al. 2017). These responses across the world have shown that walking 
urban fabric in the historic central area and the transit corridors created by the train 
and tram eras, as well as the new automobile-based suburbs outside these areas, are 
significantly different in their urban qualities and hence in how they are managed. 
As outlined in Chap. 3, the theory of urban fabrics shows how these three fabrics 
should be recognised, respected and rejuvenated differently (Newman et al. 2016). 
A further two fabrics were added due to the differences observed in the peri-urban 
fringe areas of cities which merge into rural village fabric (Newman et al. 2017), as 
well as remote settlements where mining camps, indigenous settlements and other 
smaller villages (often temporary recreational sites) are located (Newman et  al. 
2019). Each of these needs solutions to enable them to create re-localised centres 
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tailored to use their fabric for the best contributions to the smart regenerative cities 
of the future.

In Table  4.1, the core technological approaches that were outlined above are 
listed down in the left column, and the five different types of urban fabric are spread 
across the top. Inside the boxes are ticks that show the extent to which the core 
technological approach applies to that fabric.

4.4.2.1 � Applying Smart Regenerative Technologies to Urban Fabrics

	1.	 Central city walking cities are less able to install solar-PV but are ideal for walk-
able active transport and micromobility, smart systems, as well as biophilic 
urbanism. Circular economy and permaculture don’t work here without signifi-
cant extra costs, but this may change as technologies improve for particular func-
tions that fit high-rise buildings. The changes that enable solar to be part of glass 
and recycled wood in CLT are already being designed into high-rise buildings. 
The role of smart systems in cities for surveillance and information in smart and 
shared transport systems shows that the neural network concept may well emerge 
in old central cities as they move into the sixth wave of innovation after seeing 
out all five before this. They are usually very strong in the social capital needed 
to enable them to adopt to change, so we can expect a range of demonstration 
sites in central cities to emerge in the next decade.

	2.	 Transit city corridors are better for solar-PV and batteries, ideal for transit, 
micromobility and active transport, with some potential circular economy and 
biophilics with permaculture possibilities (perhaps in community spaces). These 
areas have generally been regenerated in the past decade as the move back into 
less automobile-dependent urban fabrics accelerated (Newman and Kenworthy 
2015a). As they have a higher concentration of housing than central cities with 
their emphasis on offices, these areas have developed strong commitments to 
new technology businesses that are able to utilise the urban fabric for face-to-
face activity such as project development and management operations. They are 
also where many education and health facilities exist. Such urban fabric is ideal 
for enabling smart regenerative demonstrations such as zero carbon corridors 
(Newman et al. 2021). The station precincts that already exist can be transformed 
into microgrid-based solar systems and many of the other technologies enabled 
to feed into such grids providing the basis for zero carbon products and services. 
Such areas are likely to grow rapidly if enabled to function in this way.

	3.	 The middle and outer suburbs of the automobile era are very good for solar-PV 
(in Australian cities, most of the poorer outer suburbs installed PV first (Newton 
and Newman 2013)), circular economy and permaculture but will need EV cars 
and buses with some new zero carbon corridors helping overcome automobile 
dependence. The industry estates could be enabled with hydrogen-based ser-
vices for industrial processing as well as solar. These would all be larger-scale 
projects as the space is greater, thus enabling processing and manufacturing of 
circular economy materials into a large array of zero carbon products. 
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Community-based permaculture can become the basis of social capital for 
enabling those who live in the area to be part of cooperatives for such green 
produce. All of these activities will need smart systems but at larger geographi-
cal scales and for different types of production and services.

	4.	 Rural villages and peri-urban areas will need to form new localised centres in 
order to make the most of the benefits of power and transport with integrated 
solar-PV-battery-electromobility and progressively with electrified agricultural 
vehicles feeding into stand-alone systems on farms. In these areas, permaculture 
food production has big opportunities as well as circular economy jobs and 
hydrogen-based industry at the scale that is presently seen in heavy industrial 
sites. All of these new technologies will again require smart systems, and they 
will have localised functions but at a bigger scale than in the city as they may not 
have any grid to depend on other than their own microgrid.

	5.	 Remote areas are ideal for microgrids of integrated solar-PV-batteries and elec-
tromobility whether in small indigenous villages or mining camps. In addition to 
these living sites that will generally have stand-alone power, there is a need to 
provide for the zero carbon future with very large-scale solar and hydrogen-
based industries. Already vast areas are being set aside for solar-PV farms that 
can provide the basis for the power and hydrogen-based industry that would be 
established mostly adjacent to mining areas. They will need plenty of space for 
substantial solar and wind farms for hydrogen production. This hydrogen is 
much better used locally as it is a very hard product to store and distribute but is 
very effective if used locally. Thermodynamics will favour localised green 
hydrogen production and usage in industrial processing of minerals and even 
agricultural products (Whitehead et  al. 2022). As outlined above, there are 
already commercial small-scale hydrogen generators that are being fitted to 
stand-alone power plants that presently have solar, batteries and backup diesel 
generators https://www.bluedm.com.au/hydrogen-generators/. Needless to say, 
this new technology needs smart systems to enable it to work, and it is being 
rolled out in the rural and remote areas of Australia for mining camps, remote 
indigenous settlements and farmers who are at end of grid and need more reli-
able systems. It is a very good example of good global localisation as it is likely 
to be highly relevant to any village or remote settlement and enable leapfrog 
economic development (Ndlovu et al. 2021).

4.4.3 � Reorient Transport and Urban Development Priorities 
to Suit Fabrics

The re-localised centres will be made viable or not by the transport priorities chosen 
to drive the urban regeneration. As Table 4.1 shows, there is a need to respect and 
regenerate each fabric type. For example:

4.4  Planning Implications for Smart Regenerative Cities

https://www.bluedm.com.au/hydrogen-generators/


68

	1.	 The central city needs to be a place for walking as that was its fabric and the 
demand to continue this is obviously growing. Models for this have been created 
around the world (Gehl 2010). Pedestrian and cycling infrastructure are the high-
est priority following the lead of London during COVID-19 (Quinn 2020).

	2.	 The transit city needs to be a place for high-quality transit and urban regenera-
tion around its stations. The demand for more of this has created the notion of 
transit activated corridors along main roads where new mid-tier battery-electric 
transit can move quickly along corridors and slowly through regenerated centres 
around stations where micromobility can feed the service and link the 
surroundings to their local activity centre (Newman et al. 2018). Making space 
in the road for such high capacity transit will be the next big issue in transport 
prioritising politics as main roads now need to be seen as major transit corridors 
with an important role in creating net zero urban regeneration.

	3.	 The automobile city needs to be where electric cars are at home as well as micro-
mobility for linking to new re-localised shopping and services centres but also to 
jobs in industrial estates, circular economy/recycling centres and permaculture 
food-growing areas. Finding ways to enable local car journeys but not cross city 
journeys will be a critical disjunction with fourth wave modernist cities. This 
area can include autonomous electric vehicles, but they are unlikely to be part of 
walking and transit fabric (Newman et al. 2019).

	4.	 Edge city fabric or peri-urban and rural villages need to have a multitude of func-
tions but mostly with a strong local focus; electric micromobility can still work 
in these areas as it can link to such areas for a 10 km radius without being too 
slow. Electro-mobility is likely to grow rapidly for such areas, e-micro-mobility, 
EV’s and for agricultural purposes electric tractors and farm machinery. 
However, they will still need to grow more compactly in rural villages to enable 
opportunities for the localised services to be provided, which could include an 
electric bus service to help those without electric vehicles. Models such as 
Witchcliffe Ecovillage can easily become the norm as they are cost-effective and 
on the right side of history in terms of climate-resilient development.

	5.	 Remote villages for indigenous and mining functions need to have electric off-
road vehicles linked to their solar-based recharge hubs. Many examples of solar 
villages have been demonstrated in both kinds of settlements, and it is now time 
to mainstream these.

The density of the re-localised ‘town’ centres in each fabric will reduce from the 
centre to the urban fringe but will need to be compact and walkable, or they will not 
work even further out in rural and remote areas (Newman et al. 2016; Thomson 
et al. 2016). Many mining villages are like medium density urban villages. Solar 
and battery recharge hub services will need to be available in all these re-localised 
centres as well as delivery hub services and as much Smart City support services to 
enable it to work as zero carbon places while enabling economic activity to flourish.

The developing world will need to approach each of these opportunities as 
though it was their chance to leap frog into the future as already economic develop-
ment based around solar-PV-battery-electromobility-Smart City innovations is 
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challenging traditional development as they are more appropriately scaled and have 
multiple benefits (Intergovernmental Panel on Climate Change (IPCC) 2019). China 
has led the way in many of these innovations being mainstreamed, and it is showing 
in their cities (Gao and Newman 2018). The innovations, being small scale, are also 
much more relevant to the vast areas of slum developments in the developing world 
that in modernism were destined only to be cleaned out, thus losing much of their 
important community structures (Teferi and Newman 2018). As outlined above, 
these tight structures are ideal for the small-scale energy, water and waste infra-
structure opportunities that can be managed locally (Teferi and Newman 2017). 
Mobile phones have rapidly become part of slums, so in a similar rapid process, 
developing cities could have better infrastructure in the post-COVID-19 recovery 
for both zero carbon and zero poverty. The same pattern across the great megacities 
of the developing world can pick up on the local community structures so common 
to them all and enable regenerative outcomes to be installed through these new 
technology systems (UNCRD 2019). Most of all, it will be zero carbon with all the 
SDGs including a strong local employment generator.

4.5 � Partnerships to Fund the Smart, Regenerative City

Re-localised centres and transit activated corridors using new technology systems 
all need to be funded. Public-private partnerships (PPPs) are the ideal approach for 
this integrated set of urban redevelopment technologies. This is not only because 
capital is scarce for governments but because the best way to create projects that are 
viable is around value uplift. Value is created from transit infrastructure, walkabil-
ity, biophilic features and other urban regeneration features (McIntosh et al. 2015; 
Matan and Newman 2016; Cabanek and Newman 2016). This can probably now be 
extended to all kinds of new re-localised centres across the city such as industrial 
estates, permaculture villages and rural and remote villages.

The package of technologies is symbiotic, and so is the need for symbiotic part-
nerships between all levels of government, the private development industry and 
local communities. The advantage in creating symbiotic partnerships is that in the 
process of using community-based approaches (Hartz-Karp and Marinova 2012), 
long-term commitments are enabled which form the basis for good government 
decisions, good financing arrangements and good community. Community values 
are fundamental to all viable, flourishing cities (Newman 2018). With strong com-
munity values supporting zero carbon-zero poverty development, it is likely to be 
much more feasible. Shared economy demonstrations with symbiotic partnerships 
are growing in number, and most are based around zero carbon-zero poverty values 
(Sharp 2018; Salter et al. 2019).

Cities cannot achieve the zero carbon-zero poverty agenda without substantial 
redevelopment, especially in their declining middle suburbs where old car-dependent 
suburbs are not finding the right model for redevelopment (Newton et al. 2012). As 
outlined above, the notion of transit activated corridors could enable this process if 
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set up with symbiotic partnerships to enable urban regeneration for the new econ-
omy. This is likely to be the biggest focus of development as the middle suburbs are 
the area where housing has reached the end of its life. Redevelopment of the ‘miss-
ing middle’ with the zero carbon-zero poverty agenda should involve a substantial 
proportion of affordable, social housing.

4.6 � Rewrite Manuals for the Smart Regenerative City

The manuals of modernism are alive and well on most urban professionals’ desks or 
at least in their computer models and assessment procedures based on an idea from 
the modernist tradition that there is a ‘one best way’ that can be applied across all 
parts of cities. The need to seek common good outcomes in planning and urban 
practices in general will still be needed, but there needs to be a new set of manuals 
created to go with the new economy, especially as they need to apply different 
approaches to each of the five urban fabrics (Newman 2016, 2017). There needs to 
be new zero carbon-zero poverty manuals for planning, transport, energy, water and 
waste, in fact in every area of the economy developed since the 1940s, with a focus 
on how they can be regulated and prioritised in their infrastructure, density and 
functions in a far more nuanced way. They will also need to understand how the 
integration of smart systems creates a whole range of new opportunities which 
undermine the need for simplistic modernist regulations that fit every part of the city 
with the same requirements. The new manuals will be much more focused on out-
comes and demonstrations of best practice.

This will not be easy as the socio-technical transition literature shows that there 
are endless barriers already preventing the major innovations being demonstrated 
for decarbonising the economy (Geels Frank et al. 2017). This can be seen espe-
cially in the culture of professionals and what they must do to show that their work 
matters. Rediscovering what matters and creating work around that will be an 
important new task for urban professionals everywhere. Perhaps the triage thinking 
of COVID-19 professionals can help work through new approaches to assessing 
projects so that projects don’t die due to years of linear, modernist regulatory assess-
ments that are no longer relevant (Newman 2020b).

4.7 � The Human Dimension: Cultural Urban Renaissance

John Montgomery (2017) followed up the theory of waves of innovations that 
changed economies across the globe in the last 200  years, by adding a human 
dimension – how cultures are part of this change. In particular, they are part of how 
they make cities come alive with different cultural expressions and provide the 
underlying values that enable the city to gain a new hope for the future underlying 
such activity.
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What kind of cultural dimension can underlie this change toward re-localised 
cities with reduced automobile dependence? It will more than likely be more urban 
not less urban. The fourth wave based on cars and oil was a suburban era, and there 
was a decline in inner and central cities as cities spread out following suburbanised 
work, housing and shopping (Newman and Kenworthy 1989, 1999, 2015a). 
However, the ICT-based fifth wave which suggested that cities may not even be 
needed as we could just scatter and telecommute (Webber 1963, 1964, 1968) did not 
happen, but instead, it was the basis of a new revival of urbanism that was based on 
the knowledge economy (Glaeser 2011). This required face-to-face meetings for the 
creative development of projects and soon created the phenomenon of peak car and 
the millennial generation movement back into more urban locations to live and 
work (Newman and Kenworthy 2015b). Florida (2019) has now suggested this was 
not deep enough in its ability to shape the city and rapidly ran out of the urban fabric 
that could be revived. However, the idea of re-localised centres in all five urban 
fabrics provides the basis for new, more urban development with a cultural basis in 
each of the five areas that supports its diversity of forms.

The human dimension of a city will be driven by the extent to which the formal 
and informal creative sector is able to help shape urban development; the evidence 
of recent decades would suggest that this will be with a more urban flavour and 
focus. This will be different in different cultures, but without a strong urbanism 
driving the future, there will not be a fundamental move away from the heavily car-
dependent fossil fuel-based city of the mid to late twentieth century for which much 
of the creative sector are now looking for something more (Gehl 2010). Florida 
(2018) suggests that the creative industry is a key contributor to urban economic 
growth. Now we sit poised with all the innovation tools that can enable a more 
robust urban culture and a more equitable and sustainable city, so we just need to 
add the creative industry with their urban flavour. Perhaps this city’s time has 
arrived, more so riding on emerging modern technologies such as AI, digital twins 
and 4G and 5G that have become key components of the creative industry.

4.8 � Conclusions

The growth of cities has been the basis of civilisation (Hall 2008), and thus cities 
will bring together the integrated agenda of zero carbon and zero poverty in a new 
phase of civility. Smart, regenerative cities in the future will simultaneously be cre-
ating a better global and local environment while creating liveability through a bet-
ter economy and increased social interactions. Some have seen a collapse of 
civilisation (Diamond 2005) and even ‘civicide’ (Hancock 2019) as the only realis-
tic outcome from the pathways that our cities were following – until the COVID-19 
collapse (Newman 2020b). Now we have the opportunity to create a new kind of 
civility based on zero carbon-zero poverty and focused attention on inclusivity and 
sustainability, which will need the following technological approaches:
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•	 Renewable energy especially locally applied solar-PV.
•	 Batteries and storage systems that enable renewables and electromobility.
•	 Electromobility and associated new transit, walkability and micromobility.
•	 Hydrogen-based industry replacing the last of the big systems needing fossil 

fuels: food processing, steel and other mineral processing (especially all the bat-
tery minerals) and cement production.

•	 Circular economy systems applied in industrial estates and through local com-
munities in each urban fabric.

•	 Biophilic urbanism that brings natural systems on and inside buildings to achieve 
new urban habitats and green infrastructure.

•	 Permaculture that can add new ways of growing food in the various different 
fabrics of cities and regions.

•	 Smart city technology that integrates all the above and enables all of these inno-
vations to work better. It is a critical feature and creates the ecosystems of cities 
as neural networks which learn and grow showing us how to make each place in 
a city or region achieve regenerative outcomes.

The first group of changes  – renewables, batteries and EVs  – appears to be 
already cost-effective as they are showing their prowess at supporting economies in 
the immediate post-COVID-19 rise to zero carbon economic recovery. The hydro-
gen, circular economy biophilics and permaculture are rapidly moving to be cost-
effective as they move up the multilevel perspective transition from niches to 
regimes of demonstrations (Geels Frank et al. 2017).

But the most significant point made in this chapter is that smart technology and 
systems are needed to integrate these technologies into each part and each fabric of 
the urban and regional systems that drive our economy. Investment will need to have 
assessment and planning processes that enable rather than drive away such changes 
and will need new manuals and new partnership processes that enable all levels of 
government to work with private finance and business, in close collaboration with 
communities whose place-based values need to drive all development and help cre-
ate local enterprises.

These processes will be a challenge for all urban leaders and professionals who 
must do more than simply wait for such technologies to solve everything. The need 
will be for solutions that combine these technologies with regenerative ecosystems 
applicable to particular places: in dense city centres, inner city corridors, suburban 
centres with estates for various functions and peri-urban, rural and remote villages. 
The human qualities of each place will be at the heart of how these new technologies 
can create re-localised places.

Urban professionals will need to rapidly change the manuals of modernism still 
so prevalent in their fourth wave engineering designs and statutory regulations. 
Cities that can quickly focus on how to mainstream their new planning and assess-
ment systems to create new centres of zero carbon-zero poverty urbanism are likely 
to be the new centres of civilisation, especially if they can work synchronously with 
the creative side of their cities.

4  Smart Cities and Regenerative Approaches: How Design with Smart City Tech Can…
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Smart cities need to be redefined into the regenerative design model of the future, 
or it will never have the values that determine the political drivers of change.
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Chapter 5
Smart Cultural and Inclusive Cities: How 
Smart City Can Help Urban Culture 
and Inclusion

Abstract  Even though liveability was a major focus of ancient and modern urban 
thinking, with an aim of enhancing both societal and economic benefits, the consid-
eration of cultural and inclusive attributes of cities is often overlooked. However, 
they are key in shaping people’s sense of belonging and in building the identity of 
places; hence, they are an essential dimension in the pursuit of urban sustainability. 
The current concept of Smart Cities undermines those attributes and tends to portray 
and promote modernist principles that smart digital data alone is all that is needed 
for making good cities. Such ideas are counterproductive in the preservation and 
celebration of culture and can exclude many parts of society. This chapter explores 
the paradigm of culture and inclusion and builds the case that they are pivotal ele-
ments in achieving sustainability and how Smart City technologies can be used to 
enable their better integration.

5.1 � Introduction

Good cities are those with a strong culture and are inclusive of all their residents and 
visitors; this is an ancient idea that has been necessary to rediscover over and over. 
In today’s world, modernist ideals from the 1930s began to assert that new technol-
ogy could enable good cities by clearing out the old cities of yesteryears and build-
ing new high-rise steel and concrete residences served by freeways that helped clean 
the slate from previous urbanism. The modernist city was driven by the need for 
mass production to create more housing for cities, especially those destroyed by two 
world wars. The modernist notions were motivated by equity and inclusion but did 
not have a strong link to culture, especially that which was expressed in the built 
form of older cities. The movement has been seriously criticised as outlined in pre-
vious chapters by Jacobs, Alexander and Salingaros, and a different approach based 
on respecting urban fabrics has been suggested as a better way to create a good city. 
However, modernism continues to drive much of the world’s cities, especially in 
low-income urbanism where high-rise buildings have become a symbol of modern, 
wealthy futures.
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The modernist city is not necessarily a Smart City as it is not about digital data; 
however, the modernist city became associated with the Smart City movement and 
raises issues about whether this association is helping or hindering in the creation of 
good cities. This chapter begins by addressing that issue. Then this chapter seeks to 
examine how culture and inclusion can be given higher priority in cities in ways that 
enable the regeneration of public spaces and the celebration of urban cultures in a 
fully inclusive way. This process is critical for the deeper values of cities that have 
been examined in the last three chapters and indeed are not just part of sustainabil-
ity, net zero and regenerative design, but they are essential for being a good city. In 
this lens, we address culture within the built environment, i.e. narrowed to architec-
ture and sites, responding to ‘tangible’ attributes.

The question of this chapter is how Smart City technologies and systems enable 
culture and inclusion while also enabling sustainability, net zero and regenerative 
design outcomes?

5.2 � Modernism, Sustainability, Culture and Smart Cities

As the world witnesses an increase in urbanisation, there is a resulting boom in the 
construction industry aimed at trying to satisfy the increased demand for residential 
and commercial spaces. The UN Habitat (2020) notes that currently, the number of 
people living in urban areas is 55% and, by 2050, it will have risen to 70% (Kaneda 
et al. 2020; UN Habitat 2018; United Nations 2016), hence providing the construc-
tion industry with an increasing demand. City managers and developers respond to 
increasing demand by providing as much housing as possible on any available site, 
and this invariably has modernist construction techniques and architecture. These 
technologies have been beneficial to the construction industry where it is now pos-
sible to construct momentous structures with the potential to house hundreds of 
people and commercial activities in one building. The question is whether such 
construction is able to address issues of culture and sustainability and whether smart 
systems can help or not?

This modern approach of construction is hailed as the best way to proceed in 
low-income cities especially, but most fast-growing cities in high-income countries 
with spatial issues have also prioritised high-rise building (Alli and Moon 2018). 
The number of high-rise architectural buildings globally has increased exponen-
tially. In 2017 alone, it is reported that approximately 144 skyscraper projects were 
completed in 69 cities distributed in 23 countries globally (Council on Tall Buildings 
and Urban Habitat (CTBUH) 2018). However, those can be detrimental to areas that 
are traditionally characterised as holders of rich historical heritage and where the 
fabric celebrates unique constructions of both historical and cultural value (Tangbin 
2012). Even though this trend to modernism in architecture has often been criticised 
by many as being both unsustainable and unconducive to the preservation of culture 
(Al-Kodmany 2018; Pruetz 2017), there are others that believe that there is a cohab-
itation to be achieved (Rosen and Charney 2016; Appert and Montes 2015).
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The primary argument against modernism is the pursuit of building cities char-
acterised of high-rise building and other avant-garde structures ultimately leading to 
the creation of homogenous landscapes that overshadow the traditional heritage 
inherent to old and unique cultural fabric. For instance, an abundance of modern 
structures in London is deemed to be harming the historical landscape of the city 
(Milmo 2015). Similar challenges are reported in Istanbul, Turkey (Sev et al. 2011), 
Doha (Boussaa 2014) and Chicago (UNESCO 2017a) among many cities across the 
globe. Often critics attribute this pursuit to short-term planning policies that are 
synonymous with low-income and emerging economies who have little choice but 
to build such mass housing. But in high and emerging economies, the criticism is 
that modernist architecture is simply to portray themselves as having modern out-
looks (Murray 2012). Mazzetto (2018) views the idea of replacing the historic cul-
tural heritage of cities with modern architecture as trying to change local identity 
and culture, an approach that is very often contested (Boussaa 2017). A case in point 
is one advanced by Boussaa (2017) touching on the regeneration and revitalisation 
of Msheireb, Doha, Qatar. According to him, though this strategy is focused on giv-
ing the city a new look, the only way to discover the urban identity of this city is 
revisiting its roots and cultural practices. Ultimately, the consequences of such poli-
cies are to be thought from a long-term perspective. From this regard, it has been 
observed that there are substantial economic losses from the adoption of modernist 
principles in cities (Cheshmehzangi 2015). This argument is based on the fact that 
the cultural attributes from heritage buildings, and from old neighbourhoods, have 
unique attributes that are often sought from a business perspective, as they offer a 
lifestyle that is increasingly in demand (UNESCO 2016). Hegazy (2015) showcases 
that conservation efforts on historical buildings in most developing countries have 
had numerous positive benefits, namely, in their potential to attract more tourists, 
improve on the wellbeing of the locals by creating employment opportunities and 
creating more business opportunities such as in the hospitality industry and cottage 
industries that allow locals to manufacture local products in small industries.

The observation by Hegazy (2015) is of significance to developing economies, 
especially with the role of technology gaining an increased adoption in the cultural 
sphere. Just like some developing countries have managed to reap from their strat-
egy of preserving the historical architectures, developing economies could also 
feather their economic fortunes by capitalising on their unique culture and identity. 
Instead of concentrating on erecting structures that identify them as modern like 
their developed counterparts, they can utilise the opportunities availed by advanced 
technologies to brand their cultural and historical heritage and position it as one of 
their economic strongholds. In particular, the adoption of the concept of Smart City 
would allow them to use technology in innovative ways and provide opportunities 
to raise funds to renovate some of the historical architectures and reuse them in 
areas like hospitality industry or museums like in the case of the Guggenheim 
Bilbao Museum.

5.2  Modernism, Sustainability, Culture and Smart Cities
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5.2.1 � What About Sustainability?

Chong and Balasingam (2018) emphasise that increasing the adaptive usability of 
such sites has a multiplier effect where other economic activities, based on local 
culture and talent, would emerge, hence, in the long run, promoting inclusivity and 
sustainability. De Cesari and Dimova (2019) are of the opinion that the adoption of 
technology can help spur the sustainable development and inclusive growth, espe-
cially if this is done to economically capitalise on the cultural heritage of the local 
neighbourhoods. To further encourage this, Pietro et al. (2018) highlight that the use 
of technology can help in financing mechanisms and further increase the democra-
tisation in the way heritage resources are managed and allow for the trickling down 
effect of benefits to locals who are part and parcel of the heritage fabric. In Malaysia, 
for example, advanced technology has been integrated in the country’s built cultural 
heritage, and this has allowed for the growth in the local communities, and as a 
result, the inhabitants are able to experience improved value in all aspects of the city 
fabric as reported by Bakri et al. (2015).

All these comments in the last paragraph are similar to the criticism levelled at 
Smart Cities in the last few chapters. To suggest that somehow modernism will 
magically provide sustainability outcomes simply by increasing economic activity 
or being more in tune with culture is just not right. There is no guarantee of this 
flow-on into sustainability. Technology needs to be given direction. These two com-
ments are similar to the criticism levelled at Smart Cities in the last few chapters that 
somehow modernism will magically provide sustainability outcomes simply by 
increasing economic activity. Technology from smart systems, sustainability and 
culture need to be integrated into the design and procurement process based on the 
deeper values of a city. This chapter will seek to illustrate this further.

5.3 � Culture and Sustainable Urban Development

The cultural identity intrinsic to cities differs as those are subject to different factors 
linked to political, economic and cultural dimensions. The United Nations (2015) 
emphasise that for cities to achieve sustainable development, these three factors 
need to be dwelled into but, most importantly, need to include the cultural factor, 
which unfortunately is not emphasised enough in urban regenerative frameworks 
and models (Lazaroiu and Roscia 2012). As is reported by the World Bank (2018), 
until some decades ago, cultural heritage was not considered as an important aspect 
in the development of cities. For this reason, the report documents that a substantial 
number of cultural heritage sites around the world had been neglected and some 
were destroyed in the favour of modern constructions in city upgrading programs 
since those were not considered to hold much significant value in cities. A similar 
observation is made in a report by Boussaa (2014) who argue many cultural sites are 
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facing diverse challenges especially those that are geared toward adoption of mod-
ern urban trend.

Even though modernist approaches are negating the unique identity of cultural 
fabrics, the contribution of culture in urban areas is apparent (Allam and Newman 
2018b; Labadi et al. 2021). It is now viewed as part and parcel of urban agendas, 
and as Wilson (2017) posits, culture is viewed as being a subset of the sustainable 
development goals (SDGs) and even eventually leads to their achievement. This 
proposition is clearly captured in a resolution made during the International 
Conference on Cultural Policies for Development (UNESCO 1998) in Stockholm 
back in 1998. The resolution proposed that policies on culture are to be considered 
as integral components of urban development agendas. This is also well captured in 
the 17 SDGs ought to be achieved by 2030. Though not explicitly mentioned as a 
stand-alone goal, as noted in a UCLG (2018) report, the concept of culture and its 
contribution in sustainability is captured in targets 4.7, 8.3, 8.9, and 11.4 of the 
SDGs. Its significances in cities are also captured in the New Urban Agenda (UN 
Habitat III 2016), where it is hailed as ‘a source of enrichment for humankind and 
in the sustainable development of cities’. On the same, UNESCO has been in the 
forefront advocating for inclusion of cultural heritage in urban sustainable planning 
and policy discussion especially by noting how it contributes to the success of 
emerging cities and wellbeing of smaller urban vulnerable communities (UNESCO 
2017b). UNESCO states that, by preserving and celebrating local cultures, eco-
nomic activities powered by increased tourism, innovation and creativity and 
employment opportunities are bound to increase to the benefit of both governments 
and the local communities (Haans and Witteloostuijn 2016).

The inclusion of culture in urban development through projects and policies is 
thus paramount. This is so noting that the future of the world population is expected 
to reside in urban areas. Indeed, this number is foreseen to reach over 70% by 2050 
and is understood to eventually lead to expand on issues like poverty, environmental 
degradation, scarcity of housing and the inequality in supply of basic resources. 
Nevertheless, UNCTAD (2018) and Oad et al. (2018), among others, note that by 
taping on the rich cultural diversity of cities, such problems can be overcome as this 
approach promotes creativity, job creation and diverse background exchanges, 
hence increasing innovation and creativity. By promoting the cultural dimension of 
cities, UNESCO (2009) found out that economic fronts like tourism, performing art 
and heritage and small manufacturing industries tied to culture and historical sites 
have the potential to contribute greatly to the growth of local and regional econo-
mies. This proposition is supported by the fact that these sectors were responsible 
for over 6.1% growth in the global economy, which is equivalent to $ 4.3 trillion 
per annum globally, in 2015, a percentage that has risen to over 7.9% as of 2017 of 
the global economy and job opportunities for over 30 million people. In addition, 
the cultural industry has the potential to foster social cohesion and integration, help 
in strengthening of cultural diversity and improve on national identity and attract 
foreign direct investments (FDIs), among many other benefits (Fonseca et al. 2018; 
Vecco and Imperiale 2018; NatalinaCarrà 2016; Caust and Vecco 2017).

5.3  Culture and Sustainable Urban Development
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The above benefits from the inclusion of culture in urban planning are not over-
stated, as those have been tried and tested in numerous cities, and have been known 
to improve on liveability levels, relative to modern cities. A notable example is 
Central Norway, which is home to Røros, a World Heritage Site characterised by 
dense and historic wooden urban structures (Bye 2008). It is argued that the pres-
ence of this site has promoted a compact urban centre with locals reporting high 
levels of satisfaction. Another example is Mexico City, which prides a myriad of 
historical buildings and a rich cultural heritage that has been outstanding in promot-
ing its economic agendas (Garcia and Piccio 2018). Similarly, it is said that the 
cultural landmarks, like the historic buildings that uniquely identify Mexico City, 
have served as a social bond. Other cities that are within this category include 
Barcelona, London, Amsterdam (Angelidou et  al. 2017b), Porto (Liberato et  al. 
2018), Tokyo and a score of Chinese cities (Yang and Černevičiūtė 2017), among 
many others. However, there are numerous cities where the cultural dimension is 
not capitalised on and slowly facing a state of decay, thus losing on economic ben-
efits along with the identity of place. An example of this is the small island nation 
of Mauritius (Allam 2018).

Though some quarters have advanced that culturally oriented cities have higher 
developmental potential as opposed to modern ones, it is believed that the cohabitat-
ing of best practices from the two school of thoughts can reap higher benefits (Siew 
and Allam 2017). This is true especially by leveraging on the power of technology 
to bring the best of cultural attributes and integrate it with modern trends like the 
emerging concept of Smart City. Angelidou et al. (2017b) posit that such a model 
that marries the two distinct lines of thinking can benefit urban areas by bringing 
prosperity, efficiency and competitiveness in different fronts while, at the same 
time, maintaining a unique identity highlighted by local culture and heritage. The 
city would then benefit by having its cultural heritage preserved and buildings reno-
vated and reused to maximise on their potential and, at the same time, pacing toward 
sustainable development and improving on economic growth (Franco 2018).

5.4 � Cultural Heritage and the Economy

The contribution of cultural heritage in society is generally considered to be immea-
surable and insatiable. EY (2015) argues that, together with creativity, cultural heri-
tage serves as the societal binding glue especially noting that it has a relationship 
with politics, society, environment, economy and technology. The ability to link the 
past, the present and the future furthermore makes culture a strong societal compo-
nent that needs to be placed at the centre stage of any policy framework.

The investment in cultural heritage is seen as one of the most potent strategies 
that a city can employ to promote its job creation strategies, increase income flow 
and foster competitiveness of the urban fabric to support local policies of economic 
empowerment and resilience (Lavarone et al. 2019; Allam and Newman 2018a, b; 
Allam 2012). Bowitz and Ibenholt (2006) argue that by promoting cultural heritage 
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and conserving historical sites, activities celebrating the urban fabric such as local 
festivals, amusement parks and culturally oriented products can be made to mush-
room, hence increasing tourism activities both from domestic and foreign visitors 
and impacting on the local and regional economy.

Vegheș (2018) suggests that the advancement in technology has allowed differ-
ent cities and governments to market their cultural heritage, thus evoking interest 
among people, irrespective of locality and context to learn more about, and to seek, 
cultural experience. This is accentuated by a flourishing economy surrounding the 
urban cultural dimension. An OECD (2018b) report documented that the marketing 
strategy on cultural goods and services is enabled by modern trends like digitalisa-
tion and globalisation. Those enable access to technologies applicable to the cul-
tural sphere, at almost real time and at a reduced cost. The report advances that these 
trends are made possible by the fact that culture is now already well integrated in 
areas like education, health and welfare and economic sectors where it plays an 
instrumental role, especially in improving quality of life. Lekaota (2018) adds that, 
unlike in the past where only locals or central governments were benefiting from 
most cultural heritage products and services, the increased profit-sharing strategies 
adopted in different places incorporating even the local communities are yielding 
positive results which are benefiting immediate economies. Given this, there are 
numerous creative and innovative products and services currently being developed 
around the world, which are helping to fuel conservation efforts and are widely 
praised. To affirm this, a UNESCO report (Intellectual Property Watch 2016) high-
lights that, in the recent past, the number of cultural products and services being 
patented is increasing and ranges from artefacts, songs and music, festivals and 
games, documentaries, jewelleries and other wearable and historical sites, among 
many others. This highlights the increasing interest, adoption and economic poten-
tial of such approach.

EY (2015) further posits that cultural heritage does not only help local communi-
ties to improve on liveability but is now being also used as a broader tool for urban 
regeneration. For instance, the city of Bilbao, Spain, stands as a testament to this 
following the construction of the Guggenheim Museum. Reports (Plöger 2008; EY 
2015) indicate that this city was marred by many challenges like petty crime, inad-
equate living conditions, uncontrolled immigrant unemployment, crisis and unem-
ployment with only 25% of its habitats employed in the 1990s. Nevertheless, though 
deemed as an expensive expedition, the revitalisation of Guggenheim Museum sig-
nificantly addressed unemployment through a number of factors. First, after com-
pletion, the project employed over 1000 full-time workers. Second, the museum 
attracted numerous other economic activities like in the hospitality industry due to 
its tourist attractiveness which have high traffics since then as depicted in the 
Fig. 5.1. In fact, even after the impact of COVID-19, the museum is reported to have 
started recovering as from 2021, and it is projected to continue attracting more visi-
tors post-pandemic. Plaza and Haarich (2013) highlight that such increase is 
prompted by the branding effect of the museum, placing it in the league of global 
touristic destination of choice.

5.4  Cultural Heritage and the Economy
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Fig. 5.1  Annual visitors to the Guggenheim Museum in Bilbao, Spain, from 2010 to 2021. 
(Source: Statista 2019; López 2022)

The overall impact of the revitalisation of the museum is the regeneration of the 
city of Bilbao from its previous status to a modern city that has the potential to sup-
port its residents and visitors within its fabric. Kaczmarska and Kaczmarska (2018) 
note that the museum humanised the city, fostered its attractiveness and created 
opportunities for modern solutions to be integrated in architectural and design 
works targeting different aspects of the urban fabric.

Another city capitalised on its cultural heritage is the city of Nantes. Having its 
historical identities, like its shipbuilding industry collapse, the city was under severe 
economic stress (Nicolas 2014). Nevertheless, its fortune changed when ‘La 
Machine’, a street theatre company, decided to revive the historical shipbuilding 
yards and warehouses with a different economic activity while capitalising on the 
cultural strength of the locality along with innovation and creativity (Dunmall 
2016). This started with a festival which incorporated theatre, art and music and 
later grown to internationally attractive events like the ‘Voyage à Nantes’ (Mansfield 
2017), which is said to have attracted economic returns of over €48.8 million in 
2016. Interestingly, through the cultural sphere, the city of Nantes has embraced 
modern trends like Smart City infrastructures coupled with world-class hospitality 
infrastructures, and the city is now taunted as among the fastest growing in France 
due to its liveability level.

As noted by UNESCO (2016), various cities around the world have adopted 
culture as a pivotal pillar of their economy. This fact is supported by increasing 
activities linked to the improvement of cultural heritage and historical sites, and 
Soutinho (2018) further shares that the contribution of culture in improving the 
urban values and the conservation and preservation of cultural heritage needs to be 
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at the forefront of urban regeneration conversations. He argues that through culture, 
small and medium-size cities can join their larger ones in maximising their cultural 
endowment to compensate for resource limitations. The main attraction in culture is 
its ability to spur increased job opportunity, promote local business and promote 
cultural tourism, which is benefiting many cities. For instance, the reconstruction 
and rehabilitation of such historic sites like the Sankore Mosque in Timbuktu, Mali, 
which was destroyed in 2012 (Jarus 2013), and the Al-Askari Shrine, Samarra, Iraq, 
have attracted not only financial benefits but contributed to restoration of social 
cohesion, a factor that is paramount in the economic growth of a city.

Interestingly, it is seen that countries benefit greatly from cultural economy. 
Figure  5.2 showcases the contribution of culture to the various countries of the 
European Union.

5.4.1 � Can Culture and Heritage Prompt Enough Capital 
for Smart City Concept Implementation?

Soutinho (2018) outlines a list of cities like the city of Baena, Spain; Dodoni, 
Greece; Cahors, Southern France; Espinho, Portugal; Montova, Italy; and Armagh, 
Northern Ireland which are capitalising on their cultural heritage to improve their 
economy. California City, which is home to Hollywood, is also a classical example 
of how much culture can contribute to the economy. It is reported that in 2018, its 
gross domestic product (GDP) was over $2.7  trillion, a figure that makes it the 
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world’s fifth largest economy (Cooper 2018). The cultural sector, which is largely 
represented by Hollywood, contributed a sizeable amount of revenue in terms of 
taxes, wages and associated businesses. For instance, it is reported (Busch 2018) 
that in 2018, this sector paid out $49 billion to local business and employed over 
2.1 million people. Overall, the cultural sector is deemed one of the most profitable 
in the USA, contributing over $804.2 billion in 2016 (Bureau of Economic Analysis 
2019), representing 4.3% of its GDP in the same year. Table 5.1 represents the eco-
nomic contribution and employment generated by culture in various cities, thus 
showcasing that it has the potential to yield substantial financial resources for the 
implementation of the Smart City agendas.

There are other cities distributed in countries like the UK, China, the USA, 
Australia, Malaysia, Turkey, Egypt and India, among many others, that have 
advanced and branded themselves by capitalising on their creative and cultural 
industries (CCI) (Garcia and Piccio) as shared by Oad et al. (2018). These authors 
report that CCI contribute to over 4.2%, 5.2% and 6.37% of the GDP in diverse cit-
ies located in the USA, the UK and China and have employed more people than any 
other sectors in these countries. Furthermore, a report by EY [25] evaluates the 
global contribution of CCI to $2250 billion.

Table 5.1  Economic contribution and employment generated by culture

City
Economic contribution 
from cultural heritage

Employment from 
cultural heritage Sources

California $49 billion 2.1 million Cooper (2018)
St. Louis $590.9 million 19,129 Hellmuth (2017)
Rome Not available 250,300 Antorio Arts Council (2018)
Toronto $11.3 billion 174,000 Toronto (2017)
Ontario $25.7 billion 269,000 Antorio Arts Council (2018)
London £3.7 billion 196,000 World City Culture Forum (2018) 

and Cebr (2018)
Brussels Not available 76,400 World City Culture Forum (2018)
Bueno 
Aires

Not available 28,760 World City Culture Forum (2018)

Cape Town Not available 83,490 World City Culture Forum (2018)
Dublin Not available 6000 World City Culture Forum (2018)
Helsinki Not available 32,170 World City Culture Forum (2018)
Hong 
Kong

5% or $17.02 billion 40,400 World City Culture Forum (2018) 
and Hong Kong Economic (2018)

Los 
Angeles

$115 billion 1.6 million World City Culture Forum (2018) 
and Otis Collage of Art an Design 
(2018)

Melbourne $23 billion 202,760 World City Culture Forum (2018) 
and Cuthbertson (2017)

Zürich Not available 38,188 World City Culture Forum (2018)
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5.5 � Cultural Heritage and Technology

The marriage of culture and technology has allowed for unbarred innovation and 
creativity which in turn has positioned cultural products and services as economic 
pillars and has opened opportunities to expand those beyond physical items. The EY 
(2015) report denotes that through technology, the cultural world is now becoming 
more diversified and competitive. For instance, prior to 2015, physical musical 
products had been dominant, but this changed in favour of the digital music market 
(Hassan 2016). It is further recorded that in 2015, the digital cultural segment 
accounted for over 45% of all the sales, while physical goods trailed only at 39%. 
In 2018, Hernandez (2018) further reported that the digital market had risen to 87% 
(75% streaming and 12% download), with the physical market only accounting for 
a low of 10% of the total music sale. The same trends are real in the sale of other 
products like books, videos and games, among many others. The find of this report 
attributes these successes in digital cultural products to ease of entry in the market 
enabled by unlimited potential of technology and its advancement thereof. One such 
potential is the idea of digital distribution where event organisers are reported to use 
cultural data to promote events and also to sell the e-tickets to targeted groups and 
consumers.

In addition, technology has allowed for the creation of progressive products and 
services in various realms such as virtual reality, 3D modelling, augmented reality 
and others (Ramos et al. 2018; Jung and Dieck 2017). Through these platforms, 
products such as advanced video games and state-of-the-art mobile applications 
have been developed and spurred cultural heritage likeability to new heights. For 
instance, in Italy, a country with rich culture, especially captured well in some of its 
iconic historical sites like the Coliseum, there is a new technologically powered 
initiative by the name of ARmedia 3D Tracker that allows visitors to visually, in a 
3D representation, experience the Coliseum by reconstructing the missing pieces 
that were part of this iconic structure many years back (JCDecaux 2014). Through 
this platform, visitors are able to visualise how the entire building was rendered dur-
ing its glorious days (Zarzycki 2016). A similar application is the Imayana, which 
allows a virtual tour of Bordeaux which was in operation during the eighteenth 
century (Cloutet 2012). Google Street View is another wonderful application that 
has been used to give its users virtual image of how cities and allows for an increased 
audience to experience the unique fabrics of old towns and cities (Dredge 2016).

Going further from the heritage component, it is also possible, through Google 
Street View, to have a virtual tour of how the Freedom Tower in New York looked 
at every stage of its construction till its current form. Those tools are however not 
used only as recreational elements and are even used for educational purposes. 
Mortara et al. (2014) share how serious games (games meant for educational pur-
poses) are now being used as learning tool for different cultural contents, hence 
exposing various cultures in both an entertaining and educational manner. In light to 
this, statistics shows that there are nearly 3 billion video gamers globally, rendering 
consumer spending to nearly $78 billion, and this figure is projected to rise abruptly 
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in coming years (Ivan 2022). Therefore, capitalising on this surge and from the 
interest of the gaming industry into historic screenplays (e.g. Assassin’s Creed), 
industries linked to cultural heritage is bound to grow as more types of digital prod-
ucts are introduced.

Cities, especially those that have already embraced the concept of Smart Cities, 
have the potential to utilise technology to further integrate cultural dimensions, and 
those could be further accentuated by the adoption of a series of fiscal incentives as 
in the case of Mauritius (Allam and Newman 2018a; Allam et al. 2018). These tech-
nologies could allow for cultural data gathering and sharing via the different plat-
forms and, by so doing, help in promoting economic activities linked with culture. 
If planned correctly, it can thus be seen that the construction of smart infrastructures 
with optimal use of resources and the improvement in the security sectors, among 
others, can be made to support cultural dimensions of cities. For instance, the tech-
nologies are paramount in the rehabilitation and preservation efforts and also in 
securing historical sites at risk from terrorists, illicit traffickers of cultural products 
like artefacts or weather-related incidences like flooding and earthquakes. Soutinho 
(2018) asserts that these technologies have the potential to advance agendas and 
conversations that are geared toward encouraging maximum utilisation of cultural 
resource and, in the course of doing this, promote revitalisation and reconstruction 
efforts.

5.6 � Cultural Heritage and the Smart City

Even though the role of technology is clearly beneficial for the promotion of culture, 
it is however not always implemented in technologically driven initiatives. In sup-
port of this proposition, Franco (2018) argues that, in more cases than not, espe-
cially in cities, the focus of managements while introducing new technologies in 
their jurisdiction is geared toward infrastructure, security, housing and combating 
impacts of climate change, among other challenges, but rarely is directly linked to 
cultural heritage. He suggests that most technologically oriented initiatives, unless 
adequately addressed, are not compatible with cultural attributes, especially in 
regard to restoration and rehabilitation.

Some scholars (Klimovský et al. 2016; Azad et al. 2010) believe that cultural 
practices and heritage can be interpreted as being obstacles and as a resistance to the 
adoption of technology and to its advancement. For instance, Cameron and 
Kenderdine (2010) argue that technology is sometimes perceived in some quarter as 
counterintuitive, hence, limiting access to material culture, and others believe that 
technology has the potential to raise concerns over ‘ownership of heritage’. 
Klimovský et al. (2016) argue that, in instances where the public is not well versed 
or informed about the role of technology, especially with issues that have to do with 
their culture, they are bound to resist it by citing concerns related to security, control 
and unwarranted use of their data. However, Lewis et al. (2018) suggest that cultural 
heritage, through its diverse unique characteristics, has the potential to foster 
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increased social inclusion and promote people’s identities and, in the course of 
doing this, allow for integration of technologies. In particular, in the recent past, 
with increasing loss of heritage linked to terrorism activities in cities, there is 
increased application of technology to secure and preserve architectural heritage 
that is at great risk of being lost completely. For instance, it has been found that 
through technologies such as cloud services, it is now possible to store and share 
information and details about how different cultural heritages have been trans-
formed, an exercise that was inclusively confined in the hands of archives, hence 
rendering it inaccessible to the public (Riganti 2017; Allam and Dhunny 2019).

Angelidou et al. (2017a) explain that a majority of local authorities and govern-
ments opt for Smart City concepts and rely on technology, to achieve prosperity, 
effectiveness, sustainability and competitiveness in all aspects of their cities. Though 
similar objectives are advanced in the pursuit of cultural heritage management, it 
has been observed that a majority of Smart City projects barely integrate cultural 
dimensions in their endeavours (Fernandez-Anez et al. 2018b; Riganti 2017). This 
is so despite the fact that the term ‘cultural heritage’ encompasses diverse categories 
of heritage. A UNESCO (2017b) report outlines these categories in the form of (i) 
tangible (movable, immovable, underwater) and (ii) intangible (UN Habitat III) cul-
tural heritage. In cities, one or more of these categories of cultural heritage may be 
present and need to be considered during the planning and implementation stage of 
Smart City technology implementation so as to optimise the experience of the resi-
dents. Nevertheless, a survey of literature showcases that despite the importance of 
those cultural elements, the cultural theme is mostly not in the numerous Smart City 
models as shown in Table 5.2.

Table 5.2  Inclusion of culture as a primary dimension in Smart City models

Smart city model
Inclusion of culture
Yes No

Lazaroiu and Roscia (2012) X
Sepasgozar et al. (2019) X
Fernandez-Anez et al. (2018a) X
Psomadaki et al. (2018) X
Andrisano et al. (2018) X
Ferrer (2017) X
Cugurullo (2017) X
Yigitcanlar et al. (2018) X
Yigitcanlar and Lee (2014) X
Zvolska et al. (2018) X
Caprotti (2018) X
De Azambuja et al. (2014) X
Cowley and Caprotti (2018) X
Angelidou et al. (2017a) X
Caird and Hallett (2018) X

5.6  Cultural Heritage and the Smart City



90

Despite the push and pull on the need to include culture in the Smart City imple-
mentation agenda, it has been found that its inclusion has far more benefits in those 
cities that are characterised by rich cultural fabrics. Vecco and Imperiale (2018) 
suggest that cultural heritage is a nonrenewable resource that cannot be replaced 
once destroyed, and this quality positions them as key contributors to economic 
growth. This fact is tied to their unmetered quality in attracting tourism activities, 
creating job opportunities and fostering social cohesion. However, these authors 
acknowledge that cultural tourism is threatened by factors like wars, illegal traffick-
ing of cultural products, uncontrolled tourism activities and limited budgets. In the 
recent past, due to the increased attack on cultural heritage, multifaceted efforts to 
reverse the said factors have been initiated in different quarters (Bokova 2017; 
Weiss and Connelly 2019), and this is bound to benefit cities that have factored in 
the cultural aspects in their plans. Psomadaki et al. (2018) explain that such benefits 
arise partly in the form of increased funding from international originations such as 
UNESCO in their bid to help prevent destruction and also help economies to attract 
foreign direct investments through, and in, the cultural heritage dimension of cities.

Angelidou et al. (2017a) are of the opinion that Smart Cities that have placed 
emphasis on cultural heritage benefit from the citizen acceptance of their project. 
This is informed by the fact that most Smart City projects are geared toward address-
ing local needs and challenges and development demands that are prompted by the 
cultural identity of cities (Allam and Dhunny 2019; Allam 2018). Marsella and 
Marzoli (2017) argue that among the local demands is the preservation of local 
culture, historical sites and cultural products, and with the Smart City technologies 
such as big data and artificial intelligence, they argue that such demand would be 
easily met. The authors explain that where cultural dimensions are already part of 
the Smart City agenda, there would be reduction of costs, especially those dedicated 
in conservation and rehabilitation of historical sites and in digitisation of different 
cultural aspects. Thus, integrating culture in Smart City agenda is also taunted as a 
smart move in addressing the challenge of housing and scarcity of space (Allam and 
Jones 2019). In particular, this is possible through the reconstruction, rehabilitation 
and reuse of some of historical site for other activities with higher economic returns, 
but those that are not bound to compromise the cultural aspect of the infrastructure 
(Farrag and Abouhadid 2018).

Culture can thus be shown to support the increase of liveability levels and could 
equally be combined to Smart City models which are also portrayed to support the 
same goals. A combination of both could potentially result in better outcomes to 
support increasing sustainability, liveability and inclusivity levels.

Culture and creativity are closely linked, and in Newman (2020), the idea of a 
new kind of creativity emerging as part of the new regenerative economy is out-
lined. The notion of a creative city is developed where indigenous place-based 
urbanism is integrated into the way that nature-based planning is able to create the 
more biophilic and wild aspects to a city as well as something deeply beneficial to 
community growth.
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5.7 � Slum Regeneration, Community and Smart City

In 2003, there were an estimated 1 billion slum dwellers in the world; by 2020, this 
figure doubled to two billion people (UN Habitat 2022). Urbanisation is a global 
phenomenon, sometimes leading to the dramatic growth of cities and urban districts 
which can stretch the ability of the city to provide sufficient adequate housing. In 
developing countries, informal urbanism emerges from their massive rural-urban 
migration movements. Currently, an estimated 72% of urban dwellers in sub-
Saharan Africa are living in such informal slums. With only an estimated 24% of the 
population living in urban areas, East Africa remains the least urbanised subregion 
in Africa, so if that changes, the amount of informal settlement in Africa may grow 
even faster.

Slum redevelopments have had mixed success in improving the sustainability of 
human settlements. Slum settlements in many emerging cities face many challenges 
due to their economic status and environmental problems; however, they have a 
major benefit: their culture of social cohesion is very high. So is it possible that this 
foundational characteristic can be better accommodated in any slum settlement 
schemes?

Teferi and Newman (2017) have used the extended metabolism model (see 
Fig. 5.3) to assess the resource consumption, wastes and liveability outcomes in a 
study that compares the informal slum settlements in Addis Ababa with high-rise 
slum clearance apartments. This kind of modernist high-rise approach has been 
used as the main slum clearance model for the world’s informal settlements which 
are called the organic model in the study by Teferi and Newman (2017).
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Fig. 5.3  Extended metabolism of Addis Ababa organic slum settlements of modernist high-rise 
slum clearance settlements
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The results show very little difference in resource consumption and waste pro-
duced but show liveability outcomes are mixed: economic benefit is substantially 
improved in the high-rise areas due to becoming part of the formal economy, but 
community networks and trust are substantially lost when people transfer from the 
slums. Thus, all the community benefits that are in reality the culture of the organic 
settlement are lost when the community is broken up.

The economic outcomes from the new high-rise development are significantly 
better than the informal slums, probably because the residents are given a formal 
address and hence can access the formal economy in terms of banking, education 
and employment. It is critical that this element is maintained in any slum manage-
ment policy as it is a major step in providing people to end extreme poverty and also 
to help in the development of the whole city.

The study suggests that slum policy could be shifted from the modernist high-
rise slum clearance approach to a more organic community-based renewal of the 
slums themselves. The study suggests that indeed Smart City technology can fit into 
the structure of the informal settlements to enable its basic infrastructure to be 
upgraded and even made net zero. The infrastructure for energy, water and waste 
can be brought in and made part of a community. New technology that fits into 
community-based governance structures allows such infrastructure to be a viable 
option as well as enabling formal economy benefits as the small-scale systems are 
just as capable of enabling an informal settlement to be formalised (see case study 
on slum in Malang, Indonesia, using small-scale sewage works; Newman and 
Kenworthy 1999a, b).
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Smart city systems can be used to assist the management of energy, water and 
waste in small-scale distributed systems. Metering can be linked to a mobile phone 
and enable a system for managing the local area while also having government 
oversight through a digital link. The emergence of such demonstrations is some-
thing that can be linked to climate change funds or other aid projects.

Slums play an important role in building the city economy, in particular through 
the hard work of new migrants and their work in the informal sector, which is a 
vibrant support to the city economic system. The total contribution to employment 
by the formal sector in Addis Ababa is only 30%, the balance coming from the 
informal sector which is said to account for 70% of total employment. Thus, any 
disruption in the informal sector has implications for the city and its functioning. By 
providing a formal address and upgrading process in either the organic in situ 
approach or the modernist high-rise approach, the economic outcomes are likely to 
be similar.

However, the biggest difference between the slums and the high-rise projects is 
the astonishing difference in community trust and networks between the two settle-
ment types. In the slums, people feel secure and borrow tools and money from the 
neighbours, but this is much less in the high-rise projects. There are ways this can 
be understood in terms of design where simple, walkable links are available between 
slum houses, but in high rise, the units are separated with little consideration of the 
need for community. There are architects who do find ways of building more com-
munity into high-rise developments, but as outlined, it may be a better approach to 
create organic in situ development that builds on the social capital in communities 
while enabling better metabolism and better economic outcomes.

The organic model based on in situ slum upgrading is an instrument that prom-
ises to promote empowerment, integrated urban development and social cohesion as 
well as the environmental upgrading so eagerly desired and the opportunity to 
enable economic development. This is a more compelling approach against the 
backdrop of ever-increasing urban unemployment, poverty and widening socioeco-
nomic inequalities as well as the lack of government funds for large-scale interven-
tions. To do so will need some appropriate Smart City technology to enable 
management of the small-scale systems, like rooftop energy production.

In order to achieve sustainable slum improvement, planners and city policy mak-
ers should recognise the value in slum settlement patterns and seek to build on the 
social capital that exists inside the urban fabric. In situ community-based, compre-
hensive slum upgrading does just that. There are now technologies for infrastructure 
upgrading using Smart City and small-scale net zero energy, water and waste sys-
tems that can make it possible to maintain the community and unleash a process of 
upgrading that is self-sustaining rather than requiring massive government interven-
tion as seen in the slum clearance programs.
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5.8 � Conclusion

This chapter examined the role of culture as a driver for sustainable urban develop-
ment and underlined how it has contributions impacting on all dimensions of the 
economy, society and environment, which can lead to the promotion of liveability 
within cities through social inclusiveness and citizen participation. This has been 
outlined in low- and high-income cities. Smart City technologies are now critical to 
enabling many of these desired outcomes. While those outcomes are seen as 
promising dimensions, it is unfortunately not well adopted in the contemporary 
notion of Smart Cities. The technology inherent to Smart Cities can support cultural 
dimensions and can thus further enhance its contribution to urban fabrics in terms 
of job creation, revenue generation and sustainability outcomes. Smart City redefi-
nition needs to include the cultural and inclusive community values of regenerative 
urbanism.
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Chapter 6
Smart Cities and the Urban Economy: 
How Smart City Can Integrate Good 
Urban Economies

Abstract  As the Smart City concept gains traction worldwide through the adoption 
of the technologies inherent to the concept, the potential increase in urban economic 
performance through efficiency and liveability levels of cities is welcomed. 
However, the cost factor associated with the adoption of those technologies is seen 
as unaffordable to some cities. Financing is increasingly leading to public-private 
partnerships that can provide the kind of mechanism that is best for delivering smart 
systems with sustainability outcomes. However, there are growing concerns of data 
privacy with PPPs. The need for regulatory frameworks that prevent the misuse of 
data should pave the way to enabling Smart City economic development based on 
soft and hard infrastructure integration and partnerships.

6.1 � Introduction

The concept of Smart Cities is seen by some as the ‘silver bullet’ for solving numer-
ous urban challenges. Cities today serve as the political headquarters, religious 
headquarters, centres for higher learning facilities and institutions and centres for 
science and technologies while offering improved and quality healthcare services, 
increased employment opportunities and quality hospitality services. However, 
most urban areas are also characterised by high urbanisation rates and a rapid popu-
lation increase; these two phenomena translate into challenges ranging from traffic, 
pollution, unaffordable housing and unsustainable consumption of available 
resources, social inequalities and urban sprawl, among many others. In the course 
of trying to surmount these challenges, the Smart City concept has been seen as 
being among the most potent and practical approach (Allam 2021a), and it has been 
embraced in many places. Silva et al. (2018) suggest that Smart City systems can 
optimise the available infrastructure to solve numerous challenges, which, in its 
absence, would be solved by the adoption of such strategies like the expansion of 
hard infrastructures, among others, which have proven futile in many occasions. A 
report by McKinsey and Company (2018a) highlights that opting for expansion of 
infrastructure, without Smart City systems, may take years, and the same challenge 
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can be done faster and, sometimes, more cost-effective. This is the fundamental idea 
behind the economic benefit of Smart City.

The Smart City technologies such as the Internet of Things (IoT), artificial intel-
ligence (AI), machine learning, big data and cloud computing have been outlined in 
other chapters to show how they can help solve urban challenges such as transport, 
energy, water, waste and construction, as well as social infrastructure involved in 
health, recreation, tourism, emergency services and education (Allam and Dhunny 
2019). These technologies yield high volumes of real-time and comprehensive data, 
which, when analysed, facilitates speedy, efficient and on-point solutions to a pleth-
ora of these challenges. The adoption of Smart City systems is known to lead to an 
increase in both efficiency and performance of cities and, thus, can impact directly 
on the urban economy and echo positively on the GDPs.

Sepasgozar et al. (2018) argue that the ability to solve numerous challenges like 
traffic, security and environmental issues, as well as helping issues related to hous-
ing and business registrations, among many other solutions, enabled by Smart City 
technologies, has had positive impacts on attracting business opportunities in many 
cities. For instance, some cities have improved on their tourism status, others have 
managed to improve on job creation and employment opportunities, and others have 
managed to improve existing infrastructures such as in the case of Bilbao 
(Guggenheim Museum) and Nantes (old ship assembly warehouses) to economi-
cally revitalise their urban fabric, leading to higher liveability standards while shap-
ing unique cultural urban identities.

However, the smart technologies that are associated with this concept are often 
seen as expensive, particularly noting that they are usually proprietary technologies 
offered by large ICT corporations. Chang et  al. (2018) attribute the costs, partly 
with what he argues to be the ‘complex, complicated and chaotic nature of cities’, 
which make the installation of the smart components quite cumbersome. Chamoso 
et al. (2018) suggest that most of the providers of the relevant Smart City technolo-
gies are business oriented and, in competition, and would endeavour to maximise 
their profits as well as edge out their competitors. McKinsey and Company (2018b) 
note that such companies like IBM and Cisco which are among the leading compa-
nies in the sale of hardware, software, digital services, platforms and solutions have 
managed to make substantial profits since they have the capacity to provide Smart 
City technologies.

One way this is done is through their systems being unregulated; hence, they are 
provided as highly individualised solutions. Yigitcanlar et al. (2018) suggest that 
most of the Smart City components and platforms that each provider sells are not 
standardised, in terms of either protocols or systems; hence, city managers are pres-
sured to contract more than one service provider, making the exercise rather expen-
sive. This is true, especially when the capital investment is compared to the time it 
takes for return on investments to be realised. A sizeable number of smart projects 
in cities do not necessarily translate to direct financial returns but are geared toward 
promoting other services and ultimately boosting economic growth (Sarkar 2018; 
Hamilton and Zhu 2018). Unfortunately, most urban areas do have the financial 
capabilities to finance such projects, especially to fund customisable solutions made 
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to address local challenges and/or projects with no direct financial returns to their 
successful completion. Therefore, this encourages cities to partner with selected 
private companies in the form of public-private partnerships (PPPs) to encourage 
investments in order to ensure its adoption at local level (Fishman and Flynn 2018; 
Milenković et al. 2017).

Those kinds of direct partnerships, however, are often contested as they open 
avenues for unsustainable and even unethical practices. First, as noted above, most 
of the companies are business oriented and would maximise their returns whenever 
an opportunity arises (Lam and Ma 2018). Second, such companies are often given 
very attractive tax rebates and incentives that allow them to dominate local markets 
such that small local companies are locked out of the competition (Cruz and 
Sarmento 2017). This makes it hard for new entrants, especially small, local ones, 
as it means that such large corporations would continue being part of projects in 
terms of operation and maintenance, services that local companies could be made to 
offer at high costs when they would do it better and cheaper (Allam et al. 2018; 
Allam and Newman 2018a). Moreover, for small local companies to engage at a 
later stage in projects, they would still need those large corporations since they con-
trol the proprietary technologies, in most cases, for the platforms and systems on 
which the concept is built. Large corporations monopolising the market can also 
misuse data for private purposes without caring for the privacy or security of citi-
zens. Hollands (2015) further notes that such data could even be used as a cam-
paigning tool as corporations try to gain an economic edge in the pursuit market 
control.

These issues of privacy and control were outlined in other chapters and continue 
to grow as a shadow over Smart City outcomes. However, the economy of cities can 
also benefit from Smart City systems; hence, there is need for new urban economy 
models that are ethical, inclusive and sustainable. It is critical that local companies 
and small start-ups that would help in easing the burden of unemployment, have 
local solutions to many of the sustainability issues outlined and can provide cost-
effective bids for implementing such projects can have the opportunity to sprout and 
grow (Söderström et al. 2014). The chapter explores how this can be achieved.

6.2 � Urban Regeneration and Economic Growth

Cities around the world have been striving to achieve sustainability and resilience in 
various forms, and a majority are targeting to improve their economic fronts by 
adopting different strategies like embracing Smart City technologies and capitalising 
on their cultural heritage and by adopting regeneration programs. The latter is hailed 
for the role it plays in fostering economic growth, especially through investments 
and face lifting activities targeting public infrastructures that on their end render a 
positive economic environment (Iovino 2018; Križnik 2018). Those programs are 
deemed important even when other strategies are to be implemented as they touch 
on infrastructural development, which are core to any urban economic activity. For 
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instance, regeneration is seen as a nexus to safety and security in the cities, and this 
helps in attracting more investment in the neighbourhoods as those are seen as being 
desirable environments to live, work and play (Serrano et al. 2016; Tulumello 2017). 
A case in point is the transformation that the regeneration program brought in the 
city of Bilbao when the Guggenheim Museum was introduced, leading to the uplift-
ing of the urban fabric (Baniotopoulou 2001). It is observed that before the program 
was initiated, the city of Bilbao leered in insecurity, dilapidated infrastructures and 
low economic activities, among many other forms of negatives (Wünsch 2017). 
Nevertheless, as it stands today, the city is now an economically vibrant metropoli-
tan area that attracts visitors globally. This celebrated fabric now hosts numerous 
businesses where both locals and foreigners are able to earn a living (Plaza and 
Haarich 2013). One notable aspect learned from this case is that regeneration pro-
grams, if properly done, can open doors for foreign direct investments (FDIs) while, 
at the same time, allowing other strategies to unfold. This has been seen in other 
cities such as the city of Nantes (Mansfield 2017), Singapore (Bosch et al. 2017; 
EDB Singapore 2017) and Lhasa in Tibet (Zhang and Wei 2017), among others, that 
have regeneration to thank for their current status.

In order for regeneration programs to happen, one needs to take the risk for the 
initial investment in public infrastructures, but those are often thought to be the duty 
of government, either local or national. This is so because most public infrastruc-
tures are capital intensive and do not always have direct, short-term returns but are 
mostly undertaken to boost other sectors that, when compounded, results in tangible 
economic growth (de Paepa et al. 2017). The risk factor arises as most urban infra-
structures are exposed to challenges like climate change-related disasters and threat-
ened by human activities like terrorism and wanton destructions by ill-minded 
individuals. The risk also arises as there is no guarantee that the intended outcomes 
would be achieved; hence, most such programs are left in the hands of governments, 
which usually have the capacity to undertake substantial financial commitments that 
are synonymous with such projects (Ebrahim and Tavakoli 2016).

In cases where governments are not in a position to successfully finance such 
projects, they usually have the facilities of securing financial supports from different 
sources in the forms of foreign aids or loans from both local and international lend-
ers. Indeed, such financing models have been in play in many economies where, 
especially in emerging economies, those have provided unnecessarily financial 
strains as countries face difficulties in honouring the repayment of loans. Brednkamp 
et al. (2019) highlight that among some of the consequences of struggling to pay or 
ultimately defaulting the payments include such issues as governments forfeiting 
their strategic assets to the lenders while also affecting the societal liveability levels 
on the long run. They explain that in most cases, projects financed under such 
unsustainable loans eventually stall or, if complete, are not of the quality that they 
deserve. Reinhart (2019) further posits that, in most cases where governments are 
caught up in the maze of unsustainable loans, the underlying reasons are either 
instigated by the action of the lenders who sometimes fashion the contracts to favour 
their side or from the failure of the governments to contain such issues like corrup-
tion, embezzlement of funds, rent seeking behaviour or failure to have a concrete, 
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long-term development agenda. Mustapha and Prizzon (2018) also attribute this to 
the trend where most economies, especially in emerging and developing countries, 
opt to seek financing from ‘nontraditional official and private lenders’, who, as 
noted above, are more business oriented and naturally would want to maximise their 
returns at the expense of the borrower. They explain that this often happen as these 
lenders are not always careful and transparent by ensuring information sharing with 
their clients is actualised in the right way and at the right time.

With the above consequences already active in a number of economies, the theme 
of financing urban regeneration projects is thus often seen as a complex endeavour 
even though it is viewed as fundamental for building both economic resilience for 
public institutions while supporting conducive business environments and societal 
liveability levels. Andersen (2018) posits that this complexity arises since it calls 
into action the need to balance between seeking external financiers and applying 
financial mechanisms that allow the governments to self-fund projects. When exter-
nal assistance is sought, it leads to debts, which sometimes prompt increasing taxes 
and reduce spending on entitlement programs like education and healthcare to ser-
vice these debts. The first scenario is deemed as optimal but can only be achieved 
with strong debt management programs in place as advised by Mustapha and 
Prizzon (2018), while the second scenario is said to have the potential to spur chal-
lenges like social and economic inequalities and also lead to stalled projects, since 
the financial burden they raise may not be weighed down by only relying on public 
financing. If the two scenarios are not checked, they ultimately lead to stifled eco-
nomic growth; hence, the ultimate objectives of regeneration are lost. Though these 
challenges are eminent, adopting prudent financing mechanisms is paramount as the 
overall return from regenerated infrastructures has been found to have positive 
impacts on all aspect of the urban fabric.

6.3 � Smart Cities and the Economy

The economic benefits of the Smart City assembly of technologies are apparent. 
This provides an attractive narrative to many seeking more vibrant economies and 
resonates even to smaller economies and developing countries. For those economies 
that have already implemented many of these technologies, the outcome is evident 
in various aspects of their urban fabric. In particular, numerous economic activities 
have been supported by these technologies in such sectors like tourism and hospital-
ity (Allam 2021b), transport and communication sectors, art, culture and creative 
industry (Llillevold and Haarstad 2019; Lavarone et al. 2019) and financial sectors, 
among many others. These sectors have in turn created employment opportunities 
for locals and also allowed them to capitalise on their cultural advantages to set up 
businesses in varying scales (Zvolska et  al. 2018; Yigitcanlar et  al. 2018). 
Furthermore, Smart Cities indirectly contribute to local economic growth by facili-
tating increased efficiency in most parts of the economy including the very expen-
sive health sector (Pham et al. 2017).
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Smart city technologies, especially in existing cities and built environment, are 
said to be less intrusive since they can fully rely on digital infrastructures (Shelton 
et al. 2014) unlike other large projects that demand the installation of hard infra-
structures, posing a lot of challenges to planners and urban designers (Caragliu et al. 
2011). As outlined in Chap. 3, the new decarbonised economy has now recognised 
that the best technological options of solar, battery and electric vehicles are small 
scale and can be delivered quickly and easily. However, they must necessarily 
involve smart systems that can integrate them into the urban fabric at different scales 
and different parts of the city. This fact, however, does not take away their potential 
to increase efficiency and sound performance of the resulting urban economies.

Many cities in the lower income part of the world have been reeling in a myriad 
of challenges, especially for lack of reliable data that planners and other stakehold-
ers can rely on to solve urban challenges. To improve on the urban economy and 
other issues, Smart Cities, as showcased by Quiñones et al. (2018), emphasise the 
importance of data. Every infrastructure installed for the next economy needs to 
focus on capturing and generating data, which are then analysed and shared in real 
time to the respective agencies, utilities and companies responsible for managing 
them. Cheng et al. (2018) highlight that this data allows for real-time solution for a 
myriad of challenges that confront the city. This allows for quick action to address 
each issue accordingly. Sorda (2018) argues that improvement in technologies such 
as machine learning will mimic the concept of neural plasticity which may enable 
prediction of happenings like the change in weather patterns that is likely to impact 
on most cities for 30–50 years to come. Application of other emerging technologies 
such as the 5G and anticipated 6G, the digital twins and artificial reality will further 
play significant roles in cities (Moore 2020; Guilford 2019; Allam and Jones 2021). 
These innovations in future adaptation to climate change will assist with the effi-
ciency of the urban fabric which directly relates to the performance of the local 
economy (Smith et al. 2022; Allam and Newman 2018b; Yang et al. 2022).

The problem that constantly arises is how such data are associated with the wider 
issues of data collected by companies as the basis of advertising and control of 
ideas, even controlling elections. And the use of surveillance data for various impo-
sitions of human rights continues to be an issue of concern. Data is the tool of sci-
ence and engineering and is critical for solving issues, and hence commentators like 
Anand and Navío-Marco (2018) suggest that data is needed for the core functions 
associated with resource management, waste management and environmental sus-
tainability concerns. The values associated with these must be integrated with the 
values associated with privacy, human rights and managing the broader concerns 
of data.

Despite the numerous benefits that Smart City infrastructure promises to cities, 
especially on their economic front, funding such projects is often a challenge, espe-
cially in emerging economies. Notably, this is because there is a lack of financing 
models that are exclusively associated with Smart Cities and how the technologies 
can be integrated into their other key objectives, including net zero and other SDGs. 
Flynn et al. (2018) support this argument by noting that the newness of this concept 
means that they lack basic and universally agreed frameworks under which smart 
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cities can be financed. They explain that, since most of the Smart City technologies 
demand modernisation of existing infrastructure or development of new infrastruc-
ture all together, a financial burden that is daunting for traditional financing models, 
most financiers would require a concrete conviction as to how they would get an 
attractive return on investment. In addition, with emerging economies, there are 
challenges of debt-to-GDP ratios, i.e. the amount of debt that the country owns both 
internal and external and where borrowings surpass its real GDP (hence, requiring 
a substantial amount of time to repay). Other problems with gaining finance include 
corruption, unclear procurement procedures, political instability and technical risks 
that require to be addressed so as to gain investor confidence for a financing model 
(Fishman and Flynn 2018).

Despite the shortcomings of not having a general financing model common for 
Smart City investments, emerging economies have the opportunity to capitalise on 
this very shortcoming to choose from the list of general financing models as advised 
in a Deloitte report (Flynn et al. 2018). These models include project finance, loans 
and leases, vendor finance, concessional finance, multilateral risk guarantees, mul-
tilateral credit guarantee and blended finance. On the same report, it is argued that 
local governments can opt to enter into procurements with private investors by 
adopting contracts that are best suited for Smart City infrastructures. The different 
types of contracts is as depicted in Fig. 6.1.

6.4 � Financing Mechanisms: Public-Private 
Partnerships (PPPs)

The demand for Smart City and sustainability-based infrastructure in cities is so 
pressing and momentous that even economies that are not financially strong have 
been observed to go at lengths to ensure the upgrade of their urban infrastructure. To 
this end, cities have been observed to lure potential financiers by offering them 
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attractive fiscal incentives that would guarantee sound returns and a conducive busi-
ness environment for them to operate (Allam and Newman 2018a). Besides attract-
ing financiers, the use of fiscal mechanisms in the uplifting of infrastructures has 
been observed to be a strategy being adopted by economies to encourage private 
investments in the public realm, hence allowing the governments to escape the bur-
den of seeking financial support from lenders who may not necessarily offer loan 
facilities that would guarantee sustainability outcomes and high end returns from 
the projects (Liu et al. 2018). Also, such financing models allow governments to 
concentrate on other projects especially those with social aspects like education, 
healthcare and security, while key hard infrastructure is also being developed (World 
Bank Group 2018).

With those in place, locals and relatively smaller private companies and finan-
ciers may feel safer in taking the risk of committing resources into the projects, a 
case which is different when such partnership incentives are absent or meagre. 
McGreal et al. (2002) explain that fiscal mechanisms are also useful tools that have 
been used to ensure developments are not overemphasised on only one area or on 
sensitive areas like on Greenfields. Here, governments are said to deploy tax disin-
centives and penalties to areas developments are deemed as counterproductive and, 
at the same time, advance tax rebates, breaks and other incentives to such areas that 
require substantial attention. This would ensure even distribution of developments 
especially in terms of infrastructure. However, those have been often criticised as 
being inequitable and encouraging gentrification in the long run, when policies are 
only geared toward short-term planning (Morisson and Bevalicqua 2018).

Cities that utilise fiscal partnership mechanisms to facilitate implementation of 
projects, especially those that entail digital infrastructure, are said to require fewer 
financial commitments relative to stand-alone hard infrastructure. Soft (digital) 
infrastructures are the kind of Smart City infrastructure combined with net zero and 
other sustainability-based hard infrastructure outlined in this book. Thus, this 
partnership-based financing model could be the answer to financing and delivering 
Smart City and regenerative design implementation models.

Because digital infrastructure is based on the generation of substantial amounts 
of data, there are avenues regarding data management which are not clearly defined 
in contemporary legislation in many economies (Klievink et al. 2017; Malik 2013). 
Therefore, contracting private companies to undertake projects of such nature can 
be a catch-22 situation, especially if the company exploits the data systems for self-
ish profit-making agendas or for the sole purpose of gaining competitive advantages 
over its peers. However, the case of making sustainability outcomes much more the 
focus of such Smart City systems would suggest that these regulatory issues on data 
management must be given a high priority. This can include regulating to prevent 
the use of public data by foreign companies for international security purposes.

With these regulatory controls, it is possible to make fiscal mechanisms and 
PPPs work. One advantage of adopting either fiscal mechanisms or PPP, or a com-
bination of both, is that governments are securing guarantees for the completion of 
projects, regardless of their sizes since most companies that have been observed to 
enter into such agreements have the financial ability, technical capacity and 
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experience. These factors are paramount when looking at projects of national sig-
nificance (Van Winden and van den Buuse 2017). It has also been observed that 
most companies that have the capacity to implement Smart City projects tend to 
retain an involvement in various capacities even when the projects are deemed as 
being completed. While this is portrayed as being the reason for lack of sufficient 
qualified personnel at local level to take over the project, it has been argued that 
those are encouraged so as to provide companies a longer time period to recoup on 
their investment (Collier and Cust 2015). This is a dangerous undertaking as it both 
hinders economic viability of the business community and offers avenues for 
monopolising data gathered from the numerous sensors across the Smart City net-
works. This would evoke the fear of privacy among citizens and would mean low 
acceptability of the concept as a whole. This calls for stringent regulatory measures 
to ensure such compromises are checked. Similarly, care should be extended to 
ensure that the cost of the projects is representative of the work, since the contracted 
partners may capitalise on fiscal tools to earn maximum revenues, thus making proj-
ects relatively higher than they would cost if financed under the linear financ-
ing model.

It is worthwhile to note that the two models are encouraged because the linear 
financing models cannot be sought since in the digital age, new legislation may be 
needed to support new infrastructure, and such moves would delay implementation 
of the projects. Similarly, legislation may be counterproductive to the implementa-
tion of innovative projects since those may rely on technologies that are in constant 
change, hence requiring extra financial commitments which may not be applicable 
and understood in linear financing models. Additionally, the diversity in technolo-
gies powering digital infrastructure such as Smart Cities is due to the availability of 
a myriad of platforms and systems that support different components. Legislation 
would need to incorporate each of these while allowing and encouraging investment 
to ensure an innovative urban environment.

6.5 � Other Financing Mechanisms

Other financing mechanism used to enable infrastructure include tax increment 
financing (TIF) (Fishman and Flynn), municipal bonds and foreign direct invest-
ment (FDI).

The TIF scheme is majorly adopted where municipalities are unable to finance 
infrastructural development through the public financing option; hence, they divert 
expected, future tax revenues from a particular region into financing specific proj-
ects, thus compensating for the lack of direct public financing. Though this option 
has been embraced globally, it often falls short of expectation since the expected tax 
increment may not be certain and, also, the foregone tax could have been used in 
other sectors of the city. Also, Nguyen-Hoang (2018) notes that since most urban 
projects have a relatively long completion date, a given region where TIF is active 
would remain constrained of that tax, and this has the potential to affect other 
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regions since their tax revenue increments are shared with the area under the proj-
ect. Additionally, the particular regions may face urban decay themselves as the 
generated tax revenues are funnelled in particular regions or being redirected to 
other regions.

Municipal bonds on their part are loans that allow cities to raise financial tools 
pertinent to long-term projects that have the potential to constrain public budgets 
(Nallathiga 2017). The bonds are structured such that security provisions, maturity 
dates, repayment methods and redemption provisions are in favour of the munici-
pality; hence, they can manage to complete the project without further strains. 
Though a potent option, critics argue that, in most cases and in the long run, bonds 
tend to be expensive as interest rates paid on the loans are dependent on current 
market value, where their uptake may be discouraged since they are capped at a 
given rate (Tigue 1995). They also demand that the municipality makes budgetary 
provisions for debt, which the municipality may not always be ready to commit.

Foreign direct investments or FDIs have also been used to finance projects, 
where municipalities receive financial support from foreign investors who invest 
directly on large-scale infrastructure projects. They rely on the government to be 
trustworthy enough, especially on debt repayment and management and the funda-
mentals of the economic potential of the project to be well developed. However, it 
can be a tool for geopolitical influence on policies and major infrastructural projects 
(Duanmu and Urdinez 2018).

6.6 � Demonstrations, Special Economic Zones 
and Urban Development

In this section, we examine how government can assist in delivering integrated 
smart and sustainable technologies in soft and hard infrastructure-based projects 
such as net zero urban outcomes through two other mechanisms: demonstrations 
and special economic zones (SEZs).

Demonstrations are generally where a series of companies are encouraged to 
invest in innovative infrastructure and construction through the use of government 
land and/or the provision of grants, especially where partnerships can be created to 
do research on the projects, thus enabling greater certainty about the concept’s 
mainstreaming potential.

One such demonstration in Perth, Australia, is WGV which has achieved net zero 
outcomes with all the SDGs ticked off and was set up to show how innovation in this 
area would require soft infrastructure from Smart City technology combined with 
hard infrastructure for energy through solar and batteries. Government land was 
available at the site, and grants were achieved from the federal, state and local gov-
ernments partnering with Curtin University and the CRC in Low Carbon Living.

The WGV project is an infill residential development in a middle suburb called 
White Gum Valley. It has over 100 medium density housing units with different 
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socioeconomic markets and was set up to demonstrate net zero carbon as well as 
other sustainability goals. Its intensive community engagement processes used the 
One Planet Living accreditation process to generate support locally and from all the 
agencies involved. It is therefore one of the first net zero precincts which is also 
delivering the UN Sustainable Development Goals. Solar photovoltaics and battery 
storage are incorporated into the development. A critical innovation was to test the 
viability of solar battery storage on strata buildings, and the project demonstrated 
the potential for a blockchain-based sharing system and potential for a new ‘citizen 
utility’ governance model, gaining attention from around the world (Green and 
Newman 2017; Eon et al. 2019).

The multiple sustainable development features such as water-sensitive design, 
energy efficiency, social housing, heritage retention, landscape and community 
involvement are aiming to provide inclusive, safe, resilient and sustainable living 
and have been assessed under the SDG framework.

The significance of innovation at WGV is that it demonstrated that a net zero 
carbon urban revitalisation project can do the following:

•	 Be commercially viable with all units selling very quickly.
•	 Build strong community acceptance of a higher density development through the 

provision of tree retention and a regenerated stormwater sump converted into 
public open space.

•	 Contribute to the Paris Agreement target that seeks to achieve deep decarbonisa-
tion while also delivering the United Nations SDGs.

•	 Build an integrated development using new green distributed technology, and 
support a first international demonstration of how to share solar energy through 
blockchain.

It is therefore a successful demonstration of how to do Smart City and sustain-
ability through an integration of soft and hard innovations in infrastructure.

Special economic zones (SEZs) are another financing scheme that have been 
explored in different places of the world since 1959, with the Shannon zone in 
Ireland being the first to exploit this scheme (Zeng 2015). Initially, the scheme was 
said to have been highly utilised to encourage heavy industrial and ports activities, 
hence promoting growth in those areas (Adani 2017). The Shannon zone provides a 
classical case study to affirm this, since, at the time the zone was being constructed, 
the region was underdeveloped, but it is now reported to be Europe’s busiest pas-
senger and freight airport, with over 100 companies providing over 7000 job oppor-
tunities. It is therefore a successful economic project as it is reported that over €3 
billion is generated each year from over 90% export activities (Shannon Chamber 
n.d.). After the success of this concept, it is said to have spread globally with coun-
tries like China, Singapore, Jordan and Mauritius, among others, with an aim of 
using an SEZ to attract FDI, job creation, foreign exchange and general economic 
growth, among other benefits (Kingombe and te Velde 2016).

In the last few years, the idea of SEZs has been gaining traction, where those 
encompass the development of technopoles as part of government to government 
Agreements. Klieibert (2017) showcases how SEZs have been integrated in spatial 
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management in countries including the Philippines, where the concept is integrated 
in a gated community’s project that is aimed at maximising the mixed use of avail-
able land in Metro Manila. Another notable case study is the Sino-Singapore Jilin 
Food Zone (SSJFZ) that was initiated to facilitate Singapore to attain its goal of 
having a high value and integrated agribusiness (R&D) and animal and pasture 
input production and processing facility (Tortajada and Hongzhou 2016; Rut and 
Davies 2018). Due to the land constraint in Singapore, the project is among the 
country’s overseas farming projects that are enabled due to the collaboration 
between Singapore and China.

SEZs enable the application of special packages of fiscal incentives for develop-
ment in a specific delineated zone (Allam and Newman 2018a; Allam 2018). The 
idea to fuse this type of approach to technopoles saw the increase in investment in 
high-tech urban development combining urban structure and digital infrastructure 
(Laboul and Croce 2014). An example is the case of Sino-Singapore discussed 
above and also the case of agro-processing and irrigation technologies adopted in 
some cities in countries like Israel and Egypt as explained by Gálvez-Nogales 
(2011). The author explains that governments in MENA (Middle East and North 
Africa) region which comprises 23 countries, for instance, are proactively offering 
incentives such as dedicated funds, business incubators and industry-specific infra-
structures, among other things, to encourage the integration of agribusinesses in 
cities. Fiscal incentives are also becoming popular aimed at promoting ICT parks in 
different technopoles even in developing countries. Projects such as Konza City in 
Kenya (Konza Technopolis 2018), Eko Atlanta in Nigeria (Eko Atlantic n.d.) and 
Guangzhou Science City (UNESCO 2018) are among those that have benefited 
from fiscal tools applied to SEZ.

For countries and regions located within coastal regions, besides the SEZ, they 
could also exploit exclusive economic zones (EEZs) that have in the recent years 
been identified to possess significant value in terms of resources. Under the banner 
of Blue Economy, it is argued that cities within coastal strips have the capacity to 
exploit ocean resources, albeit in a sustainable way, to provide alternative sources of 
revenues and opportunities. Small Island Developing States (SIDS) in particular 
have been identified among economies that could greatly benefit from exploiting 
these resources as extra sources of economic and social benefits. A practical exam-
ple is the Seychelles Sovereign Blue Bond, which raised approximately $15 million 
(Pouponneau n.d.). The capital raised allowed the country to commit sufficient 
resources for conservation as well as for climate action plans. With successful 
exploitation of EEZs, it would be possible to implement the Smart City agenda in 
coastal regions and in the SIDS as well as well as maintain the fidelity in sustain-
ability agenda.

Building from this, numerous countries are now exploring ways and means of 
how to expand this approach of SEZ in the development of Smart Cities and sustain-
ability. So far, there seems too little to demonstrate how smart and sustainability 
outcomes could be achieved through the SEZ mechanism. Its time this was changed.
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6.7 � Conclusion

Urban development is synonymous with economic growth, but the aspects of financ-
ing Smart Cities are known to be a challenging endeavour especially when the con-
cept makes use of technologies that are in constant change and evolution, thus 
failing to fit into traditional legislation. This is particularly the case with privacy and 
surveillance data that are associated with Smart Cities. However, the chapter shows 
that economic development can be expanded with an integration of Smart City tech-
nologies and finance partnerships that are set up to enable strong sustainability out-
comes. Such partnerships need to be regulated to prevent the misuse of data for 
control purposes that are not wanted by the cities and governments involved. There 
is thus a need to adapt both legal and financial legislation to encourage innovation 
in urban areas, as well as to capitalise on investments in short time periods. Other 
finance mechanisms can then be implemented and will be strongly assisted if there 
are demonstrations and special economic zones (SEZs) brought into the process of 
enabling urban development innovations. The integration of soft infrastructure 
(Smart City) and hard infrastructure (sustainable city) can be used to enable signifi-
cant new urban development opportunities.
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Chapter 7
Conclusions: Redefining Smart Cities

Abstract  While Smart City approaches promises transformative changes in urban 
management, its weaknesses have been exposed, particularly during the COVID-19 
pandemic, as most of the added advantages were not recognized by residents. The 
proponents of this concept, mainly large ICT corporations, have not provided inte-
grated solutions to the deeper structural challenges facing urban areas. Most cities 
solve their problems when they are inspired by local demand, with different stake-
holders' inputs being incorporated into any projects. Therefore, “from-the-shelves” 
solutions have not worked. Our book argues that the Smart City concept needs to be 
redefined to include regeneration, culture, and heritage conservation, inclusive eco-
nomic development, renewable energy, circular economies, education, gender 
equality, and community development. This will ensure that the technology is the 
servant of the city and not the master, and that the hard issues of city management 
are addressed. The chapter suggests that the sustainability and climate resilience 
agenda could learn from the Smart City agenda, and the two concepts integrated to 
provide robust solutions to urban challenges. To achieve this, partnerships between 
local communities, local governments, and other stakeholders are essential to enable 
the integrated approaches missing in most Smart City projects.

The prospect of the Smart City concept as the solution to the myriad of challenges 
that confront urban areas has largely failed to materialise. In this book, the examples 
of the Sidewalk Toronto project and Songdo have been cited. In particular, the 
weaknesses of this concept in fulfilling the anticipated goals were exposed during 
the height of COVID-19, where, despite a sizeable number of cities having deployed 
a varied number of smart technologies, the residents did not or could not have rec-
ognised many added advantages than their counterparts in ‘non-smart’ conventional 
cities. However, this is not the only weakness that has been identified. Most of the 
challenges are associated with the perception that proponents of this concept  – 
mostly large ICT corporations – have been trying to establish the concept as the 
foundation of what makes an ‘inclusive, safe, resilient and sustainable city’ as 
required by SDG11, but in reality, they did not do much more than increase digital 
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data capacity. They did not or perhaps could not provide integrated solutions to 
these deeper and structural challenges.

As expressed in the book, due to the quest for profit maximisation, hinged on the 
substantial market capitalisation of the Smart City concept, most ICT corporations 
have been intensifying their efforts in introducing digital solutions (mostly univer-
sal ones), in the hope that different cities would automatically buy ‘smart’ infra-
structure and deploy them for a range of deeper issues. However, urban areas across 
different regions have been identified to be unique in terms of financial capacity, 
socioeconomic needs, environmental challenges, population and demographic 
dynamics, among other issues. Therefore, ‘from-the-shelves’ solutions have not 
worked. More partnerships and integrated approaches are needed.

Most cities solve their deeper and more structural issues when they are inspired 
by local demand, with the inputs of different stakeholders being addressed and 
incorporated into any projects involving long-term infrastructure investment. The 
UN Habitat, one of the most influential institutions in the urban arena, has been 
instrumental in advocating for locally sourced solutions. In particular, it has been 
advocating for adherence to the post 2015 New Urban Agenda frameworks, goals 
and accords. The main objective of the New Urban Agenda has been the pursuit of 
sustainability, resilience, adaptability and liveability. But such agendas are not 
expressly addressed in the Smart City concept, and in some instance, it could be 
argued this planning model instead reduces the financial resources that could be 
deployed in achieving those global objectives.

Smart cities could be seen as being a distraction as it promised much but did not 
deliver enough because it was trapped by industry competitive agendas.

The weaknesses of the Smart City concept notwithstanding the positive aspects 
associated with the project cannot be overlooked. As expressed in this book, the 
most potent pathway is to intertwine the Smart City transformative pathway with 
global agenda, such that as the digital data capacity is increased, the deeper prob-
lems are actually being addressed as part of the smart agenda. This means that the 
technology is not being the master but the servant of the city.

If this can be achieved, then the global population would also experience an 
improvement in liveability status and see that the hard issues of city management 
are being addressed. This notion is captured in the book as ‘redefining the Smart 
City agenda’, such that approaches like regeneration, culture and heritage conserva-
tion and inclusive economic development can be central to Smart City urban plan-
ning. Such dimensions included in the Smart City concept would mean that 
renewable energy, circularity of economies, education, gender equality and com-
munity development would be fully addressed as part of adopting the Smart City 
projects being offered by ICT companies.

There are also things that the sustainability and climate resilience agenda could 
learn from the Smart City agenda. The robust technology adoption approach empha-
sised in the Smart City concept is one of the tools that could be tapped in the integra-
tion of other planning elements that this book has identified. For instance, in regard 
to promoting the sustainability agenda, the massive data generated by different 
installed smart devices could be exploited to help understand different urban aspects, 
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sectors and activities addressing, and contribution to, sustainability transitions. 
These data can be used to help dramatise the sustainability outcomes in cities, in 
particular the net zero city agenda that are now clearly wanted but need detailed 
design projects based on the best data. In this book, we have provided a number of 
examples that show how net zero objectives could be advanced at small scale, where 
projects like rooftop solar energy production and battery and electric vehicles are all 
very commercial but need to be integrated using smart technology. This can be done 
differently in different urban fabrics and different income regimes. These projects 
will be promoting most of the SDGs.

Redefining of the Smart City concept could further help most urban areas con-
serve and regenerate cultural heritage in a more robust way than is the case today. 
This is critical as most urban areas have been observed to lose their identity and 
heritage as new modernist approaches, e.g. high-rise developments replacing infor-
mal housing have not necessarily provided better sustainability outcomes and 
almost always have removed their community structures. The book has outlined 
how community heritage and built heritage can be conserved and regenerated using 
new technology and regenerative design approaches. Smart systems and 
sustainability-oriented infrastructure can be integrated into community and cultural 
heritage. Smart and sustainable technologies can digitise cultural urban elements 
ensuring there is a legacy for future generations. The additionality is how such con-
servation can help to popularise heritage and contribute to job creation. However, 
this would call for concerted efforts between local communities, local governments 
and other stakeholders engaged as such partnerships will enable the integrated 
approaches that have been missing in most Smart City projects.

All levels of government need to get behind the redefining of Smart Cities using 
regenerative approaches. However, the new technologies of regenerative design and 
development are very much more applicable when related to the needs at a local 
level. Thus, local governments should endeavour to adopt the redefined Smart City 
concept, opening opportunities for emerging trends to be seamlessly incorporated, 
with a full set of local partnerships helping to define the integration goals and pro-
cesses. This includes issues like food and energy insecurity, erratic inflation and the 
resulting challenges in supply chains.

The COVID shutdown in cities enabled many to re-localise their services. As 
localised technology works best with Smart Cities integrated through regenerative 
design, there are big opportunities to enable concepts like the ‘15-Minute City’ to 
be implemented in any new projects. Even the new technologies like metaverse and 
digital twins need to be given a sense of direction to achieve the deeper values of 
urbanism. New smart systems can be applied effectively using mid-tier transit like 
new technology trackless trams along transit activated corridors that create 
15-minute cities around station precincts. This ensures factors like proximity, acces-
sibility, diversity and ubiquity in urban areas; these factors are fundamental to good 
cities. Redefining the Smart City concept would be very critical in ensuring such 
ideas are incorporated and enabled to fulfil the ancient agendas of urban planning as 
well as the need to use smart, new technology.

7  Conclusions: Redefining Smart Cities


	Preface: Into the Maelstrom
	Contents
	Chapter 1: Unveiling the Smart City: How Smart Is It?
	1.1 Introduction
	1.2 The Adoption of Smart Cities
	1.3 Smart Cities as a Profitable Venture
	1.4 The Market Monopoly of Smart City Technology
	1.5 Contextualising Smart City Technology
	1.6 Redefining Smart Cities
	1.6.1 So Where Does Smart Cities Sit in This Emerging Economy?

	1.7 Conclusion
	References

	Chapter 2: Smart Cities and Sustainability: How Smart City Helps with Sustainability
	2.1 Introduction
	2.2 Sustainability Issues in Cities
	2.3 The Smart City Takeover
	2.4 Sustainability and The Metabolism of Cities
	2.5 Integrated Smart Urban Metabolism
	2.6 Infusing Smart Technology into Sustainability in Cities
	2.6.1 How Then Do We Infuse Smart City Technology into Urban Sustainability Programs?

	2.7 Conclusion
	References

	Chapter 3: Smart Cities and Climate Change: How Smart City Can Help Cool the Planet
	3.1 Introduction
	3.2 Waves of Innovation
	3.3 Zero Carbon Technologies
	3.3.1 Renewable Energy, Especially PV and Batteries
	3.3.2 Electromobility, Micromobility, Transit, Walkability and Active Transport
	3.3.3 Smart City-Based Demand Management

	3.4 Socio-technical Transitions
	3.5 Application of Socio-technical Transitions to Zero Carbon Corridors
	3.6 Conclusions
	References

	Chapter 4: Smart Cities and Regenerative Approaches: How Design with Smart City Tech Can Regenerate Cities
	4.1 Introduction
	4.2 Regenerative Approaches
	4.2.1 New Business Models for the New Economy

	4.3 The Immediate- and the Long-Term Technologies for Smart Regenerative Cities
	4.3.1 The Immediate Term: Solar-EV-Batteries and Smart Technology Integration
	4.3.2 Hydrogen-Based Industry
	4.3.3 Circular Economy
	4.3.4 Biophilic Urbanism, Permaculture and Nature-Based Solutions
	4.3.5 Fitting These New Technologies into a Smart Regenerative City Through Local Community

	4.4 Planning Implications for Smart Regenerative Cities
	4.4.1 Create Re-localised Centres with Smart City Regenerative Outcomes
	4.4.2 Tailor Re-localised Centres for Each Urban Fabric
	4.4.2.1 Applying Smart Regenerative Technologies to Urban Fabrics

	4.4.3 Reorient Transport and Urban Development Priorities to Suit Fabrics

	4.5 Partnerships to Fund the Smart, Regenerative City
	4.6 Rewrite Manuals for the Smart Regenerative City
	4.7 The Human Dimension: Cultural Urban Renaissance
	4.8 Conclusions
	References

	Chapter 5: Smart Cultural and Inclusive Cities: How Smart City Can Help Urban Culture and Inclusion
	5.1 Introduction
	5.2 Modernism, Sustainability, Culture and Smart Cities
	5.2.1 What About Sustainability?

	5.3 Culture and Sustainable Urban Development
	5.4 Cultural Heritage and the Economy
	5.4.1 Can Culture and Heritage Prompt Enough Capital for Smart City Concept Implementation?

	5.5 Cultural Heritage and Technology
	5.6 Cultural Heritage and the Smart City
	5.7 Slum Regeneration, Community and Smart City
	5.8 Conclusion
	References

	Chapter 6: Smart Cities and the Urban Economy: How Smart City Can Integrate Good Urban Economies
	6.1 Introduction
	6.2 Urban Regeneration and Economic Growth
	6.3 Smart Cities and the Economy
	6.4 Financing Mechanisms: Public-Private Partnerships (PPPs)
	6.5 Other Financing Mechanisms
	6.6 Demonstrations, Special Economic Zones and Urban Development
	6.7 Conclusion
	References

	Chapter 7: Conclusions: Redefining Smart Cities

