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Abstract: The 2030 Agenda is a clear development milestone for humanity in its ambition to care for
our future generations. Smart Cities play an essential role in this development, the development
direction of which is based, among others factors, on the fulfilment of the criteria set by the various
Sustainable Development Goals (SDGs). The purpose of the current research is to verify the current
state of science concerning the development of the SDGs in Smart Cities to establish a theoretical
framework for the development and integration of data specific to a Smart City to participate in
homogeneous monitoring of these indicators and to compare with other Smart Cities. Once a robust
bibliographic study has been carried out, we proceed to establish a theoretical study, the application
methodology of which follows a process developed in various phases to obtain an integrated system
for monitoring and linking of the development of Smart Cities according to the criteria set out in
the applicable SDGs. The clear implication is establishing an objective and efficient process that
covers collection to integrate and compare the obtained data. One of the limitations of this process
is overcoming the technological barrier in specific less developed environments that may not have
sufficient funding. With respect to future lines of research, the current study opens the door to
studying the implications of this type of process on the management and elaboration of specific
public policies, for example, concerning the time taken to establish and resolve them.
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1. Introduction

Sustainability is part of the cornerstone of any Smart City development [1,2]. Proce-
dures such as rehabilitation, regeneration or refurbishment of buildings are clearly in line
with the sustainable development of Smart Cities [3]. It is a new concept of urbanism that
avoids demolition and rebuilds as a model of transition to more sustainable cities [4,5].
Processes such as these can be accompanied by sustainability criteria that also allow for
the conservation of the environment if necessary [6]. In places like Europe, where almost
everything is already built, real estate strategies should be aimed at the revaluation of
this heritage based on corrections or punctual interventions that can update the value of
existing buildings.

The dichotomy that arises in the opening paragraph concerning a fundamental issue
such as the refurbishment of buildings suggests a link with the direction of the monitoring
of the SDGs as a precursor of the sense be given to a process that results in an improvement
of Smart Cities [7,8]. However, if the process described as an introductory example were to
be built from scratch, it would be optimal to increase the number of shared spaces, from the
street to the interior of buildings and even to rooftops. At all times, a high density would
be maintained, making cities exciting and sustainable, with diverse housing for a socially,
culturally and economically diverse population. High density with social cohesion would
motivate the installation of renewable energy resources. All of the above, as well as the
importance of the process, can be understood in the context of cities as social ecosystems [9].
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The association between Smart Cities and SDGs is derived from the contemplation
of the latter within the framework of the 2030 Agenda. The 2030 Agenda for Sustainable
Development is an international agreement signed by the 193 countries that are part of
the United Nations on 25 September 2015. The international community’s support for
this agreement ratified its commitment to sustainable development. Through it, Member
States pledged to ensure sustained and inclusive economic growth, social inclusion and
environmental protection and to do so within a framework of peace and cooperation [10].
This agenda is the culmination of more than four decades of dialogue and debate on how
to respond to the environmental problems that scientists have warned about and that are
primarily the result of human action.

The 2030 Agenda is a continuation of the Millennium Development Goals (2000-2015)
and goes beyond rhetoric, urging us to take the energetic and transformative actions
urgently needed to set the world on a new course [11]. In this way, the 2030 Agenda
represents a multilateral consensus between governments and diverse actors capable of
making national policies for employment that are compatible with rights and development,
as well as with the expansion of international trade and conflict prevention, along with the
overarching goal of moving together toward an equal society [12].

The new 2030 Agenda has clear principles and is based on five fundamental dimen-
sions [13]:

e  People: represented by the first 5 SDGs, focused on ending poverty and hunger in all
forms and ensuring dignity and equality in a healthy environment;

o Planet: seeking to protect our planet’s natural resources and to work on climate
issues to ensure the well-being of current and future generations through sustainable
consumption, production and management of natural resources, as represented by
SDGs 6, 12,13, 14 and 15;

e  Prosperity: to ensure that all people can enjoy an entire life by promoting economic, so-
cial and technological progress compatible with due respect for nature, as represented
by SDGs 7 to 11;

e  Peace: this includes SDG 16, which seeks to achieve peaceful, just and inclusive
societies with solid institutions; and

o  Collective participation: shaped by SDG 17, the aims of this dimension is to im-
plement the Agenda through a robust global partnership based on solidarity and
focused on the needs of the most vulnerable, which will enable us to make progress in
achieving the SDGs.

The 2030 Agenda, therefore, embodies the following fundamental principles [13]:

Universality;

Leaving no one behind;
Interconnectedness;
Indivisibility; and
Inclusiveness and cooperation.

The motivation of this research is to scientifically deepen the need to accompany the
development of a Smart City not only in a technological sense but also in the convergence
between technology and compliance with the SDGs, generating a framework to link Smart
Cities with the SDGs, especially those that configure or can configure more direct moni-
toring of the activity of a Smart City. Incorporating a theoretical framework enabling a
Smart City to comply with the SDGs is an improvement in current research. We are going a
step further by establishing criteria that allow a comparison to monitor the development
of Smart Cities, main issue of which, to date, has been knowledge of the SDGs that affect
them. With this addition, a further criterion is incorporated to allow for comparison in
terms of development by the SDGs.

For the above reasons, which will reinforce other conclusions, it is considered ap-
propriate to include a second section in which a bibliographical analysis will be carried
out to understand the importance of current science in the conjunction of both currents of
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knowledge. Subsequently, we will establish a procedure considered appropriate to mark
the previous strategy of a Smart City to establish its convergence with the various SDGs. A
discussion and conclusions will follow this.

2. SDGs and Smart Cities: A Bibliographical Review

As previously introduced, the aim of this article is to delve deeper into the process of
selecting indicators linked to the current SDGs and thus elucidate their implications with
respect to the development of any Smart City.

A review of previous literature in this regard can show how various studies have
already worked on the convergence between SDGs and the development of Smart Cities.

To determine the evolution of the study of the SDGs applied to the Smart City concept,
an analysis of bibliometric indicators was carried out using the Scopus platform. We
decided to use this database due to its importance among the scientific community and the
volume of results it could provide. Scopus was selected, for a first bibliographic analysis,
because it is the largest and among the most prestigious international academic databases.
It is produced by the ElSevier group, one of the essential scientific publishers in the world.
In addition, Scopus features a user-centered interface and uses unified criteria and analysis
tools for all its indices. Scopus employs suitable criteria, in particular for evaluation and
selection of journals without differentiating by collections, as well as suitable tools for
generation of its various impact indices. For the same reason, the search equation was
formulated so that the platform’s engine would return all publications in which the terms
SDG and Smart City appeared.

The following equation was used:

ALL “Smart City” AND ALL “SDGs”

As shown Scheme 1, the number of publications linking “Smart City” and “SDGs” has
grown exponentially in recent years. Specifically, we highlight the number of publications
expected for 2022; halfway through the year, there is practically the same number of
publications as in 2021. In 2021, there were 440 publications; in 2022, halfway through the
year, there are 383 publications.

Documents by year

500

400

200

100

Documents

0
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Scheme 1. Documents by year.

Scheme 2 Principal authors publishing on the convergence between the Smart City
concept and the SDGs. We highlight the following articles by the top three authors that
give an idea of the current and growing concerns of the scientific community (three main
articles ordered by relevance according to Google Scholar):
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Documents by author
Compare the document counts for up to 15 authors
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Scheme 2. Documents by author.

Yigitcanlar, T.

e Can cities become smart without being sustainable? A systematic review of the
literature [14]

e  Green artificial intelligence: Towards an efficient, sustainable and equitable technology
for smart cites and futures [15]

e Understanding and acceptance of smart city policies: Practitioners” perspectives on
the Malaysian smart city framework [16]

Di Vaio, A.

e  Artificial intelligence and business models in the sustainable development goals
perspective: A systematic literature review [17]
Intellectual capital and sustainable development: A systematic literature review [18]
SDGs and airport sustainable performance: Evidence from Italy on organizational,
accounting and reporting practices through financial and non-financial disclosure [19]

Allam, Z.

On big data, artificial intelligence and smart cities [20]
Three decades of research on smart cities: Mapping knowledge structure and trends [21]
Redefining the smart city: Culture, metabolism and governance [22]

Finally, Scheme 3 shows that the top five areas of knowledge account for 72% of
publications, i.e.,

Documents by subject area

Earth and Planetary other

Social Sciences
Sciences 11%

21%

Decision Sciences
2%

Economics,
Econometrics and
Finance
3%
Mathematics
3%

Environmental
Science
15%

Business,
Management and
Accounting

Computer Science
11%

Scheme 3. Documents by subject area.
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Social science (21%);
Environmental science (15%);
Energy (13%);

Engineering (12%); and
Computer science (11%).

In addition to the deepening of the evolution of studies on Smart Cities and of each
of the most relevant articles and authors identified in our literature review, it is worth
noting that the sciences most concerned with the evolution of the conjunction between
SDGs and Smart Cities are those linked to the social sciences and environmental sciences;
however, in third and fourth place are incorporated branches of knowledge such as energy
or engineering. This justifies the need to deepen strategic processes that unite all the
knowledge streams described, as well as the fifth, computer sciences. This deepening will
encourage the work developed in engineering to meet social criteria and environmental
concerns, all of which are related to another driving force for the development of Smart
Cities, which is compliance with the precepts of the SDGs.

A further step in the bibliometric analysis was taken by incorporating an analysis of
terms in the most relevant texts included when we entered “Smart City” and “Sustainable
Development Goals” in the Web of Science (WoS) database, specifically in the Web of Science
Core Collection. WoS was incorporated out to gain access to the two large databases and to
derive three essential aspects, i.e.,

e  The intrinsic quality of two multidisciplinary databases that cover a large number of
journals with the most rigorous standards for selection of the publications [23];

e  Their strategic importance, as they are two most widely used databases for the process
of analysis and evaluation of science; and

e They are the two academic databases that provide the best selection for the anal-
ysis of academic information through their metrics, indices and functionalities for
such purposes.

The WoS analysis was carried out with WOSviewer software. As shown in Figure 1, we
identified four clusters with links between them. For each of the clusters, we can highlight
the following terms:

Energy;

Sustainable development goals;
Sustainable city; and
Government (and “measure”).

In addition to the connection between them, the current scientific progress is in line
with generation of a theoretical framework of Smart City development measures based on
SDGs, as proposed in the literature.

In Figure 2 further elucidates the analysis of keywords found in the analyzed publica-
tions, showing the following relationships more clearly:

Sustainable development goal-implementation—China;
Sustainable development-case-impact;

Framework-smart sustainable city—smart sustainable—future;
Global burden—disease study; and

Opportunity—challenge.
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Figure 1. Analysis of key terms of scientific concern in publications linking the concept of Smart City
and the Sustainable Development Goals.
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Figure 2. Analysis of keywords of scientific concern in publications linking the concept of Smart City
and the Sustainable Development Goals.

Given the importance of these keywords, carrying out an analysis in Google Scholar,
we identified prominent publications that link these keywords (except for the last two
groups, as they are considered more generic) published since 2018:

Assessing progress towards sustainable development over space and time [24]

Nature
Cited by 222

Impact of knowledge management practices on green innovation and corporate
sustainable development: A structural analysis [25]

e  Journal of Cleaner Production
e Cited by 235
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The IoT for smart sustainable cities of the future: An analytical framework for
sensor-based big data applications for environmental sustainability [26]

e  Sustainable cities and society
o  Cited by 473

3. Methodology of the Strategic Process of Indicator Selection

As previously introduced, in this section, we will discuss the methodological proposal
for data and information collection from the various sources to monitor Smart Cities.

First, from a strategic point of view, the SDGs most directly linked to the development
of a system for measuring of Smart Cities with respect to the fulfilment of the 2030 agenda
are established. These are:

Goal 3. Good health and well-being. Ensure healthy lives and promote well-being
at all ages.

The COVID-19 syndemic revealed that additional efforts are required to eradicate
many diseases and address various health problems. This goal focuses mainly on more
efficient financing of health systems, improved sanitation and hygiene and increased access
to medical personnel; the implementation or development of Smart Cities in these contexts
can help immensely, as more advanced systems will be in place to treat people from the
outset. The main objective of these cities is to increase social well-being and the surrounding
environment, positively affecting people’s physical and mental health [27].

Goal 6. Clean water and sanitation. Achieve universal and equitable access to safe
and affordable drinking water.

Some data sources for the development and advancement of Smart Cities involve
studying water, such as water retained by vegetation and other reservoirs. These studies
on water treatments can help fulfil this goal [28].

Goal 7. Affordable and clean energy. Ensure access to affordable, secure, sustainable
and modern energy and ensure the energy transition. Energy supply is among the essential
services in Smart Cities. Energy management includes the generation, transport, distribu-
tion, storage and consumption or self-consumption of energy. Within Smart Cities, it is
necessary to seek efficient, non-polluting, safe and resilient energy management. Examples
of energy use within a city are transport, air conditioning, lighting, motorization and the
various types of household appliances or consumer electronics, given the positivity of
self-consumption and the profitability for citizens [29].

Goal 9. Industry, innovation and infrastructure. Develop sustainable, resilient and
inclusive infrastructure; promote inclusive and sustainable industrialization; increase
access to financial services and markets; upgrade all industries and infrastructure for
sustainability; enhance research and upgrade industrial technologies. In addition to what
was included in the introduction, which alluded to the link between the development of
a Smart City and infrastructure, including buildings, it is vital for the Smart City concept
to encompass essential industries related to transformation. In the fields of transport
and waste, innovation concerning digitalization makes it possible to generate much more
efficient forecasting models for the management of cities [30]. An example is healthcare,
including the provision of universal coverage to citizens with improved tools in less time.

Goal 11. Sustainable cities and communities. Ensure access for all to adequate,
safe, affordable housing and essential services, improving slums. The involvement of this
objective will be explained below, in addition to the development of a theoretical study in
two phases.

Goal 12. Responsible consumption and production. Ensure sustainable consump-
tion and production patterns. In addition to reducing the environmental footprint of their
activities and promoting sustainable consumption and production methods, Smart Cities
must be nourished by tools and methodologies that revolve around technology to move
toward a more equitable, secure, efficient and sustainable future [31]. An example of a prac-
tical solution for energy consumption is Smart Grids, which allow for a quick and efficient
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response to energy demand and fluctuations in energy production thanks to distributed
electricity generation.

Goal 13. Climate action. Take urgent action to combat climate change and its im-
pacts. Within this specific objective, many verticals of Smart City development can be
included [32], each of which we have clear examples in the form of cities such as Vancouver,
which was the subject of a 2009 plan that sought to make it a green city within 4 years;
Copenhagen, which was the subject of a plan to become a “carbon neutral” city by 2025;
Singapore, with the clear motivation to meet the highest standards of sustainability by
incorporating everything from efficient state-of-the-art buildings to the use of renewable
energy or environmentally friendly transport; or Cape Town, as one of the first African cities
to implement smart urban initiatives. In general, the need to assess the impact of climate
change phenomena, such as floods, droughts or heat waves, to improve the resilience of
cities already resides in every Smart City.

As illustrated above, objective number 11 is primarily linked to the development of
sustainable cities and communities. We will create the theoretical framework in phases
with respect to this objective.

Focusing on objective 11 and in the second phase of our theoretical strategic study,
the targets of this objective have to be observed to understand and apply the process of
integration of the indicators more efficiently. The goals of objective 11 are:

11.1 Safe and affordable housing;

11.2 Affordable and sustainable transport systems;

11.3 Inclusive and sustainable urbanization;

11.4 Protection of the world’s cultural and natural heritage;

11.5 A reduction in the adverse effects of natural disasters;

11.6 A reduction in the environmental impact of cities;

11.7 Provision of access to safe and inclusive green and public spaces;

11.8 Strong national and regional development planning;

11.9 Policies for inclusion, resource efficiency and disaster risk reduction; and

11.9.a Support for the least developed countries with respect to sustainable and resilient
building.

The real challenge comes in this stage of the process, as integrating the indicators
of engineering and energy studies, as well as those of computation, requires attention to
linking them, according to their nature, with each of the goals outlined above. In this
article, we will focus on the integration process, for example, the various types of data
capture sources. Sources, by their nature, can be direct or indirect [33]. Direct sources
describe data arriving directly to the selected or implemented monitoring platform [34].
Data collection can be accomplished through sensors capable of collecting all the data
necessary to obtain the variables that to be collected. In addition, these sources must have
sufficient coverage to send the collected data to intermediate data processing centers and
directly to the final manager. On the other hand, with respect to indirect sources, these
come from some resource that needs to be consulted; therefore, an automatic process of
uploading these data must be established, either through a programmed process that is
repeated over time or through the intervention of an external human user who periodically
updates the data [35].

The next phase of the process establishes the differentiation concerning the goals
indicated above under objective number 11. To this end, once the sources have been
identified, variables are included that most represent the following phenomena and fields.
These phenomena affected by variables are linked to the objectives described above under
SDG 11. The phenomena captured are those that are in line with, among others, what is
indicated by Neumann et al. (2015) [36] and Bosch et al. (2017) [37], considering the efficient
work on the available resources of Smart Cities, which include but are not limited to:

e  Social capital;
e  Cultural capital;
e  Financial capital;
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Natural resources;
Information; and

Technology.
These phenomena reflected below are aligned with and satisfy the Smart City defini-

tion by improving the quality of life of inhabitants, commuting workers, students and other
visitors; improving resource efficiency; building an innovation-driven and green economy;
and fostering a well-developed local democracy. In particular, these phenomena are:

Biodiversity: an example of a relationship between this phenomenon as a measurement
variable with objective 11.6 is the generation of green spaces;

Air quality: in this case and in relation to objective 11.6, an example is the number
of air quality sensors implemented in a Smart City, as well as the monitoring of the
metrics achieved by these sensors;

Climate comfort: an example of monitoring this phenomenon is the number of eco-
efficient buildings, also with respect to objective 11.6, which must employ healthy
materials and products during their construction, as well as care with respect to the
materials used for maintenance or the guarantee of thermal comfort;

Culture and heritage: in this case, in relation to objective 11.4, an example is the
number of monitoring systems for patrimonial buildings and the use of computer
simulation tools with respect to the optimization of energy demand.

Geology and soil: a a working example with respect to objective 11.6 is the number of
underground water reservoirs to mitigate the “heat island” effect that occurs in cities
due to the lack of subsoil humidity resulting from the low permeability of asphalt soil;
Water and water overexploitation: with respect to objective 11.5, an example is the
number of rainwater harvesting and accumulation systems, allowing improved use
of water;

Fires: also with respect to objective 11.5, and example the number of security systems
in place in official public buildings related to fire detection;

Meteorology. also with respect to objective 11.5, an example is the number of individu-
alized alarm systems per department or neighborhood and the capture and reporting
of extreme data by these systems;

Noise: an example related to objective 11.6 is the variable covering the existence
and number of schemes to promote recycled materials that offer improvements with
respect to noise attenuation in cities;

Health: also with respect to objective 11.6, an example is the number of CO; capture
systems in cities;

Socioeconomics: an example concerning objectives 11.8 and 11.9 is the number of
systems for monitoring improvements in infrastructure connecting society with social
infrastructure, such as hospitals, schools or libraries;

Territory and urban planning: an example related to objective 11.1, 11.2, 11.3, 11.7
and 11.9a due to their cross-cutting nature is the number of multimodal nodes that
ensure fast and easy interoperability between modes of transport for goods and people,
avoiding all kinds of barriers;

Vegetation: also related to objective 11.6, an example is the number of vegetation-based
purification systems, which are more energy efficient than traditional purification
systems.

Once identified, each city has to participate, together with local administrations, in

the development of the indicators that will be attached to each of the phenomena and
fields in such a way as to finalize the matching between these and the 11 SDG targets, as
incorporated in the whole process shown in Figure 3.



Smart Cities 2022, 5

1034

@ e GOALS

B 3 et N 4 S b o B

= = B == =

il | K1 > |
M.E':f. 1 :‘:fﬁ,? 1] et @

13

& 4

R 132

O g ©

Figure 3. Cont.



Smart Cities 2022, 5 1035

Biodiversity €¢—————>

Air quality —>

Climate comfort ¢

Culture and heritage €—>
Geology and soil

Water and water overexploitation¢
===<
Fires ¢ >

s
R it

Meteorology ¢

Noise ¢

Health ¢

Socio-economics €>

Territory and urban planning <>

Vegetation €
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4. Discussion

In this article, we highlight the need to incorporate principles similar to those set out
in the SDGs as criteria for monitoring the development of Smart Cities.

The involvement of the SDGs in the strategy for the development of cities is widely
known. Several studies were incorporated in our bibliometric analysis.

It is essential to highlight that the incorporation of the precepts set out in the SDGs
in this article is considered part of the driving force that must guide the development of
Smart Cities on the basis of the understanding that data sources from areas of knowledge
such as engineering, energy or computing are diverse and not homogeneous. Therefore,
the first point of discussion is the need to work in the future toward homogenization
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once the operational part, which would follow the strategic part of this article, has been
studied in depth. Secondly, homogenization is necessary to satisfy the need for comparison
between cities, specifically in terms of whether the objectives are being met so that a form
of benchmarking can be established.

As a result of this study, we also found that the future technical work resulting from
the implementation of the strategically proposed process is arduous, as we have to take
into account that essential factors come into play here, such as the technology available
to capture data in real time or to capture data from sources that could generate some
problems due to their environmental impact. Therefore, we propose collaboration between
institutions to drive technological improvements that must take place in some countries to
accompany a process of efficiently achieving sustainable development objectives.

This study is subject to limitations with respect to application based on the technology
that may be available; clear examples are developing countries. Another limitation is the
need for weighting of selected indicators (this has to be applied to specific city contexts
and in the considered stage). The present study sheds light on a theoretical process for
establishment of criteria for monitoring, follow-up and comparison of the development
of Smart Cities. This must be agreed upon and protocolized by the relevant institutions.
In future research, empirical studies on specific technological needs are proposed, as well
as empirical research through questionnaires to work on the perception and possible
contribution of public institutions that are key to its formal incorporation. Finally, work
with the institutions will allow for research on the impact of the establishment of public
policies based on the monitoring of sustainability indicators.

5. Conclusions

The motivations for establishing a Smart City are varied. Almost all of these motiva-
tions rest on the clear advantages for humanity. The main benefits are the effectiveness of
data-driven decision making based on advances in big data and connected devices that
have allowed cities to access information that has never before been available. A second
advantage is the improvement of citizen engagement, considering that digital services
offered by Smart Cities must be of quality and easy to use, with collaboration tools, modern
and intuitive websites, mobile apps, self-service portals and online accounts. On the other
hand, a third benefit is the creation of safer communities because, by definition, a Smart
City is safer than traditional cities because it incorporates, for example, number plate
awareness, connected crime centers or state-of-the-art 911. A fourth advantage is a clear
improvement in the environment brought about by the fight to improve the environment
as a critical point, as cities are fighting to reduce adverse effects on the environment, such
as increased greenhouse gases or litter and waste on the streets, as well as an apparent
involvement in energy-efficient buildings, air quality sensors and renewable energy sources
that provide new tools for cities to reduce their ecological impact. Finally, with respect
to the improvement in transport itself, known as enhanced transport, it is expected that
investments in smart urban transport will increase sufficiently in the coming years, with
smart technologies that enable cities to better serve citizens driven by basics such as smart
traffic signals that optimize traffic flow, for example.

The above improvements demonstrate the need for technological incorporation and
are in line with the SDGs set by the 2030 Agenda.

Motivated by the main conclusion of this study, which is to establish strategic follow-
up and monitoring systems for effective implementation, a first conclusion is the already
clear position of the technology incorporated in Smart Cities aligned with the fulfilment of
premises such as the SDGs.

As we have observed from numerous previous works and the scientific community’s
concern, it is necessary to trace the development of Smart Cities based on the criteria set out
in the SDGs within the 2030 Agenda. To develop this kind of traceability, it is necessary to
establish a strategic process of convergence between the development of Smart Cities and
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the fulfilment of one of the drivers of its growth, which is none other than the monitoring
of the process from data capture to its alignment with the SDGs themselves.

It is also essential to clarify and conclude that the development of technology arises
from the needs of a city in its ambition to be, for example, sustainable and thus, in an
efficient way, provide and continue to provide services to citizens. Therefore, technology is
incorporated according to criteria set by technologists, generally accompanied by financial
premises for development in costs and investment in technology. Compliance with the
technological criteria and economic precepts must be contemplated, in addition to align-
ment with social and human standards of the approach to the SDGs as objectives to be met
by a Smart City in response to the new challenges set by the 2030 Agenda.
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