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This paper combines two presentations delivered at the 5th International Conference on Transportation
Infrastructures (V ICTI) in Lima, Peru in August 2022. It has been expanded and selected for publication in
this journal.

Abstract: Over the next decades, people will continue moving to urban areas all over the world, in-
creasing infrastructure needs to satisfy economic, environmental, and social demands. The connec-
tion between civil urban infrastructure and smart cities is strong due to the common goal of fulfilling
public service demands. Infrastructure management contributes to the development, evolution, and
sustainability of smart cities. The main problem with traditional approaches to the development,
evolution, and sustainability of smart cities is the lack of a holistic, integrated vision of infrastruc-
ture management. The main objective of this research is to introduce an infrastructure management
humanistic approach with a smart city conceptual model that also considers an educational per-
spective. A mixed research methodology that combines quantitative and qualitative approaches
was used, applying inductive-deductive tools. The paper concludes with the development of an
infrastructure management framework for smart cities with five dimensions: (1) Environmental,
(2) financial-economic, (3) political-governance, (4) social-people, and (5) technological. Two case
studies for the cities of Lima and Piura in Pert illustrate how to incorporate this framework into
practice. The research products are relevant because they foster an inclusive better quality of life for
all citizens by preserving civil infrastructure systems.

Keywords: civil infrastructure systems; management humanistic approach; smart city; sustainability;
5-dimensional model; BIM-CIM; digital twin; Peru

1. Introduction

Infrastructure, in the broadest sense, is defined as “The system of public works of
a country, state, or region; also: the resources (as personnel, buildings, or equipment)
required for an activity” [1]. Civil infrastructure systems have a major impact on the
economic development of a nation, and public demand for infrastructure facilities is con-
stantly increasing. In this context, the implementation of effective infrastructure manage-
ment practices is critical to fulfilling public service demands. “Infrastructure asset manage-
ment includes the systematic, coordinated planning and programming of investments or
expenditures, as well as the design, construction, maintenance, operation, and in-service
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evaluation of physical infrastructures and associated facilities. It is a broad process, cov-
ering those activities involved in providing and maintaining infrastructure at a level of
service acceptable to the public, intended users, or owners” [2].

The concept of a smart city originated in the 1960s and 1970s with the use of databases
and aerial photography to collect the data required for cluster analysis in urban plan-
ning [3]. The aim was to make well-informed decisions to effectively allocate resources in
order to reduce poverty by fostering social and economic growth. As the concept evolved
from theory to practice, smart cities sought municipal solutions using new technology and
innovative engineering approaches. At present, the concept has been expanded with the
development of holistic urban models that involve public enabling, social inclusion, and
community engagement in the planning and management process.

From a broader perspective, a city’s smartness is determined by a set of characteris-
tics: The level of development of urban infrastructure, technological tools, environmental
initiatives, functional public transportation, assertive and progressive city plans, and the
ability of people to live and work using urban resources [3]. For a city to become smart,
it must also be resilient to effectively deal with rapid climate change and global warming,
deforestation due to growing urban areas, limited power generation supplies, increasing
demands for manufacturing goods and food production, and the emergence of new modes
of transportation.

The United Nations (UN) states that the world’s urban population will reach 68% by
2050, increasing energy consumption and emissions with every passing year. Over the
next three decades, 2.5 billion people will move to urban areas all over the world, causing
substantial impacts on economic, environmental, and social demands [4]. In September
2015, the Sustainable Development Goals (SDGs) were proposed by the United Nations,
and 193 countries agreed to seventeen goals aiming to eradicate poverty, protect the planet,
and ensure peace and global prosperity by 2030. Goal 9 is “Innovation and Infrastructure”
and goal 11 of the SDGs focuses on “Sustainable Cities and Communities”. Therefore, it is
acknowledged that without a significant transformation of construction and infrastructure
management practices, it would be impossible to achieve sustainable development [5].

Furthermore, the National Academy of Engineering (NAE) mentions that “Restore
and improve infrastructure” is one of the 14 Grand Challenges for Engineering in the 21st
Century [6]. The challenge is not only in the engineering and management of the technical
aspects. A sustainable environment and scalable development of the economy affect the
quality of life and overall satisfaction of the people in cities. The smart city concept aims to
improve the quality of life of citizens by sustaining a resilient urban environment amidst
global challenges and local concerns [7,8].

It is important to emphasize that the main priority of smart city initiatives is to fulfill
the needs of all citizens, and this is only possible with accessible civil infrastructure sys-
tems. The authors believe that this is what makes a city inclusive. An inclusive city should
provide a basic supply of public services, quality health and education, decent housing, an
efficient transport network, and access to public space and leisure for all citizens.

1.1. Research Motivation and Context

Infrastructure management practices can contribute to the development, evolution,
and sustainability of smart cities. The connection between civil urban infrastructure and
smart cities is strong due to the common goal of fulfilling public service demands
(e.g., communications, electricity, housing, transportation, and water). The research mo-
tivation is to contribute to this development by providing an infrastructure management
framework that considers humanistic and educational perspectives.

This paper presents an infrastructure management humanistic approach developed
by the authors for smart cities in the context of the UN Sustainable Development Goals.
It was prepared in response to the call for selected topics for the 5th International Confer-
ence on Transportation Infrastructures Conference (V ICTI 2022) in Lima, Perd, in August
2023. Therefore, the case studies in this paper refer to the cities of Lima and Piura in Peru.
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“Peru is located in South America with “a population of over 32 million, and its capital
and largest city is Lima. At 1,285,216 km? (496,225 sq mi), Peru is the 19th largest country
in the world and the third largest in South America” [9]. At present, Peru is undergoing a
governmental restructuring in recognition of the importance of infrastructure systems and
the role of education in the development of a nation. It is the aim of the authors that this
paper will provide guidance to foster a proactive dialogue across the governmental, busi-
ness, academic, and general public sectors. It is also expected that the conceptual approach
for smart cities, the infrastructure management framework, and lessons learned from case
study experiences be adapted to other cities.

1.2. Research Problem

Local governments need to address increasing economic, environmental, and social
demands. Nowadays, technology brings new tools to collect and analyze data for decision
making, but at the same time, challenges arise with the digital revolution, leading to sig-
nificant changes in society that require innovative management approaches. In addition, a
smart city should be inclusive and foster respect for its historical urban infrastructure her-
itage by connecting people to facilitate the integration of cultural values in the community
as prone by governmental policies that promote higher standards of living.

The research problem is posed due to the nature of smart cities and the lack of an
infrastructure management vision of traditional approaches. The concept of smart cities is
interdisciplinary in nature and demands a new way of managing the city with the help of
advanced knowledge and technologies without losing sight of human needs. Within this
concept, it is necessary to model the various scenarios that can occur in the city, identify
the causes of the crisis, analyze them, and seek the best solutions.

The problem is that traditional management approaches have been focused on a sin-
gle aspect of smart cities (e.g., technology) when there is a need to integrate multiple di-
mensions to address infrastructure problems. In this sense, the linear, disjointed, and frag-
mented approaches to managing smart cities do not work. New approaches are required
to address the complex dynamics of cities, providing citizens and local governments with
a greater capacity to successfully face infrastructure challenges.

1.3. Research Objective

The main objective of the research is to develop an infrastructure management frame-
work that considers the multi-dimensional nature of smart cities while understanding hu-
manistic and educational perspectives in the solution of urban infrastructure problems. In
this context, the research objective seeks to answer the following question: Is it possible to
develop an infrastructure management framework for smart cities to capture the multiple
dimensions and complex evolving dynamics of urban infrastructure systems that affect the
quality of life of the citizens?

Itis claimed by the authors that cities are complex and infrastructure problems should
be addressed following a humanistic-centered approach supported by education and mod-
ern technologies for the efficient interaction of education, health, transportation, public
safety, energy, and building management, among other subsystems.

1.4. Research Significance and Relevance

The significance of this paper is its contribution to an infrastructure management
framework that integrates a holistic, multidimensional conceptual approach able to foster
the development, evolution, and sustainability of smart cities. The approach is centered
on preserving urban civil infrastructure to enhance the quality of life of the citizens. In this
sense, the authors conceive that a smart city is one that has developed civil infrastructure
facilities as well as organizational and operational capacity to meet the needs of its citi-
zens. The conceptual model proposed by the authors integrates the five dimensions (5D)
of a smart city: environmental, financial-economic, political governance, social people, and
technological into infrastructure management practices.
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Infrastructure management practices are crucial for the development, evolution, and
sustainability of smart cities. In this sense, it is recognized that the application of new tech-
nologies enables deliberate communication and automated data collection from citizens
that are useful in the management of urban infrastructure [10]. A successful example of
the application of management practices for smart cities is the Milton Keynes (MK) smart
city initiative in the UK, operated by the Open University (OU). This UK initiative focused
on improving infrastructure system network domains such as water efficiency, energy us-
age, and transportation. They established an MK Data Hub related to energy, water, and
transport infrastructure and gathered open data from infrastructure networks, sensor data,
and social media platforms [11]. Another example is the Smart Mobility 2020 Initiative in
Singapore, which developed an intelligent transportation system to foster a connected and
interactive land transport community [12].

In addition to these examples, the research examined worldwide initiatives for smart
cities proposing both cutting-edge technologies and digital literacy as implanted by smart
education. Smart education promotes the adoption of sustainable local government poli-
cies supported by digital platforms that seek public opinion, fostering critical thinking
to address economic, environmental, and social urban infrastructure challenges. This re-
search is relevant because it encourages the proactive participation of the citizens in the
planning and management of smart city infrastructures.

1.5. Organization of the Paper

The paper is organized into eight sections: (a) this introduction; (b) research method-
ology; (c) a literature review of the evolution of the smart city concept, smart city indexes,
and examples of smart cities initiatives; (d) a description of the smart city conceptual model
from an infrastructure management perspective; (e) an explanation of the infrastructure
management framework proposed to integrate the five dimensions of a smart city; sec-
tions about the role of technology and education; (f) a presentation of cases studies for
Lima and Piura in Peru; (g) a discussion of the potential challenges of the approach, and
interpretation of the goals, criteria, and variables used in the case studies from a 5D per-
spective, and (h) a conclusion section with a concise summary of the findings along with
recommendations for future research.

2. Research Methodology

The main challenge is to integrate diverse knowledge and learn how to address city
public demand uncertainties that are faced by local governments when seeking infrastruc-
ture solutions. To provide infrastructure solutions, considering the complexity of smart
cities, it is necessary to articulate knowledge and technology from various disciplines by
building knowledge management networks. Therefore, the research methodology needs
to consider all these important characteristics that are intrinsic to the nature of the problem.

It is important to recall that traditional management approaches mainly focused on a
single aspect of smart cities such as technology when there was a need to integrate multiple
dimensions. For example, it is important to understand the social aspects of a smart city to
address public infrastructure needs. As stated by Morin, “The social reality and of course
of the cities, as Castoriadis maintains, is a totality that is and is not at the same time one.
Today, it is crucial to reflect from the doubt, from the complexity, from the questions, and
not as we are used to from the claim to provide a unique and categorical response to the
problems faced by the city and its citizens. It is recognizing the difficulty; it is accepting
the complexity, the uncertainty, and the need to diversify the possibilities and solutions.
It is a necessary principle not only at an individual level but also at a collective level” [13].

There are two main research methods: quantitative and qualitative. In the quanti-
tative method, data collection and analysis are used to answer the research questions ex-
pressed through a hypothesis with variables that can be measured and interpreted with de-
scriptive and inferential statistics based on samples. In the qualitative approach, there are
characters, attributes, and non-quantifiable properties; there is less emphasis on measure-
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ment since questions and hypotheses arise as part of the research process, not necessarily at
the beginning. The qualitative approach is based more on an inductive process, first explor-
ing and describing the reality of the research problem to generate theoretical perspectives.

The methodology to address the research problem described in this paper follows a mixed
approach and combines quantitative and qualitative research procedures due to the nature of
the research question. It begins with an exploratory descriptive approach investigating the per-
spectives of complexity, hermeneutics, transdisciplinary, and phenomenology. Therefore, the
research approach uses several techniques, including inductive-deductive methods and tools,
including a comprehensive literature review, participant and non-participant observations, in-
terviews, questionnaires, focus groups, content analysis, smart city measures, and project rank-
ing procedures for infrastructure management. This is because of the multidimensional na-
ture of smart cities and the complexity of management approaches to meet infrastructure
demands, which require blending qualitative and quantitative methods to address the re-
search question. The incorporation of humanistic and educational perspectives leads to
the social aspects of the research problem. Research related to social problems related to
smart cities traditionally adopts qualitative methods. The reason is that social problems
are dynamic, changing over time as a result of a complex reality that has multiple elements
with interacting facets that are constantly evolving. On the other hand, the solution to in-
frastructure problems involves systematic and practical methods for data collection and
the development of forecasting performance models for planning and management appli-
cations. Quantitative methods of research use data collection procedures and analytical
tools to approach infrastructure problems, although using these results implies assessing
the impact on socio-economical aspects of alternative planning and management decisions.
Hence, the mixed research approach considers the complexity of the technical and social
aspects of the problem, knowing that the solutions finally implemented would affect, pos-
itively or negatively, the quality of life of all the citizens.

The authors do believe that the inclusion of humanities, sciences, technology, innova-
tion, and education perspectives in research is essential for the formulation of questions
in the context of a mixed research approach seeking solutions contextualized to the geo-
graphical and educational realities, basic needs, feelings, and emotions of the community.
This reasoning resonates well with the need to foster ethical behavior among the citizens
as the foundation for a better quality of life and the commonwealth of the community.

As a result, the research approach included a first phase with a comprehensive liter-
ature review and the development of an infrastructure management framework for smart
cities; and a second phase with workshops and focus groups to apply the framework. To
be more specific, the comprehensive literature review provides an overview of existing
concepts and practices to be contrasted with participant and non-participant observations
about their usefulness for infrastructure management practices. As it is explained in later
sections of this manuscript, the preliminary conclusion confirmed the need for an infras-
tructure management framework for smart cities, pointed out the importance of a human-
istic approach, and led the research methodology to the assembly of focus groups and the
application of context analysis to interpret their responses. The integration of all these
research techniques resulted in the development of the infrastructure management frame-
work for smart cities. Smart city traditional measures were also reviewed, finding that they
cannot be directly applied in the procedures used for infrastructure management decisions.

In the second phase of the research methodology, the Delphi method is one of the
main tools proposed to collect feedback and analyze data. Figure 1 shows four stages for
applying the Delphi method to the solution of smart city infrastructure problems.
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Figure 1. Delphi method for smart city research analysis.

A description of how to implement the four stages follows:

Preparation: Research objectives and instruments are determined to identify experts
to respond to the topics related to a smart, sustainable, and resilient city. A panel is assem-
bled, composed of experts from academia, professional practice, and citizens representing
different organizations.

Consultation: A survey with questionnaires is prepared and sent to the experts to
gather opinions and feedback on the identified problem. Experts can be asked to justify
their answers. A follow-up workshop is conducted with practitioners who are implement-
ing smart city initiatives in different sectors and regions, including architects, urban plan-
ners, ecologists, educators, sociologists, anthropologists, psychologists, artists linked to ur-
ban planning, sports professionals, urban heritage experts, educators, and representative
citizens. The data collected in the first round are analyzed to identify patterns and trends
in the expert responses and validated by the experts selected in the workshop. Statistical
or qualitative techniques are used to synthesize the information.

Specific examples of questions for consultation are: How do you think about the cre-
ation of a smart, resilient, and transformative city? What technologies are relevant to help
develop a smart, resilient, and sustainable city? What is the role of higher education in
creating smart, sustainable, and resilient cities? How do we empower citizens so that they
can understand and participate in the development of a smart city with a humanistic ap-
proach? What level of interaction is required between the city and the rural areas?

Feedback: The first results can be shared with the experts without identifying a spe-
cific identity. The experts can modify their own answers based on the information pro-
vided by their colleagues. Additional rounds are optional since the submission of feed-
back surveys and interviews can be done multiple times to achieve a satisfactory degree of
convergence in responses until a level of consensus is achieved.

Results: When the answers converge and the arguments become consistent, conclu-
sions are drawn.

In summary, the Delphi method collects data in terms of answers from a panel of ex-
perts whose members are identified by the research team. The panel of experts is selected
in the preparation stage based on the research objectives, and questions are prepared ac-
cordingly for consultation. The results of the analysis are considered feedback to repeat
the consultation process until a consensus is reached. The four stages can be put into prac-
tice with the adoption of the infrastructure management framework. The reason is that
the Delphi method is a useful tool to collect qualitative data throughout the entire man-
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agement process, as described in the case studies. The case studies presented in this paper
describe details about the research activities, providing examples of how the methodology
addressed the multi-dimensional nature of smart cities by integrating humanistic and edu-
cational perspectives that can be adapted to the particular characteristics of a specific city.

3. Literature Review

Smart cities arise from the convergence of two revolutions: The urbanization process
and the digital revolution. In the evolution of a city to become smart, there are four phases:
(1) the vertical phase of technology implementation for urban management improvement;
(2) the horizontal phase of a transversal management platform connecting different ser-
vices; (3) a connected phase enabling information sharing and interoperation of different
technologies implemented in the vertical phase through the horizontal platform adopted
in phase 2; and finally, (4) an intelligent phase offering high-value information and services
to citizens and companies, creating an innovation ecosystem [14].

There is no doubt that several benefits for citizens and local businesses depend on
compatible and internet-based government services that offer worldwide connectivity [15].
However, technological devices are only tools that create virtual platforms for people to
use for various purposes, while the true effectiveness of their usage mainly relies on other
factors such as understanding, acceptance, comfort, and their ability to contribute to pre-
serving social sustainability. In this sense, Chen et al. mentioned four major concerns
regarding social sustainability that impact the progress of a city: (a) inclusive social equity
and justice; (b) quality of life with a focus on the basic needs of people; (c) level of citizen
participation; and (d) human-centered smart governance [16].

As a result, the concept of a smart city has evolved to achieve livability, workability,
and sustainability for all citizens. Three affirmative general approaches to the concept of
a smart city are: Technocentric, socio-economic, and people oriented. The technocentric
approach emphasizes technology as the driving force of urban development, while socio-
economic approaches give more weight to stakeholder participation. The people-oriented
approach focuses on humanistic management principles and effective governance. On the
other hand, one rejecting approach views smart cities as a technocratic dystopia followed
by businesses focused on surveillance [17].

From an engineering perspective, new approaches to foster a people-centered ap-
proach in the planning, design, and management of infrastructure projects have arisen. For
example, emotional engineering emphasizes the importance of meeting the expectations
of the receivers or people by giving more attention to the users’ emotions when planning,
designing, building, and maintaining infrastructure [18]. Therefore, more recently, smart
city models have enabled public engagement and social inclusion, as observed by Vienna’s
partnership with Wien Energy and later in the Vancouver Greenest City 2020 Action Plan
with the participation of 30,000 citizens [16].

In practice, a smart city should interconnect governance, entrepreneurial initiatives,
and social programs using technological tools. The objective is to boost citizens’ partici-
pation in thematic networks and generate data to sustain knowledge production [19]. In-
terpretation of data collected in a systematic manner from integrated thematic networks
should produce knowledge to formulate and implement well-informed urban plans, lead-
ing to a knowledge-driven economy by generating socio-economic value and bringing
global competitive advantages. This level of development requires the development of
civil infrastructure with the integration of multiple dimensions, including smart environ-
ment, smart economy, smart governance, and smart people. As a result, in order to assess
the level of smartness of a city considering its multidimensional nature, smart city indexes
have been developed.

3.1. Smart City Indexes

In 2021, The Institute for Management Development and Singapore University for
Technology and Design (SUTD) ranked Singapore, Zurich, and Oslo in the first, second,
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and third places, respectively, using the Smart City Index. The Smart City Index is based
on economic and technology-related data and captures the perceptions of the residents
about the level of smartness of their cities [20]. Examples of other smart city indexes are the
IESE Cities in Motion Index (CIMI), the Innovation City Index (ICI), the European Digital
City Index (EDCi), the Smart City Strategy Index (SCSI), the Global Cities Index (GCI), and
the Global Livability Survey. These smart indexes mainly consider digital infrastructure
and technology dimensions and assign different weights to their components or subcate-
gories. Alderete stated that in-house experts, country analysts, and field correspondents
suggested assigning a lower weight to technology as a city’s digital infrastructure depends
on the country’s digitalization level [7].

In general, smart city indexes score different subcategories or service sectors as accept-
able, tolerable, uncomfortable, undesirable, or intolerable. The subcategories are weighted
to produce a smart city rating based on the location’s relative performance of the city as
supported by information about its service as gathered from external data sources. Ac-
cording to a survey conducted by the European Union in Spain, the order of priority of
subcategories or service sectors as ranked by citizens living in a city is health, environment,
education, security, local economy, traffic and mobility, and municipal government [14].

The International Standard Organization (ISO) has published standards to evaluate
the sustainable development of smart cities. ISO is an independent and non-governmental
organization, and the Technical Committees (TCs) comprise experts from over 50 coun-
tries. ISO standards for smart cities cover urban services towards the enhancement of
the quality of life of the citizens, addressing various dimensions such as environment, en-
ergy, finance, education, economy, and planning [19]. ISO standards offer a framework
to measure a city’s smartness. For instance, ISO 37101, titled “Sustainable development in
communities”, outlines basic requirements for sustainable cities to prepare strategies for
achieving local government goals [21]. Another example, ISO 37120 “Sustainable develop-
ment of communities—Indicators for city services and quality of life”, presents indicators
for city services and quality of life that has two sub-categories [22]: (a) ISO 37122 describ-
ing indicators for smart cities [23]; and (b) ISO 37123 summarizing indicators for resilient
cities [24,25]. Table 1 shows a list of the most common smart city indexes.

Table 1. Summary of smart city indexes (adapted from 7).

Number of Cities Sub-Category or

Index Sample Scale Service Sector Source
Governance, urban planning, public
Cities in Motion 181 1-181 (Ranking) management, technology, the environment, IESE School of
social cohesion, transportation, human Navarra
capital, and the economy
Access to capital, business environment,
.. digital infrastructure, entrepreneurial
Eurgpean Digital 60 0-60 (Ranking) culture, knowledge spillovers, lifestyle, Ne's’@, European
ity Index > . Digital Forum
market, mentoring and managerial
assistance, non-digital infrastructure skills
Clobal Citi Business activity, human capital,
OI; dexl 168 128 0-100 (Ranking) information exchange, cultural experience, A.T. Kearney
political engagement
Global Livability 140 0-100 Stability, healthcare, culture and Economist Intelligence
Index environment, education, and infrastructure Unit
Cultural assets, human infrastructure (to
implement innovation: transport,
Innovation City > universities, government, technology), and .
Index 200 17-60 (Score) networked markets (basic conditions and Think now
connections for innovation: location,
military, economies of related items)
Transport and mobility, sustainability,
. governance, innovation, economy,
Smart City Index 100 0-10 digitalization, living standard, expert Easy Park Group
perception
Action fields (buildings, energy and
Smart City Strategy environment, education, health,
Index 87 0-100 government, mobility), strategic planning, Roland Berger

and IT infrastructure,
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3.2. Examples of the Smart City Initiatives

There are many cities worldwide implementing initiatives focused on different as-
pects of a smart city, but they all share a common goal of enhancing the livability, worka-
bility, and sustainability of the urban environment. Examples of smart city initiatives are:

e Amsterdam: A significant approach to the city’s governance is to initiate the “Smart
Citizen” project involving citizens and local communities, where they work as agents
of crowdsourced data with direct involvement in shaping the city as smart and re-
silient [26]. It represents an ideal example of smart governance, where entrepreneurs
are encouraged to utilize publicly available data, design apps, and test and pilot inno-
vative solutions to enhance services and businesses.

e  Copenhagen: The city is collaborating with the Massachusetts Institute of Technology
(MIT) to develop an intelligent bike system, “the Copenhagen Wheel”, which is a new
emblem of smart, responsive, and elegant urban mobility [27]. It ranked seventh in
the IMD's list of smart cities in 2021 [20].

e New York: As a part of “Smart City Pilot Project 2020”, hundreds of smart sensors
have been placed in different districts, streamlining traffic flow to reduce conges-
tion and emissions; installing clean water leakage detection systems to preserve clean
drinking water; installing LED indoor farming lights; and installing advanced air
quality monitoring systems. A new web-based software from HunchLab has been
tested by the police department and utilizes historical crime data, terrain modeling,
and other information to predict and respond to crime [20].

e  Oslo: With about one million citizens, the city is focusing on creating an eco-friendly
environment with smart, green transport solutions. One of the public transport com-
panies in the city, Ruter, has declared that all its modes of transport will become emis-
sion free by 2028 [28].

e Singapore: The city is running the “Smart Mobility 2020 Initiative” towards a more
connected and interactive land transport community through the development of an
intelligent transportation system. Singapore’s e-health initiative is driven by the Min-
istry of Health (MOH) and the Infocomm Media Development Authority (IMDA),
which includes HealthHub, Telemedicine, TeleRehab, and robotics to efficiently pro-
vide seamless healthcare experiences for the citizens. The government of Singapore
has developed a mobile app named “Smart Nation App”, which creates a platform
for the citizens to interact with the government and provide access to government
services and data [12].

e  Zurich: It has a strong human-centric policy approach with a dynamic blend of job
opportunities in long-established sectors such as finance, coupled with a scene of in-
novation [29]. The main priorities of their smart city strategy include providing af-
fordable housing to its residents, mitigating road congestion, solving unemployment
issues, and improving air quality. In 2022, a survey conducted across 141 cities with
a total of 20,000 participants gathered feedback on 15 aspects of living in their cities
as well as their feelings on the adoption of smart technology, including the use of per-
sonal data and facial recognition, and what urban challenges they believe are most
urgent to address. About eighty percent of the citizens rated public transport as satis-
factory, while seventy percent agreed on the need for transparency to get easy access
to information about local government project initiatives [29].

In the United States, Columbus, Pittsburg, and San Francisco are also implementing
smart city initiatives to address transportation, sanitation, connectivity, and safety chal-
lenges in their communities. Columbus’ strategies focus on better-connecting citizens to
services by experimenting with innovative technologies and partnering with the private
sector. The city of Pittsburgh and Allegheny County are implementing cutting-edge tech-
nologies in transportation, such as smart traffic lights that reduced aggregate waiting time
at intersections by 40 percent, which helped decrease vehicle emissions by 21 percent. San
Francisco’s smart city strategies are focused on stakeholder engagement and encourage
residents to submit proposals to the Mayor’s Office of Civic Innovation [30].
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4. Smart City Conceptual Model from an Infrastructure Management Perspective

Smart city project initiatives are usually categorized into two main approaches: “top-
down” and “bottom-up”. Top-down approaches emphasize technology, efficiency, master
planning, and data integration from different systems into a central operations unit [31].
Conversely, bottom-up approaches adopt a more humanistic approach, focusing on citi-
zens and their ways of using cutting-edge technologies for their benefit, such as mobile
apps, social media, and open data. The bottom-up approach seeks proactive solutions to
problems and promotes behavioral change and transverse critical thinking.

The authors believe that from an infrastructure management perspective, a city be-
comes smart when it has developed civil infrastructure systems as well as the organiza-
tional and operational capacity to fulfill the needs of its citizens. The conceptual model
proposed by the authors is centered on the quality of life of citizens and is composed of five
main dimensions that are integrated through an infrastructure management framework.

5D Smart City

In the infrastructure management approach, the authors propose five smart city dimen-
sions (5D): Environmental, financial-economic, political governance, social-people, and tech-
nological, as shown in Figure 2. The level of development on these five dimensions deter-
mines the quality of life of the citizens.

215t Century education
Inclusive society

Embrace creativity Social - People

¢ Culturally vibrant

Political - - and happy
Governance Technological |8 Safe
SMART CITY * Healthy

Quality of Life
of the Citizens

* Green Buildings
* Green Energy
* Green Urban Planning

Financial -

L Environmental
Economic

.

Figure 2. 5D smart city conceptual model (adapted from [32]).

Environmental: Environmental concerns are getting more attention nowadays due
to factors such as global warming and the rising frequency of natural disasters that
pose risks for people living in urban areas. In addition, safe water supply, smart
waste management, energy-efficient buildings, and green public places are required
to preserve a sustainable environment for citizens.

To be proactive and meet the evolving needs of the people while mitigating the envi-
ronmental impact, innovative ecological approaches such as nature-based solutions
(NDbS) are adopted worldwide to solve infrastructure problems [33]. Two major chal-
lenges of the NbS approach are climate change and the impact of human activities
on the planet. Different aspects of NbS include carbon storage to mitigate climate
change, preservation of vegetation from rising temperatures, preventing the intensi-
ties of natural calamities, and pollution treatment.
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e  Financial-Economic: Local governments should work together with the private sector
to create a smart economy. A smart city attracts new businesses, job opportunities,
and a productive workforce, which increases productivity and workability.

Businesses that promote resilient infrastructure, the safety of the citizens, and poverty
eradication assist the city to prosper economically and accelerate the standard of liv-
ing of the people. Entrepreneurs and different start-up founders take part in the
development of a city’s economy by making contributions to both local and global
networking and infrastructure investments.

e DPolitical-Governance: The political aspects of a smart city encompass ethical and re-
sponsible governance, which demands safeguarding data privacy and protection, en-
suring cyber security, involving citizens and stakeholders in political issues affecting
the management of infrastructure, and maintaining a transparent decision-making
process. These elements are crucial to creating public trust in government adminis-
tration.

e  Social-People: The social dimensions of a smart city involve the engagement of citi-
zens, stakeholders, leaders, and the government in the infrastructure planning and
management processes; highlighting the notion that the intelligence and competence
of the people are fundamental to the evolution of a smart city. Social sustainability is
the central factor in creating smart functionality and flexibility of infrastructure net-
works. The integration of smart living, smart mobility, and smart people describes
the social aspects of a smart city.

e  Technological: The technological dimension of a smart city establishes an intercon-
nected infrastructure ecosystem where individuals, from decision-makers to bene-
ficiaries, actively engage and interact using IoT, sensors, artificial intelligence, ICT,
mobile apps, geospatial technology, and blockchain. Smart city technological initia-
tives include energy conservation and environmental efficiencies that help reduce pol-
lution; smart traffic management, ride-sharing services, and smart parking systems,
which reduce congestion and save people’s time; internet-enabled rubbish collection,
bins, and fleet management systems to combat air pollution effectively; monitors and
sensors providing an early warning for incidents such as floods, landslides, hurri-
canes, or droughts for safety measures; smart buildings offering real-time space man-
agement or structural health monitoring.

In summary, it is very important to empower citizens, along with smart applications
and data analysis capabilities, with the necessary skills to effectively utilize technologies
and devices in order to receive the utmost benefit from technology. For example, a com-
prehensive and forward-thinking virtual tool designed for a futuristic vision is Mega City
2070. It includes 39 topics, making up hundreds of callouts that can be explored by the
users. The topics include artificial intelligence, hazard response and mitigation, human
mobility and transit, materials, policy and planning, resilience, sustainability, water ac-
cess, and management, among others. Mega City 2070 (ASCE 2022) mainly focuses on the
engagement of people of all ages and across all facets of professionals from students to
engineers and researchers. Therefore, it encourages stakeholders to think holistically, in-
corporating green buildings, green energy, green urban planning, automation, resilience,
sustainability, and livability principles to foster economic and social equity [34].

5. Infrastructure Management Framework for a Smart City

The development, evolution, and sustainability of a smart city should be supported by
an infrastructure management framework that involves setting goals and policies, build-
ing an asset inventory, assessing urban infrastructure conditions, developing and applying
performance models, evaluating alternative solutions, selecting smart city project initia-
tives, prioritizing funding allocation, formulating short- and long-term plans, implement-
ing the plan, and monitoring performance to tune-up infrastructure management practices.
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Figure 3 shows the infrastructure management framework integrated with the five
dimensions of a smart city throughout its entire process. It begins with setting goals and
policies that should be aligned with the environmental, financial-economical, political-
governance, social-people, and technological dimensions of a smart city. It follows the as-
set inventory, traditionally related to physical infrastructure facilities, but from a broader
perspective, it should include human and financial resources since they are valuable as-
sets, as emphasized in the 5D model. Condition assessment and performance modeling
using forecasting methods based on statistics is the next framework component. These
models are needed to evaluate alternative solutions that must assess the five dimensions
to formulate short and long-term plans considering the available budget allocation and
financial capacity. A successful program implementation phase is unfeasible without the
integration of the five dimensions into the projects. Once the program is implemented,
monitoring of the results, in terms of performance, is required. Monitoring the perfor-
mance of smart cities requires following the responses using measurements that are able to
proactively capture changes in the five dimensions in order to tune-up infrastructure man-
agement practices. Therefore, lessons learned from the program’s implementation should
provide feedback to potentially modify goals and policies. During the entire infrastruc-
ture management process, the participation and interaction of local authorities and the
public through effective communication tools are essential to ensuring a balance among
the five dimensions.
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E 2
| Evaluation of Alternative Solutions Stewardship

Formulate Short and
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Figure 3. Overview of an infrastructure management framework for smart cities (adapted from [35]).

The implementation of a holistic interactive approach with the participation of local
authorities and the public in the infrastructure management process will contribute to sus-
taining and strengthening the smart city 5D model. Infrastructure management strategies
supported by specific standards and practical guidelines should enhance the overall project
selection process, prioritizing the resources allocated to smart city initiatives. There are dif-
ferent approaches for project selection and decision-making prioritization analysis. Wua
and Chen used multi-criteria decision making (MDM) to identify alternative solutions and
establish evaluation criteria for project selection using the analytic hierarchy process (AHP)
to assist decision-makers in assigning weights to the dimensions taken into consideration
in the selection criteria [36].

Project prioritization for resource and budget allocation methods should not only in-
volve local government authorities but also the citizens. Different approaches to gathering
feedback, such as the Delphi method, can be adapted to allow citizen and expert partici-
pation in the management process. For example, Preble mentioned that “Delphi can act
as a useful decision and that can supplement the more traditional planning and budgeting
methods and models”, examining its application to address problems related to environ-
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mental concerns; urban transportation; urban fiscal policy or municipal finance; and food
production, marketing, and distribution in the cities [37].

This interactive management approach involves iterative stages, introducing ques-
tionnaires to ensure comprehensive feedback from the participants, who play an impor-
tant role in project prioritization [38]. Moreover, the participation and collaboration of
local government, private companies, universities, and most importantly, citizens are re-
quired as the main component of the methodology to construct a smart city ecosystem
in an urban environment. In this line, Sekayi and Kennedy recommended a Likert-type
questionnaire response to facilitate the feedback and analysis of the responses of the par-
ticipants in a Delphi study [39]. This questionnaire complements the open-ended ques-
tions by gathering qualitative feedback from the participants using a five-point Likert-type
scale that can be transformed for quantitative analysis (e.g., 1: Strongly disagree, 2: Dis-
agree, 3: Neither agree nor disagree, 4: Agree, 5: Strongly agree), repeating the consul-
tation and feedback process until consensus is reached. Regarding the analysis of the
responses, Keeny states that “there is no standard approach used to analyze data from
Delphi rounds” [40]. Therefore, the researchers propose descriptive statistics to analyze
the answers to Likert-type questions and content analysis to identify frequent words in
the responses to open questions.

It is hoped that the combination of traditional tools used in infrastructure manage-
ment practices with novel approaches will result in an enhanced planning and manage-
ment process for the benefit of the citizens. One aspect that needs to be carefully consid-
ered is the performance measures to be used to support the project selection process for
funding allocation. This opens research that merits being studied by itself, although this
paper provides initial brainstorming and discussion to ignite further development. For this
reason, the importance of a sustainability rating system and the roles of technology and ed-
ucation to support the infrastructure management framework towards the development,
evolution, and sustainability of smart cities are emphasized in the following sub-sections.

5.1. Sustainability Rating System: Envision™

Infrastructure planning and management should be designed to be adaptable and
flexible to the world’s changing conditions, such as climate change, natural disasters, and
technological advancements. A smart city should uphold resilient civil infrastructure to
withstand the shocks and stresses created by disasters, and cyber security threats, and
promote sustainable urban development.

Envision is a ranking tool to be considered as an alternative for the selection of sus-
tainable projects. Envision is a comprehensive ranking tool that enables a thorough ex-
amination of the sustainability and resiliency of all types of civil infrastructure [41]. En-
vision leads to a number of benefits by promoting environmental justice and social eq-
uity, aiding carbon neutrality, enhancing stakeholder engagement, fostering infrastructure
resiliency, enabling climate-ready infrastructure, and seeking cost-effective and resource-
efficient projects. More than 200 cities, counties, public agencies, academic institutions,
250 private companies, and industry associations have used Envision.

Envision comprises a framework of five categories: Quality of Life (QL), Leadership
(LD), Resource Allocation (RA), Natural World (NW), and Climate and Resilience (CR) that
consists of 64 sustainability and resilience indicators or “credits” under different subcate-
gories. For instance, there are three subcategories and fourteen credit indicators under QL,
including Improve Community Quality of Life, Minimize Construction Impacts, Improve
Community Mobility and Access, Advance Equity, and Social Justice, among others [42].
Table 2 shows the five Envision™ categories along with a total of 14 subcategories and
their corresponding maximum points [43].
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Table 2. Envision™ categories, subcategories, and points table [42].
Category Subcategory Maximum Points

Wellbeing 92

Quality of Life (QL) Mobility 44 200
Community 64
Collaboration 72

Leadership (LD) Economy 60 182
Planning 50
Materials 66

Resource Allocation (RA) Energy 76 196
Water 54
Sitting 82

Natural World (NW) Conservation 78 232
Ecology 72

Climate and Resilience EI;IIS{IS;EI:; 16246 190

Total points 1000

Stakeholders can evaluate projects through the credit indicators of Envision, which
consider five different levels of achievement in the criteria: Improved (performance above
conventional); Enhanced (performance adheres to Envision™); Superior (high-level per-
formance); Conserving (Performance with zero impact); and Restorative (a performance
that restores systems).

The Envision categories fit into the 5D conceptual model described in this paper. The
natural world and climate and resilience Envision categories are considered in the envi-
ronmental dimension of the 5D model; the resource allocation category is aligned with the
financial-economical dimension of the 5D model, but it could also be related to the political-
governance dimension; the leadership category is related to the political-governance di-
mension; and the quality of life category is related to the social-people dimension. The
technological dimension of the 5D model is not explicitly defined as an Envision category,
although it is required to assess the feasibility of implementing a smart city initiative. Fur-
ther comments and ideas on how to handle the selection or development of smart city
indicators for infrastructure management practices are provided in the discussion section
of this paper.

5.2. Role of Technology in Smart Cities

The progress of smart cities is greatly influenced by the advancement of technolo-
gies such as blockchain, building information modeling —city information modeling (BIM-
CIM), geospatial technology, smart Internet of Things (IoT) devices, and twin digital mod-
els. A brief description of these technologies follows.

e  Building Information Modeling-City Information Modeling (BIM-CIM): Building in-
formation modeling (BIM) is a 3D modeling tool for urban planning and design that
helps a city improve operational efficiency, assist stakeholders in decision making,
and mitigate risks and vulnerabilities. The tool enables collaboration among archi-
tects, engineers, planners, and stakeholders by providing a platform to share data
and information, thus creating interconnectivity among parties involved in a spe-
cific project. On the other hand, a geographic information system (GIS) is a plat-
form to store urban data and information about the locations of buildings, topog-
raphy, and occupancy. The development of city information modeling (CIM) is a
relatively recent idea that was proposed to enable multi-hazard simulation using a
unified database covering both individual buildings and urban areas. City informa-
tion modeling (CIM) combines the spatial data representation of a geographic infor-
mation system (GIS) with the richness of expressing individual building component
information in BIM. Figure 4 shows the concept of city information modeling (CIM)
integrating BIM and GIS [44].
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Figure 4. CIM integration of BIM and GIS [36].

Digital Twin Model: Digital twin is a virtual simulation model that replicates physi-
cal features, and objects, and captures the process in real time, providing a platform
to compare the planning or design of project initiatives with the current real-time
situation. An example is the digital twin of Maracaibo, Venezuela’s second-largest
city, with a bird’s eye view down to specific buildings. It was developed by ArcGIS
Urban and related solutions such as CityEngine, Esri Venezuela, and partners at the
University of Zulia. This digital twin incorporates indicators and variables such as
power consumption, mobility patterns, environment, and zoning regulations, allow-
ing assessment of different scenarios and evaluation of plan alignment with public
policy goals [45].

Geospatial Technology: Geospatial technology is a multidisciplinary area that includes
various technologies such as GIS, global positioning systems (GPS), and remote sens-
ing. Maps created using geospatial technology assist decision-makers in visualizing
and identifying problems. While performing advanced geospatial analysis, it is nec-
essary to maintain and preserve large-scale data for intergovernmental coordination
related to smart cities. Many smart city initiatives are using geospatial technology
to identify areas where existing infrastructure systems are inadequate. For instance,
the San Diego Association of Governments (SANDAG), California, is using GIS for
regional planning and transportation projects to assess the existing conditions and
identify stresses on the transportation network in order to learn the current and future
needs of citizens and provide transportation alternatives that promote equity [46].
Smart (IoT) devices: Using different devices such as smart sensors, monitoring de-
vices, visibility devices, and Al for receiving and managing big data efficiently, IoT is
enabling seamless urban interconnectivity and communication between different sys-
tems and infrastructures. IoT applications have made ground-breaking changes in
different areas such as traffic control systems, energy consumption, and waste man-
agement. These advancements have resulted in optimizing resource allocation pro-
cesses, reducing pollution, and saving time as a result of the adoption of sustainable
practices. Cloud-based (IoT) applications facilitate real-time data management for
citizens using smartphones in different areas of urban eco-systems with the partici-
pation of municipalities and enterprises. The Oslo Smart Street Lighting project is a
prime example of an IoT application in smart cities. By incorporating smart sensors
and utilizing internet-based apps, Oslo integrated the city’s street lighting into a re-
motely accessible network, resulting in approximately 70% energy savings through
the deployment of 20,000 smart streetlights [47]. Figure 5 shows the various roles of
IoT in smart cities by using different devices.
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Figure 5. IoT roles towards smart cities.

Despite the benefits brought by smart (IoT) devices, new economic and social opportu-
nities arose, posing two entangled main challenges in the area of security: (a) illegal access
to information and (b) privacy digital intrusion when citizens share their location and ac-
tivities [48]. With the increasing use of interconnected smart IoT devices, smart cities need
to have protection against cybersecurity risks such as device hijacking, data theft, man-in-
the-middle attacks, distributed denial of service (DDoS), and permanent denial of service
(PDoS) [49]. It is important to follow proper algorithms, frameworks, models, and pro-
tocols to improve data privacy and cybersecurity when launching any new technological
advancement. For instance, a cloud-oriented testing architecture can be incorporated to
execute tests and collect testing results for IoT in smart cities [50].

5.3. Role of Education in Smart Cities

The most important component of a smart city is its citizens, who should benefit from
the progressive enhancement of the services provided by the city. Local governments
can initiate many projects, but any project will fail if the citizens do not accept and col-
laborate with it. A smart city requires a local government with city planners, managers,
and citizens working together with the support of a common technological platform to de-
velop, select, and implement project initiatives to preserve safe, secure, and healthy urban
infrastructure systems.

Citizens are required to participate with ethics, responsibility, and solidarity in the
development and implementation of smart city projects. For this reason, education is es-
sential to forming smart citizens. There are many definitions of education, Pablo Natorp
stated that “There is only one educational entity: the community. An individual educa-
tional action is as impossible as the existence of a man dispensing with society” [51]. In
addition, Hans Thiersch affirmed that: “The role of the social pedagogue is to help people
to critically analyze their problems, reflecting on the social causes of individual problems
and to find options for a successful everyday life. The focus is connecting help for the
individual with political action in the context of social justice and well-being while recog-
nizing social and political resources” [52,53]. The infrastructure management humanistic
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approach for smart cities emphasizes the importance of social interaction for education as
a foundation for the sustainability of life in all its manifestations.

Education is a process inherent in the human condition. It is a way of understanding
the world that is valid in a community and determines all the work of being human. It
occurs in a network of conversations and interactions that coordinate the knowledge, the
doing, and the emotions of the participants and has as its supreme purpose to forge integral
citizens, with a humanistic vision of society, committed to the environment.

“Quality Education” is goal 4 of the SDGs stated by the United Nations [4]. Education,
among other aspects, must make human beings aware that: “The essence of the human
condition cannot be dissociated. We are at the same time individuals, society, and species,
you cannot have individual health if there is no public or community health, and that will
be only achieved to the extent that humanity understands the fabric of life in nature and
the fabric of life in political, social systems, cities, health, etc., without which there is no
sustainability. On ethics and love for humanity and nature, with which we interact in the
world, our survival on planet Earth will depend” [54].

Citizens are valuable assets, and their education plays a crucial role in developing a
smart city since conventional education has limitations. Education based on positivist and
reductionist thinking, reinforced by instrumental reason and the commodification of life,
can well be held responsible for the predatory action of humans on nature and their blind-
ness to understanding and addressing the serious problems of humanity [55]. From this
perception, knowledge was dehumanized, imposing a single way of creating knowledge
and making invisible other cultures and ways of being in the world.

Further development of the sciences made it clear that some of the emergent proper-
ties of life and nature could not necessarily be addressed by deterministic and reversible
science. Such understandings, which have been evolving, have produced changes in the
ways of thinking and living in the world, the structures of knowledge, and the way of
conducting science. They foster the rise of complex sciences and complex thinking, which
have integrated real-world irreversibility into science [13]. A reform of thought is required;
the fragmented and deterministic dominant thinking that isolates and separates must be
replaced by the complex thinking that unites and distinguishes. Morin proposes a new
epistemic framework to think, feel, and act in the world [55].

From this epistemic framework, it is observed that most cities are managed from a
linear and fragmented perspective, made only for commerce and transport business pur-
poses. It is necessary to think about networked cities where different agents and multiple
variables interact at the same time while providing dynamic feedback as the city evolves.
For Morin “cities need to promote an inclusive, equitable and solidary urban development
in which the articulation between the individual, the species and society is the vision and
mission of a generous and responsible governance. Since ancient times, the city is not a
problem as such; on the contrary, the urban environment is a human creation substantive
for peaceful coexistence, the emergence of commerce, politics, institutions, law, civiliza-
tion, the arts...” [55].

At present, the adoption and management of technological tools and social networks
have affected the social life of the citizens. Maturana (2014) stated that to educate is to cre-
ate, perform, and validate a particular form of coexistence [56]. This is always conducted
in a network of talks that coordinate the thoughts and emotions of the participants. This
means giving every citizen the elements for an autonomous, socially, and ecologically re-
sponsible task. In today’s age of global connectivity and virtual networking, people from
every profession now seek flexibility in work and networking from any place in the world.
Moreover, in order to achieve the goals aimed at improving the quality of life of the peo-
ple, a skilled and educated group of citizens, who actively embrace social innovation in
industry is required.

In this sense, collaborative education is setting a new era for an education environ-
ment where students get access to open data, ideas, and work from other societies, receive
suggestions from different experts in real-life scenarios, and build knowledge using IoT
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and other technologies that are expanding day by day. Smart education creates a path of
innovative and creative culture, enabling people to generate new ideas through lifelong
learning, which flourishes the economic growth of a country. Such an evolving education
system has accelerated changes in the structure of society and the thinking processes of its
citizens. Social interactions and conversations create a network of knowledge, capability,
tasks, and living emotions in the participants, resulting in the education of citizens with a
humanistic vision of society.

Hence, it is a fundamental condition to form an informed, critical citizenry, with dig-
ital, communication, and social interaction skills. Schools must be transformed into ad-
vocates of culture and reading, reinforce the teaching of humanities, sciences, technology,
and innovation in formal and non-formal settings, promote public spaces for art and sports,
and enhance the aesthetics of the urban landscape, where the use of the infrastructure for
living healthy is achieved.

Finally, it is worth emphasizing that ethical behavior is the foundation of education.
Ethical principles are crucial to forming responsible citizens, aligning them with moral
codes of practice to respect cultural values while promoting equitable living standards to
develop and sustain inclusive smart cities.

6. Case Study: Project to Develop Smart, Sustainable, and Resilient Cities in Peru

Peru is currently undergoing many smart city initiatives, and two case studies for
Lima and Piura are described in this section. The two case studies complement each other
to illustrate the research methodology for the implementation of the infrastructure man-
agement framework as described in this paper for smart cities. The first case study, city
of Lima, focuses on explaining how the five smart city dimensions can be used to identify
challenges and propose activities to address them. The second case, city of Piura, pro-
vides more details on the procedures and products as a result of the implementation of
the methodology.

6.1. Approaches for a Smart and Sustainable Urban Future for Lima, Peru

Lima has many socioeconomic, environmental, and cultural drawbacks, and the Na-
tional Institute of Statistics and Informatics (INEI) indicates that most of the Lima’s pop-
ulation expresses feelings of unsafety (89%), disapproval of public transportation (60%),
dissatisfaction about healthcare services (86%), lack of formal employment (70%), feelings
of insecurity during an earthquake (70%), and dissatisfaction with the quality of public
services (57%) [57]. In response to this situation, PLANMET 204 has been prepared.

6.1.1. PLANMET 2040: Lima, Peru

PLANMET 2040 was developed by the Municipality of Metropolitan Lima, the
Metropolitan Institute of Planning, and the Ministry of Housing, Construction and Sanita-
tion, which presented Specific Agreement No. 606-2020-VIVIENDA in August 2022 [58].
This plan consists of implementation and management instruments based on a compre-
hensive urban characterization of Lima that enables the visualization of the current urban
dynamics and trends within the city, considering both internal and external territorial fac-
tors. The purpose of the plan is to improve the quality of life of the citizens, preserve the
natural and cultural heritage, identify, and reduce the conditions of risk areas in the terri-
tory, and prioritize investments across the three levels of government: national, regional,
and district.

6.1.2. Expanding the Smart City Vision for Lima

To address the multidimensional problems of Lima, an epistemic and humanistic ap-
proach should be adopted to understand and manage the complex dynamics of the city,
where the interacting agents are constantly adapting and co-evolving. This indicates the
necessity of the transformation from a conventional to a smart education system, with
the implication of new technologies for managing and interacting between different sub-
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systems such as education, culture, transportation, energy, security, and supply chains.
The development of Lima as a smart city requires multidisciplinary, interdisciplinary, and
transdisciplinary approaches. A lifelong education with an understanding of the human
condition is a prerequisite to preserving nature and culture. Learning how to live together
with solidarity, civic identity, and a well-being community orientation.
Three main initiatives are proposed for Lima to become a smart, sustainable, and re-
silient city:
1.  Development and implementation of an infrastructure management humanistic-centered
approach prioritizing livability, planning, design, and management among citizens.
2. Building a technological digital platform that enhances infrastructure management efficiency.
3.  Integrating environmental principles into practical local government regulations that
support sustainable infrastructure management.

To further develop these initiatives, the 5-dimensional aspects of a smart city should
be adapted to the local context to establish a practical infrastructure management model
with specific activities for Lima.

6.1.3. Delphi Method

Itis very important to know what citizens think about health, education, the economy,
and overall quality of life; to know about smart city goals and technologies; and to know
their expectations for the living conditions and services provided by urban civil infrastruc-
ture systems.

The Delphi method was adopted for the smart city research project in Lima. This is a
well-established collaborative research method that allows for the reflection of the partic-
ipants as they respond to inquiries posed by research experts [35]. In order to apply the
Delphi method to the smart city project in Lima, an expert panel should be assembled to
bring multiple perspectives on the areas of transportation, energy, housing, citizen engage-
ment, and sustainability, to name a few. Participants should be composed of experts but
also citizens who can provide opinions or judgments through surveys or questionnaires.
Table 3 describes examples of challenges already identified for the city of Lima.

Subsequently, the responses should be analyzed to prepare a report that can be dis-
tributed to urban planners, local authorities, and stakeholders who are involved in the
project initiatives. Feedback from the responses can be provided to the participants, and
the consultation stage can be repeated until a consensus is reached. Workshops, capacity-
building activities, and environmental education activities should be organized to foster
participation and awareness of the initiatives among citizens.

6.2. Sectorial Planning Approaches for a Sustainable Urban Infrastructure Future in Piura, Peru

The city of Piura, located in Northwestern Peru, is a central hub within the region,
where the primary income source comes from agriculture and fishing. The city of Piura
has been experiencing rapid urban growth, leading to a migration of people from rural
to urban areas since the 1970s. The urban expansion resulted in the loss of agricultural
land, a reduction in biodiversity, increased energy consumption, and air pollution from
heavy traffic. Moreover, due to its geographic location, particularly its proximity to the
riverbanks, and the presence of a blind water basin, the city center of Piura has become
highly susceptible to natural calamities such as heavy flooding.

Following a multidisciplinary survey and analyses aligned to the 5D model, Morgen-
stadt City Lab methodology developed strategies and roadmaps for sustainable urban de-
velopment in the city of Piura [59]. The analyses and proposed solutions incorporating
resilience and ecological goals alongside prospects for economic and social innovation are
described in the following sections.
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Table 3. Examples of proposed solutions for addressing Lima challenges from a 5D perspective.

Smart City Dimension

Challenge Proposed Activities

Environmental

Financial-economical

Political-governance

Social-people

Technological

e Identifying a suitable location to implement a
pilot project of camping, including the citizens
for programs such as planting.

Deforestation

° Initiating an interconnected approach where
both government and private sectors will
work together.

e  Entrepreneurs should be inspired to generate
new ideas for businesses and initiatives of
smart city.

Poverty eradication and
increasing productivity

e  Transforming conventional government to a
digital smart government by initiating IoT,
big data, etc.

e Initiating open information system where
citizens can see every initiative the
government.

Transparent
decision-making process

e  Explore a conceptual model from the

Implementing Smart Education perspective of complex systems

e  Collaborative education system focusing on
healthcare, transportation, citizen security,
energy, building management.

e Investigating a proposal for civic education
from a complexity approach

e  Proposing the application of building
information modeling (BIM) as a tool to
improve collaboration and communication

Adaptation of modern technology among stakeholders involved in urban

infrastructure design and management.

e  Proposing workshops for inspiring people for
adapting technological use and education.

6.2.1. City Lab Methodology

Cities worldwide need to manage and adapt to global climatic change and techno-
logical shifts. They are facing challenges in breaking up past conventional practices while
embracing the challenges. The City Lab of the Morgenstadt Global Smart Cities Initia-
tive (MGI), an approach developed by the Fraunhofer Society, seeks a comprehensive and
systematic understanding of how a city is functioning by implementing Morgentadt tools
using quantitative and qualitative methods that involve close collaboration with its stake-
holders, ranging from city council members and department heads to private companies,
research professors, and local government representatives [60]. An integrated roadmap
to achieve a smarter and more sustainable city is then proposed based on the findings of
the analyses. The framework of City Lab is structured around an ecosystem approach that
resembles the infrastructure management framework, although it is focused on three spe-
cific levels of analysis: governance, technologies and infrastructure, and socio-economic
strategy. The process of City Labs has proven that achieving “smart” urbanism involves a
holistic understanding of the complexity of urban systems in the implementation of high-
tech solutions.

Using performance indicators, a digital on-site assessment was conducted with key
stakeholders in Piura to gather data to identify the main challenges, opportunities, and
influential factors that impact the development of initiatives, projects, and programs de-
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ployed in the city. Data were gathered and analyzed using different methods such as in-
terviews, workshops, surveys, and content analysis, which are part of the Delphi method-
ological research approach.

The assessment of the data is a qualitative analysis of the essential fields of action
identified for Piura’s sustainable development. It shows the actions taken by the city to
address its own sustainability challenges. The action fields model analyzes seventeen es-
sential aspects of the urban environment, including education, ICT/data governance, trans-
port/mobility, regulations and incentives, municipal planning and strategy, buildings, ur-
ban planning, urban regeneration, resilience engineering, business tactics, water, green
and blue infrastructure, organization and structure, finance and procurements, solid waste
and resources, energy, and research and development tactics. Each of them is assessed
through three to five questions, which, in sum, are worth 10 points when answered affir-
matively. Therefore, if all questions are answered affirmatively, an action field receives
10 out of 10 points. However, if some questions are answered with a “no”, the total score
of the field of action is reduced. The result of the action field profile serves as the ba-
sis for developing a roadmap. The action fields are critical to inform the roadmap de-
velopment process as well as provide useful information to local experts, stakeholders,
and policymakers [61].

The analysis of the most critical fields of action are categorized into three clusters that
involve three major actions that are foreseen as critical to the sustainable urban develop-
ment and climate change resilience response of the city. These clusters are: (a) establishing
digital connections and tools to improve resource efficiency; (b) the utilization of unique
energy opportunities for a carbon-neutral city; and (c) the need to work on how to plan
and implement sustainable development initiatives already identified for the city of Piura.

A cross-integration of the city system analysis and sensitivity analysis, together with
discussions and workshops, has generated a total of 35 projectideas. From these 35 ideas, a
selection of 12 was made, as it is believed they can have a strong impact on the sustainable
development of Piura. The list of projects shows a mix of project ideas based on existing
initiatives in Piura as well as the information received during the on-site assessment inter-
views that incorporate features and proposals not discussed in Piura before.

Each of the proposed project ideas was evaluated using a project ranking tool based
on the 11 criteria. The criteria are:

Alignment with the city’s objectives

Stakeholder engagement

Replicability potential

Regulatory constraints

GHG mitigation potential

Climate change adaptation potential

Need for financial support from the public sector

Likelihood of obtaining public funding in support of the project
Interest in the participation of private sector financial support
Project approval risk

The extent of associated resettlement and rehabilitation issues

The objective of the analysis was to examine which project ideas have the greatest
potential to meet Piura’s needs. Each of the criteria is assigned a weighting, which indicates
the relevance of those criteria: high, medium, and low.

6.2.2. Sustainable Urban Measures for Piura

The City Lab provided an action-oriented roadmap after conducting a sustainable city
profile and a detailed analysis of specific urban sectors in Piura. The roadmap serves as
a guideline for executing innovative measures and projects that address greenhouse gas
(GHG) emissions, climate change adaptation, and the preservation of biological diversity,
in the context of smart city concepts [59].
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Figure 6 shows the strategic roadmap for the sustainable development of the city of
Piura. It shows the organization of the project ideas into three distinct categories based
on a timeframe for implementation: physical interventions, represented by oval-shaped
boxes; planning projects, represented by rectangular boxes; and currently developing city
projects, represented by diamond-shaped boxes. 12 projects from the first category have
been selected for urban development within the city of Piura. The proposed measures in-
tegrate ecological and resilience goals that are based on the concepts of smart and resilient
cities. They are related to three sectors: energy, water, and urban planning, since they
are seen as the most important for urban development in Piura, with governance as an
overarching field [59].

SHORT TERM MEDIUM TERM
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Figure 6. Strategic roadmap for sustainable development of Piura [61].

Some of the initiatives of the Morgenstadt Global Smart Cities Initiative (MGI) project
include the transformation of public places in Piura to sustainable recreational parks, more
urban gardens and pocket parks, the implementation of decentralized wastewater treat-
ment systems, open data, the optimization of agricultural irrigation systems, offering job
opportunities to the marginalized population, the implementation of smart technology in
public spaces, and refrigeration for the agro-industry [59].

These project initiatives will strengthen the evolution of a smart and sustainable city
over time by implementing strategies that consider a circular economy approach. In ad-
dition, a collaborative or mutual learning system should be established using education
and training tools. As part of the MGl initiative, several participatory workshops, capacity
building and environmental education programs, and some festivals have been organized
for Piura’s citizens, aimed at increasing their participation to build a sense of responsibility
while raising awareness of the practical benefits of the program for the commonwealth of
the community living in the city [62].

7. Discussion

For a people-centered design of a smart city, it is very important to incorporate an in-
frastructure humanistic approach that integrates the perception of citizens in the planning
and management of a city. Surveys and questionnaire methods using both Likert-type and
open-ended questions can help in this regard. Examples of questions that can be asked
about a smart city are:
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e  What are the major expectations of the citizens from the civil infrastructure systems
in their city?
How satisfied are the citizens with the services provided by the civil infrastructure systems?
What are the main city aspects that should be prioritized when developing infrastruc-
ture projects?
Should civil infrastructure project initiatives ensure public safety and security?
Are citizens comfortable using the new IT tools? Why or why not?

Survey responses can be complemented with smart city indexes. For example, two of
the most trending smart city indexes are the IMD-SUTD Smart City Index (SCI) and the
IESE Cities in Motion Index (CIMI). These two indexes evaluate the smartness of a city
based on the environment, sustainability, economy, governance, social cohesion, human
capital, public management, living standard, expert perception, and technology, which
cover the five dimensions of the humanistic model. There is also the Envision sustainability
rating system available, as described in a previous section of this paper.

Despite the many methods and indexes available for smart cities, Chai Keong Toh
stated in a study published in 2023 that: “Currently, there are not uniformly and univer-
sally accepted methods for comprehensive and fair evaluation of smart cities. This is a
problem as no ranking is widely accepted and universally agreed upon” [63]. This was the
conclusion of an in-depth investigation and analysis of smart city indexes, criteria, indica-
tors, and rankings. Hence, regarding the adoption of a smart city index for infrastructure
management, it is noted first that the criteria used by the existing smart city indexes can be
clustered using the 5D model, although the shortcoming is that none of these indexes can
be used directly for infrastructure management applications. For example, the Cities in Mo-
tion index uses nine criteria with 101 indicators: Human capital, social cohesion, economy,
urban planning, environment, international protection, and technology. Human and social
cohesion criteria correspond to the social dimension in the 5D model, economy criterion to
the financial and economic dimension, urban planning and international protection criteria
overlap with all five dimensions but in particular with the political-governance dimension,
environment criterion with the environmental dimension, and technology criterion with
the technological dimension. Another example is the smart city index, which has five crite-
ria: Activities, opportunities, health and safety, governance, and mobility. Here, activities
refer to the easiness of citizens to enjoy entertainment and relaxation, whereas opportuni-
ties refer to schooling and work opportunities. The activities criterion corresponds to the
social dimension in the 5D model; the opportunities criterion to the financial-economical
dimension; health and safety criteria overlap with environmental and technological; the
governance criterion with the political-governance dimension; and the mobility criterion
with the financial-economical, social, and technological dimensions.

There are smart city indexes already developed with criteria that fit into the 5D model;
however, infrastructure management requires condition assessment metrics based on field
inspections. For example, the Pavement Condition Index (PCI) is used by local govern-
ments to manage pavements for street networks. PCI ranges from 100 (excellent) to
0 (very poor), and it requires collecting surface distress data that are not considered in
any of the smart city indexes. The Metropolitan Transportation Commission (MTC) of
California has developed Condition Index Distress Identification Manuals for Flexible and
Rigid Pavements [64,65].

Therefore, the shortcomings of the existing smart city indexes depend on the difficulty
of translating their criteria into a practical index for infrastructure management practices
(e.g., percentage of urban population with adequate sanitation services, renewable water
resources, number of photos of the city uploaded online) and assessing their usefulness
in the planning and management decision-making process of civil infrastructure. In this
sense, the main challenge is to review and condense these criteria to merge them with
practical indicators used for infrastructure management.

It is worth mentioning that research studies have been conducted in the past to in-
corporate livability principles expressed in terms of connectivity, quality, proximity, and
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safety into a transportation management framework. For example, research conducted by
Chang proposed a weighted effectiveness ratio that is calculated with Equation (1) [66]:

WERLIV = 1000 x IMP_AS x IMP_LOC x 1/(RL_AT) x (1/EUAC) 1)

where:
IMPAS = asset importance index;
IMPLOC = location importance index;
RLAT = remaining life after treatment or construction;
EUAC = equivalent uniform annual cost, calculated as

UAC=COST_F x (f [(1+H)I ™M/ La+£HI"h )

where COST_F = COST_P x ((100 + £)/100)"

n = years of analysis, equals to RLAT or number of years from first analysis year to
year of treatment;

f = inflation rate (in %)

COSTF = future inflated costs (unit costs at analysis date);

COSTP = present costs (unit costs current at the first analysis year).

Projects are ranked from highest to lowest WERLIV, and the available budget is allo-
cated using the dynamic bubble-up technique DBU [67].

It is also possible to use selected criteria from existing smart city indexes to compose a
Smart City Infrastructure Priority Index (Smart-ICIPI). An example of how to incorporate
criteria from existing indexes is the development of the safety-weighted effectiveness ratio
(SWER) proposed by Chang to prioritize funding allocation in asset management practices
while integrating safety criteria for vulnerable road users (VRUs) [68]. VRUs are pedestri-
ans, bicyclists, and motorcyclists, and the SWER equation.

SWER =1000 x API x ALI x 1/EUAC x 1/(RL_AT) x VRUSI 3)

where:

API = asset priority index;

ALI = asset location index;

EUAC = equivalent uniform annual cost;

RLAT = remaining service life after treatment;

VRUSI = vulnerable road user safety index.

VRUSI is a metric to assess the safety conditions of road infrastructure for vulnera-
ble road users. VRUSI combines three existing specific indexes: (a) the pedestrian level
of comfort (PLOC), (b) the pedestrian level of traffic stress (PLTS), and (c) the pedestrian
intersection safety index (Ped ISI).

A similar approach can be used for the development of the Smart Infrastructure Con-
dition Investment Priority Index (Smart-ICIPI) using the 5D model combined with exist-
ing smart city and infrastructure management indexes or criteria selected from them. The
equation for this index should be a function of parameters representing the five dimensions
of smart cities and infrastructure conditions (see Equation (4)).

SmartICIPI = Function (E, Wg, F, Wg, P, W p, W, Ws, T, Wr, ICL, Wic) (4)

E: environmental dimension;

Wg: weight factor for the environmental dimension;
F: financial-economical dimension;

WE: weight factor for the financial dimension;

F: political-governance dimension;

Wp: weight factor for the political dimension;

S: social-people dimension;

Ws: weight factor for the social dimension;
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T: technological dimension;

Wr: weight factor for the technological dimension;

IC: infrastructure condition;

Wicr: weight factor the infrastructure condition.

Equation (4) represents a general, flexible approach that can be adapted according to
the indexes and practices that better fit the characteristics, management culture, and level
of maturity of the city. For the development of SmartICIPI, a weighted approach can be ap-
plied using quantitative and/or qualitative methods to determine the weights. For example,
weights can be determined using the Delphi method in combination with more sophisti-
cated techniques such as fair division methods. Fair division methods have been used to
solve the problem of dividing goods among several participants. Fair division methods
make allocations based on proportionality and envy-freeness. Envy-free methods strive
to distribute the resources based on the participants’ preferences; the aim is to assign re-
sources to the participant who shows more desire for that resource. Envy-free methods are
applied to a variety of divisible and indivisible resources, including transportation fund-
ing allocation problems. Chang et al. developed a fair division transportation allocation
model (FDTAM) to allocate transportation funds fairly according to individual preferences
to prioritize the projects requested for funding; using the own criteria of the participants
to set the priorities [69].

It is well recognized by the authors that further research is needed to prepare a step-
by-step procedure specifically focused on techniques for the development of smart city
indexes for infrastructure management applications.

From a practical perspective, it is observed that the case studies for Lima and Piura in
Peru agree with the infrastructure management humanistic approach and 5D conceptual
model of smart cities described in this paper.

Table 4 shows the relationship between urban variables and components of the
Metropolitan Lima Plan and the 5D smart city model. All urban variables in the Metropoli-
tan Lima Plan are encompassed in the 5D model.

Within the framework of PLANMET 2040 for Metropolitan Lima, projects prioritized
for smart city implementation can be incorporated into the 5D model of a smart city. Table 5
shows the criteria and relationship of PLANMET 2040 with the 5D model.

In the case of the city of Piura, every proposed initiative was evaluated using a project-
customized ranking tool with 11 criteria. Table 6 shows the relationship between these
criteria and the 5D smart city model. The comparison indicates that the project ranking
tool mainly focuses on the social-people and political-governance dimensions.
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Table 4. Relationship of the Metropolitan Lima Plan and the 5D smart city model (adapted from [58]).

5D Model
LIMA LIMA PLANMET 20240 Political
PLANMET 2040 Variable Environmental Social People Technological
Governance
Component
) Concentration of opportunities for labors
Demographic Strengthening of capabilities v
) High informality of urban activities
Productlye Urban areas central, intermediate, and peripherals
economic with urban potentials
Integration and number of fragile ecosystems and
Environment and open spaces
l.'iSk of Metropolitan environmental management system,
disasters deficient and ineffective.
Housing Housing demand v
Deficit and territorial imbalance of metropolitan
Metropolitan facilities or amenities facilities or amenities, with a high level v v
of vulnerability.
Ecological infrastructure system (hills, valleys,
Open spaces and ecological infrastructure waterfront, others)
Deficit in infrastructure and coverage of
Urban infrastructure and services urban services. v v
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Table 4. Cont.
5D Model
LIMA LIMA PLANMET 20240 : : iti
PLANMET 2040 Variable Environmental Financial Political Social People Technological
Economy Governance
Component
. e Inadequate metropolitan and interregional
Urban mobility passenger and freight mobility system. v v
Immovable cultural heritage and ° Weak presence of state institutions for the
cultural landscape preservation of ancient heritage in the city. v v

° Functionality of the territory, land use, and its
mixture, concentration, diversity, and dynamism of
urban activities.

° Generation and urban regeneration, modern and
dynamic areas, attractive for the development of

Urban land use and management activities, companies, and businesses. v v v v

. Accelerated urban expansion through the growth of
informal and irregular urban settlements in
high-risk areas with natural, anthropogenic, and
biological hazards.

° Inadequate governance, coordination, and
participation among the metropolitan government,
district governments, surrounding regional

Governance and metropolitan governance governments, and other levels of government, as v v

well as civil society actors.
e Inefficient public investment without a monitoring
system and data and goal updates.
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Table 5. Comparative analysis of PLANMET 2040 criteria and the 5D smart city model.

5D Model

Criteria . Financial
Environmental
Economy

Political Social

Governance People Technological

Application of Information and communication technologies
(ICT) to provide the citizens with infrastructure with a guarantee
of sustainable development and improvement of the quality of
life of citizens
Improvement and articulation of the existing metropolitan
baseline data to improve the decision-making process in
territorial planning (public space, easement areas, etc.)
Promoting water and energy consumption v
Improving human capital by fostering development, attraction,
and nurturing talent
Promoting the Electronic Government of Metropolis with the
adequate implementation of ICTs.
Implementation of the Smart City Master Plan in Metropolitan
Lima grants a budget of 560,000.00 as a source of financing v
self-sustainable public—private partnership.
Strategic objective of ensuring the safety of road users and
reducing the impact of accidents, missions, and congestion on v v
human life and traffic

v v
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Table 6. Comparative analysis of Piura project criteria and the 5D smart city model.

o 5D Model
Criteria
Environmental Financial Political Social Technological
Economy Governance People

1. Alignment with the city’s objectives: defines whether the
project idea is aligned with the city’s strategy, allowing for the v v v
assurance of political, institutional, and financial support
2. Stakeholder engagement: indicates the extent to which
stakeholders showed interest in the project idea, based on on-site v v
interactions (interviews, workshops, meetings).
3. Replicability potential: indicates whether the proposed
measure has the potential for replication in other cities, at the
state and/or national level, as well as knowledge transfer to a v v
wider audience of stakeholders beyond MGI project partners
and stakeholders.
4. Regulatory constraints: helps determine whether local
regulations could pose a significant risk to v v
project implementation.
5. GHG mitigation potential: signifies the MGI project KPIs;
project ideas must meet the predetermined GHG mitigation v v
potential through 2030.
6. Climate change adaptation potential: means the MGI project
KPIs; project ideas must meet the specific climate change v v
adaptation indicators.
7. Need for financial support from the public sector. v v v
8. Likelihood of obtaining public funding in support of
the project.
9. Interest in the participation of private sector financial support. v v v
10. Project approval risk: indicates the complexity of the project
approval process through various levels of government agencies,

AN
\
<\

which poses a significant risk to the successful and timely v v
implementation of the project.
11. The extent of associated resettlement and rehabilitation issues. v v
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In the case of Piura, the proposed initiatives were evaluated through the involvement
of stakeholders, including government officials, private companies, non-government orga-
nization representatives, and citizens. Workshops and festivals were organized to promote
citizen involvement, which is the focus of the social-people dimension in the infrastruc-
ture management humanistic approach for a smart city. The integrated roadmap with the
proposed measures includes ecological and resilience goals in three main sectors: energy,
water, and urban planning.

Regarding the European city development approach, some common areas identified as
key components in the infrastructure management humanistic approach for smart cities are:

e  Ashared vision and long-term action plan for a city should be established through the
collaboration and participation of the citizens and local authorities from municipalities.

e  Leadership should be promoted, and the mayor of the city should be the main advo-
cate to establish an organization with execution capacity and incorporate a transversal
vision for project development and implementation.

e  Sustainable business models should be developed with returns for all agents involved
in the process. In order to promote financing models and ensure the sustainability of
the process, it is necessary to involve the private sector and utilize their skills, knowl-
edge, and resources to generate new business models.

e A new management model and strategies should be introduced to build a strong rela-
tionship between the local government and companies in the context of a legal frame-
work that promotes private investments.

e Anopen, standard, and interoperable technological virtual tool should be adopted to
support an open system communication platform for interaction and feedback.

While making sure that citizens and government sectors have full access to the open
data system, privacy and security should also be ensured. In smart cities, data breaches
and cyberattacks are common and pose a direct threat to the personal and private data of
citizens. Implementing security methods such as data encryption, multi-factor authentica-
tion, and IoT device security is recommended in addition to regulations such as the General
Data Protection Regulation (GDPR). The security and privacy of citizens and governments
must be enforced for smart cities to be sustainable.

It is the belief of the authors that the infrastructure management humanistic approach
described in this paper is only possible with effective communication among local author-
ities and citizens to synchronize goals and policies with practical solutions to increasing
infrastructure needs. It could be argued that this is unfeasible in practice due to the multi-
ple dimensions that are constantly evolving in a smart city. This is partially true since it is
correct to affirm that research hypotheses and variables identified in a study may change
in the future and the solutions may no longer apply because of new decision contexts.

As a response to this potential criticism, the infrastructure management framework
contemplates a dynamic interaction that should continuously capture changes in the five
dimensions and proactively anticipate problems. A question arises about how this frame-
work can be adapted to different contexts and new challenges. The answer requires a
review of the five dimensions of a smart city as proposed in this paper. Technology has
evolved enough to support a virtual platform to sustain the communication needs and
support the timely interaction of the participants while addressing the technological di-
mension of smart cities. Public awareness of environmental concerns has increased while
laws, regulations, and engineering solutions seek to cover the environmental dimension.
It is also noted that the financial-economic dimension is closely related to the social dimen-
sion since funding is required to implement solutions that will affect citizens directly. It
is worth remembering that the word economics “comes from the Greek oikonomia (oikos,
house, and nomos, law or rule)” [70], and economics is about how to manage the avail-
able resources to fulfill the needs of all the people. The political-governance dimension
is challenging by its own nature, although it is implied that the ultimate goal of the poli-
cies, regulations, and government practices should be to satisfy the needs of the people.
Hence, addressing the social dimension of smart cities remains the main challenge that
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must be solved when facing infrastructure problems. According to the authors, education
plays a major role in overcoming this challenge because, without an educated society, com-
munication with tolerance and respect becomes more difficult, limiting the development,
evolution, and sustainability of a smart city.

Finally, the level of smartness of a city is contingent upon political aspects and sys-
tems that digitally assist in the management of the civil infrastructure systems in a city
with the integration of public opinion in the project selection and funding allocation pro-
cesses. Smart city governance approaches should focus on the development of an intercon-
necting communication system to integrate internal government processes with external
organizations in the private sector, academia, and general civil society towards building a
community-led innovation knowledge network of practice. Local authorities should pro-
mote policies to transform traditional government management practices into a new proac-
tive organizational structure that includes smart digital governance services as part of the
implementation of the infrastructure management framework described in this paper for
smart cities.

8. Conclusions

In the context of the UN Sustainable Development Goals, the infrastructure manage-
ment framework with the 5D smart city conceptual model can be applied to contribute to
the development, evolution, and sustainability of smart cities. It is concluded that the main
research problem of managing smart cities by using traditional approaches without a holis-
tic infrastructure management vision has been addressed in this research. The research ob-
jective of developing an infrastructure management humanistic framework aligned with
an integrated multi-dimensional smart city model that emphasizes the role of education
was achieved as a result of the blending of qualitative and quantitative research methodolo-
gies used to answer the research question. This is a people-centered approach that focuses
on the preservation of urban civil infrastructure to enhance the quality of life of the citizens.

The research results are significant since the infrastructure management framework
should contribute to expanding knowledge in the academic field for smart city applications.
It should also result in a comprehensive set of benefits for the citizens living in a smart
city since the ultimate goal is to fulfill the needs of all the citizens while respecting their
cultural heritage and promoting socio-economic equity. A summary of the main results of
the research follows:

e  Apeople-centered governance approach with an effective infrastructure management
proactive approach is necessary for the success of smart city project initiatives. The
integration of the citizens’ perspective to build a shared vision together with local au-
thorities should be followed by a proactive leadership attitude and business-oriented
policies to promote the cooperation of the public and private sectors for the develop-
ment of civil infrastructure facilities that will contribute to the evolution and sustain-
ability of a smart city.

e  The level of maturity of a smart city should be evaluated through the five dimen-
sions model (5D): (1) environmental, (2) financial-economic, (3) political-governance,
(4) social-people, and (5) technological. These five dimensions are the main compo-
nents of the smart city conceptual approach presented in this paper as part of the
infrastructure management framework.

e  Different tools and methods, such as the Delphi method, can help enhance citizen and ex-
pert collaboration to develop and evaluate proposed smart city infrastructure initiatives.

e To motivate citizen involvement in the planning and management of smart city ini-
tiatives, mobile apps such as the “Smart Nation App” adopted by the Singapore gov-
ernment are recommended for accessing project infrastructure-related data to ensure
public interaction and transparency of the decision-making process.

e  Virtual tools such as Mega City 2070 could be used to visualize project initiatives that
will lead to green and sustainable civil infrastructure solutions. Nature-based solu-




Infrastructures 2023, 8, 127

32 of 35

110Jtod13JAugustt2022]
ICG 5™ International Conference on
Transportation Infrastructure

tions to infrastructure problems are recommended to create a smart and green envi-
ronment with responsible energy consumption.

e An effective infrastructure management framework is mandatory for project selec-
tion and budget allocation to develop and implement short- and long-term smart city
plans. Building information modeling-city information modeling (BIM-CIM), digital
twin, GIS, and smart IoT devices can be applied to transform conventional infrastruc-
ture management approaches into digital governance platforms that allow public par-
ticipation in the management process.

e A smart collaborative education approach will prepare citizens not only to provide
innovative ideas but also to make the best use of them. With the advancement of
technology, a city could offer infrastructure facilities to arrange a combination of live
and virtual workshops, seminars, and festivals where people can attend and learn
about the environment and novel technological initiatives.

As a final conclusion, it is envisioned that an infrastructure management humanistic
approach for smart cities should have a positive impact on encompassing urban project
initiatives worldwide. Adopting the infrastructure management framework with the 5D
smart city model will contribute to well-informed decisions due to the participation of citi-
zens and local authorities. This approach should also aid local governments in improving
their planning and management processes and promote the collaboration of the private
sector, academia, and citizens.

Research limitations are related to the nature of the problem itself due to the complex-
ity and dynamic interaction among the five smart city dimensions and their integration
into infrastructure management practices. Therefore, future research should focus on de-
veloping analytical methods and practical tools to analyze these complex interactions and
quantify the effects of civil infrastructure initiatives on the socio-economic development of
smart cities using a performance-based metric approach supported by technology that fos-
ters human communication with tolerance and respect in an inclusive living community.

Author Contributions: C.M.C. conceptualization, methodology, analysis and interpretation, writ-
ing, discussion, supervision, review, and editing of original draft preparation; G.T.S. case study of
Lima, Peru, Delphi method; T.S.G. main contributor of the role of education section; M.A.V.C. main
contributor of the role of technology and case study of Lima, Peru and review of the original draft;
S.S. main contributor for the case study in Piura, Peru; S.L.M. literature review, analysis, writing,
and draft preparation. All authors have read and agreed to the published version of the manuscript.

Funding: The work presented in this paper was supported by the Universidad Ricardo Palma in
Lima, Peru as part of the research project titled: “Smart Cities, Sustainable and Resilient”. The case
study in Piura, Pert was conducted in collaboration with the Universidad de Piura as part of the Mor-
genstadt Global Smart Cities Initiative (MGI) project funded by the International Climate Initiative
(IKT) of the German Federal Ministry for Economic Affairs and Climate Action (BMWK). Partners of
the project: University of Stuttgart, Fraunhofer IAO, University of Piura, Municipalidad Provincial
de Piura.

Data Availability Statement: All data generated or analyzed during this study are included in this
published article.

Acknowledgments: The authors would like to acknowledge the support of Ivan Rodriguez Chavez,
President of the Universidad Ricardo Palma, for the research project titled “Sustainable and Resilient
Smart Cities”. In addition, our special appreciation goes to the International Society for Maintenance
and Rehabilitation of Transport Infrastructures (iSMARTI) and the Instituto de Construccién y Geren-
cia (ICG) for hosting the 5th International Conference on Transportation Infrastructures in August
2022 (V ICTI) in Lima, Peru. The presentations delivered at V ICTL: “Planning and Development of
Smart Cities Using BIM Tools: An Integrated Management Approach” and “Education, Sustainabil-
ity, and Development of Smart Cities” were the main references in the preparation of this paper.

Conflicts of Interest: The authors declare no conflict of interest.




Infrastructures 2023, 8, 127 33 of 35

References

1.  Webster, M. Merriam Webster’s Collegiate Dictionary. 2023. Available online: https://www.merriam-webster.com/dictionary/i
nfrastructure (accessed on 23 June 2023).

2. Uddin, W.; Hudson, W.R.; Haas, R.C.G. Public Infrastructure Asset Management, 2nd ed.; McGraw Hill: New York, NY, USA, 2013.

3. WhatIs a Smart City? —Definition and Examples. TWI. Available online: https://www.twi-global.com/technical-knowledge/faq
s/what-is-a-smart-city#SmartCityDefinition (accessed on 14 June 2023).

4. United Nations. Department of Economic and Social Affairs (UN DESA). 2018. Available online: https://www.un.org/develop
ment/desa/en/news/population/2018-revision-of-world-urbanization-prospects.html (accessed on 23 June 2023).

5. United Nations. Department of Economic and Social Affairs, Sustainable Development. The Sustainable Development Goals Report.
2022. Available online: https://unstats.un.org/sdgs/report/2022/ (accessed on 23 June 2023).

6. NAE Grand Challenges for Engineering. National Academy of Engineering (NAE), National Academies. Available online:
https://www.nae.edu/20782/grand-challenges-project (accessed on 23 June 2023).

7. Alderete, M.V. Exploring the Smart City Indexes and the Role of Macro Factors for Measuring Cities Smartness. Soc. Indic. Res.
2019, 147, 567-589. [CrossRef]

8. Pierce, P.; Ricciardi, F.; Zardini, A. Smart Cities as Organizational Fields: A Framework for Mapping Sustainability-Enabling
Configurations. Sustainability 2017, 9, 1506. [CrossRef]

9.  Wikipedia. Peru. Available online: https://en.wikipedia.org/wiki/Peru (accessed on 7 July 2023).

10. Rabari, C.; Storper, M. The digital skin of cities: Urban theory and research in the age of the sensored and metered city, ubiquitous
computing and big data. Camb. ]. Reg. Econ. Soc. 2015, 8, 27-42. [CrossRef]

11.  Ersoy, A. Smart cities as a mechanism towards a broader understanding of infrastructure interdependencies. Reg. Stud. Reg. Sci.
2017, 4, 26-31. [CrossRef]

12.  Singapore: The World’s Smartest City, THALES. Building a Future We All Can Trust. 2023. Available online: https://www.thalesgr
oup.com/en/worldwide-digital-identity-and-security/iot/magazine/singapore-worlds-smartest-citys (accessed on 14 June 2023).

13. Heath-Carpentier, A. The Challenge of Complexity: Essays by Edgar Morin; Sussex Academic Press: East Sussex, UK, 2022.

14. Smart Cities. The Digital Transformation of Cities; PwC Public Sector Innovation Center: New York, NY, USA; IE Business School:
Madrid, Spain, 2015.

15. Al-Hader, M.; Mahmud, A.R.; Sharif, A.R.; Ahmad, N. SOA of Smart City Geospatial Management. In Proceedings of the EMS
2009 —Third UKSim European Symposium on Computer Modeling and Simulation, Athens, Greece, 25-27 November 2009.

16. Chen, T.; Gil-Garcia, ].R.; Gasco-Hernandez, M. Understanding social sustainability for smart cities: The importance of inclusion,
equity, and citizen participation as both inputs and long-term outcomes. . Smart Cities Soc. 2022, 1, 135-148. [CrossRef]

17. Baraniewicz-Kotasinska, S. Smart city. Four approaches to the concept of understanding. Urban Res. Pract. 2020, 15, 397-420.
[CrossRef]

18. Fukuda, S. Emotion: A Gateway to Wisdom Engineering. In Emotional Engineering, 1st ed.; Springer: New York, NY, USA, 2010;
Volume 8.

19. Santinha, G.; de Castro, E.A. Creating More Intelligent Cities: The Role of ICT in Promoting Territorial Governance. |. Urban
Technol. 2010, 17, 77-98. [CrossRef]

20. Which Cities Are Smart Cities? 5 Examples of Smart Cities around the World, NEC. 2022. Available online: https://www.
nec.co.nz/market-leadership/publications-media/which-cities-are-smart-cities-5-examples-of-smart-cities-around- the-world/
(accessed on 14 June 2023).

21. ISO 37101; Sustainable Development in Communities—Management System for Sustainable Development—Requirements with
Guidance for Use. ISO: Geneva, Switzerland, 2016.

22.  ISO 37120; Sustainable Development of Communities: Indicators for City Services and Quality of Life. ISO: Geneva, Switzerland, 2014.

23. ISO 37122; Sustainable Cities and Communities—Indicators for Smart Cities. ISO: Geneva, Switzerland, 2019.

24. ISO 37123; Sustainable Cities and Communities—Indicators for Resilient Cities. ISO: Geneva, Switzerland, 2019.

25. Guo, H;; Gao, S.; Li, J.Y.; Xue, H.N. A conceptual framework for smart city international standards. In Proceedings of the 18th
International Conference on Electronic Business, Guilin, China, 2—6 December 2018.

26. Praharaj, S.; Han, ].H.; Hawken, S. Towards the Right Model of Smart City Governance in India. Int. ]. Sustain. Dev. Plan. 2018,
13, 171-186. [CrossRef]

27.  The Copenhagen Wheel. 2019. Available online: http://senseable.mit.edu/copenhagenwheel/index.html (accessed on 14 June 2023).

28. Smart Cities in Norway Enhance Quality of Life and Reduce Emissions. Business Norway. 2023. Available online:
https://businessnorway.com/articles/smart-cities-in-norway-enhance-quality-of-life-and-reduce-emisions?gclid=CjwKCAj
wtcCVBhAOEiwAT1£Y720z6U1016ZwDkbPo3WwKuoX-Plxnjly66aCISuLS81UZWNcKTOs5x0Cg8IQAvVD_BwE (accessed on
14 June 2023).

29. Wray, S. Why Zurich Comes Top in the Latest Smart City Ranking. Cities Today, Connecting the World’s Urban Leaders. 2023.
Available online: https://cities-today.com/why-zurich-comes-top-in-the-latest-smart-city-ranking/ (accessed on 23 June 2023).

30. Funk, K.; Deininger, N. Five Innovative Examples of Smart Cities in the U.S. Bipartisan Policy Center. 2018. Available online:
https://bipartisanpolicy.org/blog/five-innovative-examples-of-smart-cities-in-the-u-s/ (accessed on 14 June 2023).

31. Centre for Cities. Smart Cities: What Does it Mean to Be a Smart City — And How Are Cities Making it Happen? 2014. Available

online: https://www.centreforcities.org/publication/smart-cities/ (accessed on 14 June 2023).

110JtoX1:3TAugust2022] e B
ICG 5t International Conference on
Transportation Infrastructure R



https://www.merriam-webster.com/dictionary/infrastructure
https://www.merriam-webster.com/dictionary/infrastructure
https://www.twi-global.com/technical-knowledge/faqs/what-is-a-smart-city#SmartCityDefinition
https://www.twi-global.com/technical-knowledge/faqs/what-is-a-smart-city#SmartCityDefinition
https://www.un.org/development/desa/en/news/population/2018-revision-of-world-urbanization-prospects.html
https://www.un.org/development/desa/en/news/population/2018-revision-of-world-urbanization-prospects.html
https://unstats.un.org/sdgs/report/2022/
https://www.nae.edu/20782/grand-challenges-project
https://doi.org/10.1007/s11205-019-02168-y
https://doi.org/10.3390/su9091506
https://en.wikipedia.org/wiki/Peru
https://doi.org/10.1093/cjres/rsu021
https://doi.org/10.1080/21681376.2017.1281154
https://www.thalesgroup.com/en/worldwide-digital-identity-and-security/iot/magazine/singapore-worlds-smartest-citys
https://www.thalesgroup.com/en/worldwide-digital-identity-and-security/iot/magazine/singapore-worlds-smartest-citys
https://doi.org/10.3233/SCS-210123
https://doi.org/10.1080/17535069.2020.1818817
https://doi.org/10.1080/10630732.2010.515088
https://www.nec.co.nz/market-leadership/publications-media/which-cities-are-smart-cities-5-examples-of-smart-cities-around-the-world/
https://www.nec.co.nz/market-leadership/publications-media/which-cities-are-smart-cities-5-examples-of-smart-cities-around-the-world/
https://doi.org/10.2495/SDP-V13-N2-171-186
http://senseable.mit.edu/copenhagenwheel/index.html
https://businessnorway.com/articles/smart-cities-in-norway-enhance-quality-of-life-and-reduce-emisions?gclid=CjwKCAjwtcCVBhA0EiwAT1fY72Oz6U10I6ZwDkbPo3WwKuoX-PlxnjIy66aClSuLS81UZWNcKTOs5xoCg8IQAvD_BwE
https://businessnorway.com/articles/smart-cities-in-norway-enhance-quality-of-life-and-reduce-emisions?gclid=CjwKCAjwtcCVBhA0EiwAT1fY72Oz6U10I6ZwDkbPo3WwKuoX-PlxnjIy66aClSuLS81UZWNcKTOs5xoCg8IQAvD_BwE
https://cities-today.com/why-zurich-comes-top-in-the-latest-smart-city-ranking/
https://bipartisanpolicy.org/blog/five-innovative-examples-of-smart-cities-in-the-u-s/
https://www.centreforcities.org/publication/smart-cities/

Infrastructures 2023, 8, 127 34 of 35

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Chang, C.M,; Salinas-Gamero, T.; Vélez-Canchanya, M.; Tejada-Salinas, G. Sustainable Development of Smart Cities Based on
Information Technology and Education. Int. ]. Nat. Disasters Accid. Civ. Infrastruct. 2023. in process of publication.

United Nations Environment Programme. The Economics of Nature-Based Solutions: Current Status and Future Priorities; United
Nations Environment Programme Nairobi: Nairobi, Kenya, 2020.

Lindt, ].W. Future world vision: Mega city. . Struct. Eng. 2022, 148, 01822001. [CrossRef]

United States Department of Transportation (USDOT). Asset Management Primer; Federal Highway Administration: Washington,
DC, USA, 1999. Available online: https://rosap.ntl.bts.gov/view/dot/14383 (accessed on 23 June 2023).

Waua, Y.J.; Chen, ]. A structured method for smart city project selection. Int. ]. Inf. Manag. 2021, 56, 101981. [CrossRef]

Preble, ].F. Public sector use of the Delphi technique. Technol. Forecast. Soc. Chang. 1983, 23, 75-88. [CrossRef]

Barrett, D.; Heale, R. What are Delphi studies? Evid. Based Nurs. 2020, 23, 68-69. [CrossRef] [PubMed]

Sekayi, D.; Kennedy, A. Qualitative Delphi Method: A Four Round Process with a Worked Example. Qual. Rep. 2017, 22,
2755-2763. [CrossRef]

Keeny, S.; Hasson, F.; McKenna, H. The Delphi Technique in Nursing and Health Research; Wiley-Blackwell: West Sussex, UK, 2011;
ISBN 978-1-405-18754.

Envision Sustainability. Envision: The Blueprint for Sustainable Infrastructure. Available online: http://www.sustainableinfra
structure.org (accessed on 23 June 2023).

Rahat, R.; Ferrer, V.; Pradhananga, P.; ElZomor, M. Developing an effective front-end planning framework for sustainable in-
frastructure projects. Int. ]. Constr. Manag. 2022. [CrossRef]

ISI 2018; Envision: Sustainable Infrastructure Framework Guidance Manual. Institute for Sustainable Infrastructure: Washing-
ton, DC, USA, 2018.

Lu, X.; Gu, D.; Xu, Z.; Xiong, C.; Tian, Y. CIM-Powered Multi-Hazard Simulation Framework Covering both Individual Buildings
and Urban Areas. Sustainability 2020, 12, 5059. [CrossRef]

Triantafilou, J. The Role of Digital Twins in Smart Cities. Esri Canada. 2021. Available online: https://resources.esri.ca/news-a
nd-updates/the-role-digital-twins-in-smart-cities (accessed on 14 June 2023).

ESRI. Three Steps to Prioritize Infrastructure Investment with GIS, The Science of Where; ESRI: Redlands, CA, USA, 2018.

Dong, L.E. 4 Commonly Used Smart City Technologies. Earth.Org. 2023. Available online: https://earth.org/smart-city-technol
ogies/ (accessed on 14 June 2023).

Elmaghraby, A.S.; Losavio, M.M. Cyber security challenges in Smart Cities: Safety, security and privacy. J. Adv. Res. 2014, 5,
491-497, PMCID:PMC4294750. [CrossRef] [PubMed]

What Are the Cybersecurity Risks for Smart Cities? The Institute for Defense and Business (IDB). Available online: https://www.id
b.org/what-are-the-cybersecurity-risks-for-smart-cities/ (accessed on 6 August 2023).

Krichen, M.; Roobaea, A. A New Model-based Framework for Testing Security of IoT Systems in Smart Cities using Attack Trees
and Price Timed Automata. In Proceedings of the International Conference on Evaluation of Novel Approaches to Software
Engineering, Heraklion, Greece, 4-5 May 2019.

Tabernero Del Rio, S.M. NATORP, Pablo: «Pedagogia social Teoria de la educacion de la voluntad sobre la base de la comunidad».
Madrid: Biblioteca Nueva, 2001, edicién y estudio introductorio de Conrad Vilanou Torrano. Hist. De La Educ. 2013, 20, 575-576.
Schugurensky, D. Social pedagogy and critical theory: A conversation with Hans Thiersch. Int. J. Soc. Pedagog. 2014, 3, 4-14.
[CrossRef]

Moss, P.; Petrie, P. Education and social pedagogy: What relationship? Lond. Rev. Educ. 2019, 17, 393-405. [CrossRef]

Salinas, T.; Tejada, M.; Encinas, ].J.; Garibay, I. Policy Guidelines to Face COVID-19 in Peru: A Complex Systems Perspective. J.
Policy Complex Syst. 2021, 7, 1. Available online: https://policyandcomplexsystems.files.wordpress.com/2021/09/policy-guideli
nes-to-face-covid-19-in-peru.pdf (accessed on 14 June 2023).

Salinas, T. Sustainability Learning Based on an Andean Amazonian Worldview. In Learning Contributions of Regional Centres of
Expertise on Education for Sustainable Development. Part 1I: Education as Transformation; Fadeeva, Z., Galkute, L., Chhokar, K., Eds.;
Academia and Communities: Engaging for change; United Nations University: Tokyo, Japan, 2018; pp. 157-173.

Maturana, H. Transformation in Coexistence; Ediciones Granica: Buenos Aires, Argentina, 2014.

Jurado Nacional de Elecciones. Ranking de Los Problemas de Lima. In Plan de Gobierno— Peru Libertario; Jurado Nacional de
Elecciones: Lima, Peru, 2018.

The Metropolitan Development Plan of Lima 2021-2040, PLANMET2040. Municipality of Lima, Ministry of Housing, Construc-
tion and Sanitation. Lima, Peru. 2022. Available online: https://www.imp.gob.pe/es/menu-navegacion/planificacion/desarrollo
-metropolitano/plan-met-2040.html (accessed on 14 June 2023).

Fernandez, T.; Schroeder, S. Global approach—Local solutions: Sectorial planning approaches for a sustainable urban future in
Piura, Peru. In The Evolving Scholar |IFol, 14th ed.; TU Delft OPEN: Delft, The Netherlands, 2021.

City Labs. Fraunhofer-Gesellschaft|Morgenstadt—City of The Future. Available online: https://www.morgenstadt.de/en/proj
ekte/city_labs.html (accessed on 23 June 2023).

oliol3Thugusit2022
ICG 5t International Conference on
Transportation Infrastructure R



https://doi.org/10.1061/(ASCE)ST.1943-541X.0003414
https://rosap.ntl.bts.gov/view/dot/14383
https://doi.org/10.1016/j.ijinfomgt.2019.07.007
https://doi.org/10.1016/0040-1625(83)90072-0
https://doi.org/10.1136/ebnurs-2020-103303
https://www.ncbi.nlm.nih.gov/pubmed/32430290
https://doi.org/10.46743/2160-3715/2017.2974
http://www.sustainableinfrastructure.org
http://www.sustainableinfrastructure.org
https://doi.org/10.1080/15623599.2022.2105282
https://doi.org/10.3390/su12125059
https://resources.esri.ca/news-and-updates/the-role-digital-twins-in-smart-cities
https://resources.esri.ca/news-and-updates/the-role-digital-twins-in-smart-cities
https://earth.org/smart-city-technologies/
https://earth.org/smart-city-technologies/
https://doi.org/10.1016/j.jare.2014.02.006
https://www.ncbi.nlm.nih.gov/pubmed/25685517
https://www.idb.org/what-are-the-cybersecurity-risks-for-smart-cities/
https://www.idb.org/what-are-the-cybersecurity-risks-for-smart-cities/
https://doi.org/10.14324/111.444.ijsp.2014.v3.1.002
https://doi.org/10.18546/LRE.17.3.13
https://policyandcomplexsystems.files.wordpress.com/2021/09/policy-guidelines-to-face-covid-19-in-peru.pdf
https://policyandcomplexsystems.files.wordpress.com/2021/09/policy-guidelines-to-face-covid-19-in-peru.pdf
https://www.imp.gob.pe/es/menu-navegacion/planificacion/desarrollo-metropolitano/plan-met-2040.html
https://www.imp.gob.pe/es/menu-navegacion/planificacion/desarrollo-metropolitano/plan-met-2040.html
https://www.morgenstadt.de/en/projekte/city_labs.html
https://www.morgenstadt.de/en/projekte/city_labs.html

Infrastructures 2023, 8, 127 35 of 35

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Fernandez, T.; Schroeder, S.; Stoffler, S.; Eufracio Lucio, D.; Ordéfiez, J.A.; Mok, S.; Atarama, E.; Guillen, O.; Hernandez, G;
Villegas, J.; et al. Informe Completo del Perfil de la Ciudad City Lab Piura, Perti. 2021. Available online: https://cdn.www.go
b.pe/uploads/document/file/3159249/INFORME_COMPLETO_PERFIL_CIU-DAD_CITY_LAB_PIURA_PERU2022.pdf.pdf?v=1
653873304 (accessed on 20 August 2023).

Vaccari Paz, B.; Herndndez, G.; Mok, S.; Schroeder, S.; Fernandez, T. City Lab Piura: Climate Risk and Resilience Assessment
developed within the frame of the MGI Morgenstadt Global Smart Cities Initiative, Universidad de Piura. Piura, Peru. 2022.
Available online: https://publica.fraunhofer.de/bitstreams/a21b3744-el4d-4ea6-9627-3b7ad9a80dd8/download (accessed on 20
August 2023).

Toh, C.K. Smart City Indexes, Criteria, Indicators and Rankings: An In-Depth Investigation and Analysis. In The Institution of
Engineering and Technology (IET) Smart Cities; SAGE Publications, Inc.: Thousand Oaks, CA, USA, 2022. [CrossRef]
Metropolitan Transportation Commission (MTC). Pavement Condition Index Distress Identification Manual for Flexible Pavements,
4th ed.; Metropolitan Transportation Commission: Oakland, CA, USA, 2019.

Metropolitan Transportation Commission (MTC). Pavement Condition Index Distress Identification Manual for Rigid Pavements, 3rd
ed.; Metropolitan Transportation Commission: Oakland, CA, USA, 2019.

Vavrova, M.; Chang, C. Incorporating Livability into Transportation Asset Management Practices through Bikeway Quality
Networks. Transp. Res. Rec. |. Transp. Res. Board 2019, 2673, 407-414. [CrossRef]

Chang Albitres, C. Development of a Multi-Objective Strategic Management Approach to Improve Decisions for Pavement Man-
agement Practices in Local Agencies. Ph.D. Thesis, Texas A&M University, College Station, TX, USA, 2007.

Chang, C.M.; Vavrova, M.; Mahnaz, S.L. Integrating Vulnerable Road User Safety Criteria into Transportation Asset Manage-
ment to Prioritize Budget Allocation at the Network Level. Sustainability 2022, 14, 8317. [CrossRef]

Chang, C.M.; Montes, M.; Taboada, H.A.; Espiritu, ].F. Fair Division Transportation Allocation Model for Funding Prioritization.
J. Infrastruct. Syst. 2014, 21, 04014030. [CrossRef]

Kishtainy, N. A Little History of Economics; Yale University Press: New Haven, CT, USA, 2017.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

110JtoX1:3TAugust2022] e B
ICG 5t International Conference on
Transportation Infrastructure R



https://cdn.www.gob.pe/uploads/document/file/3159249/INFORME_COMPLETO_PERFIL_CIU-DAD_CITY_LAB_PIURA_PERU2022.pdf.pdf?v=1653873304
https://cdn.www.gob.pe/uploads/document/file/3159249/INFORME_COMPLETO_PERFIL_CIU-DAD_CITY_LAB_PIURA_PERU2022.pdf.pdf?v=1653873304
https://cdn.www.gob.pe/uploads/document/file/3159249/INFORME_COMPLETO_PERFIL_CIU-DAD_CITY_LAB_PIURA_PERU2022.pdf.pdf?v=1653873304
https://publica.fraunhofer.de/bitstreams/a21b3744-e14d-4ea6-9627-3b7ad9a80dd8/download
https://doi.org/10.1049/smc2.12036
https://doi.org/10.1177/0361198119840610
https://doi.org/10.3390/su14148317
https://doi.org/10.1061/(ASCE)IS.1943-555X.0000217

	Introduction 
	Research Motivation and Context 
	Research Problem 
	Research Objective 
	Research Significance and Relevance 
	Organization of the Paper 

	Research Methodology 
	Literature Review 
	Smart City Indexes 
	Examples of the Smart City Initiatives 

	Smart City Conceptual Model from an Infrastructure Management Perspective 
	Infrastructure Management Framework for a Smart City 
	Sustainability Rating System: EnvisionTM 
	Role of Technology in Smart Cities 
	Role of Education in Smart Cities 

	Case Study: Project to Develop Smart, Sustainable, and Resilient Cities in Peru 
	Approaches for a Smart and Sustainable Urban Future for Lima, Peru 
	PLANMET 2040: Lima, Peru 
	Expanding the Smart City Vision for Lima 
	Delphi Method 

	Sectorial Planning Approaches for a Sustainable Urban Infrastructure Future in Piura, Peru 
	City Lab Methodology 
	Sustainable Urban Measures for Piura 


	Discussion 
	Conclusions 
	References

