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RESUMO

Finger, J. R. (2024). Os planos diretores dos municipios lindeiros ao lago de Itaipu sob a otica
de cidades inteligentes e sustentdveis: uma analise com base nas NBR I1SO 37120 e 37122.
(Dissertacao de mestrado). Universidade Estadual do Oeste do Parana, Cascavel - PR, Brasil.

O objetivo deste estudo foi analisar as convergéncias existentes entre a NBR 1SO 37120 —
Indicadores para Cidades Sustentaveis — e a NBR I1SO 37122 — Indicadores para Cidades
Inteligentes — e os planos diretores dos municipios lindeiros ao Lago de Itaipu. Por meio de
uma pesquisa qualitativa, de natureza aplicada e analise documental, utilizando o software
IRAMUTEQ, procedeu-se a andlise de 14 Planos Diretores Municipais (PDM). A partir da
extracdo de termos-chave das NBR ISO 37120 e 37122, conduziu-se a pesquisa nos PDM, que
resultou na identificacdo de maior quantidade de termos-chave relacionados a NBR 1SO 37120
do que a NBR ISO 37122, indicando uma convergéncia maior com temas relacionados a
sustentabilidade e uma oportunidade de evolucdo em temas relacionados a inteligéncia. Dentre
0s municipios lindeiros ao Lago de Itaipu, Guaira e Terra Roxa foram 0s que apresentaram a
maior quantidade de termos-chave, o que pode indicar que esses municipios possuem um
alinhamento maior em relacdo aos temas das NBR ISO 37120 e 37122. Por meio da analise
gerada com o software IRAMUTEQ, foi possivel identificar as classes geradas pelo corpus
oriundo dos planos diretores localizados nos municipios lindeiros ao Lago de Itaipu. Essa
analise revelou cinco classes, que permitiram identificar o alinhamento dos planos diretores em
relacdo as orientacdes do Estatuto da Cidade. Ao analisar as classes geradas em relacdo as NBR
ISO 37120 e 37122, a classe 4, que foi renomeada como Infraestrutura e Servigos Publicos
Sustentaveis, apresentou a maior quantidade de temas relacionados, ao englobar dez temas:
energia, esgotos, residuos sélidos, transporte, economia, telecomunicacdes e inovacdo,
educacdo, esporte e cultura, populacédo e condicdes sociais, recreacao e saude. Dessa forma,
verifica-se que os PDM dos municipios lindeiros ao Lago de Itaipu contemplam termos
relacionados as NBR 1SO 37120 e 37122, mas que existem oportunidades para evolugédo e
ampliacdo. Com o intuito de apoiar os municipios, foi proposto um framework para elaboracao
e revisdo dos planos diretores, visando ampliar a quantidade de estratégias e ac@es relacionadas
a sustentabilidade e inteligéncia para tornar as cidades mais inteligentes e sustentaveis.

Palavras-chave: Cidade Inteligente e Sustentavel; Sustentabilidade Urbana; Planejamento
Urbano; Desenvolvimento Urbano Sustentavel; Plano Diretor.



ABSTRACT

Finger, J. R. (2024). The master plans of the municipalities bordering the Itaipu Lake from
the perspective of smart and sustainable cities: An analysis based on NBR 1SO 37120 and
37122. (Master’s dissertation). State University of Western Parana, Cascavel - PR, Brazil.

The objective of this study was to analyze the convergences between NBR I1SO 37120 —
Indicators for Sustainable Cities —and NBR 1SO 37122 — Indicators for Smart Cities — and the
master plans of the municipalities bordering the Itaipu Lake. Through a qualitative, applied
research with a documentary analysis approach and the use of the IRAMUTEQ software, 14
Municipal Master Plans (MMP) were analyzed. From the extraction of keywords from NBR
ISO 37120 and 37122, the research conducted in the MMPs revealed a greater number of
keywords related to NBR ISO 37120 than to NBR ISO 37122, indicating a stronger
convergence with sustainability-related themes and an opportunity for development in
intelligence-related themes. Among the municipalities bordering the Itaipu Lake, Guaira and
Terra Roxa exhibited the highest number of keywords, which may suggest that these
municipalities are more aligned with the themes of NBR ISO 37120 and 37122. Through the
analysis generated by IRAMUTEQ, it was possible to identify the classes derived from the
corpus of the master plans of the municipalities bordering the Itaipu Lake. This analysis
revealed five classes, which allowed the identification of the alignment of the master plans with
the guidelines of the City Statute. When analyzing the classes generated in relation to NBR I1SO
37120 and 37122, Class 4, renamed as Infrastructure and Sustainable Public Services, presented
the highest number of related themes, encompassing ten areas: energy, sewage, solid waste,
transportation, economy, telecommunications and innovation, education, sports and culture,
population and social conditions, recreation, and health. Thus, it can be observed that the MMPs
of the municipalities bordering the Itaipu Lake include terms related to NBR 1SO 37120 and
37122 but present opportunities for improvement and expansion. To support these
municipalities, a framework was proposed for the development and revision of master plans,
aiming to increase the number of strategies and actions related to sustainability and intelligence,
making the cities smarter and more sustainable.

Keywords: Smart and Sustainable City; Urban Sustainability; Urban Planning; Sustainable
Urban Development; Master Plan.
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1 INTRODUCTION

Initiatives involving Smart and Sustainable Cities (SSC) have gained prominence as an
alternative to help address current urban challenges (Bribi & Krogstie, 2017). With population
growth and the increasing number of people living in cities, the urbanization process has
become challenging for the cities of the future, their planners, policymakers, and other
professionals (Bribi, 2021).

According to the United Nations Department of Economic and Social Affairs,
Population Division (United Nations [UN], 2022), it is estimated that the world population will
reach 8.5 billion people by 2030 and 9.7 billion by 2050. Of this total, approximately 68% will
be concentrated in urban areas by 2050. Planning and adopting effective approaches to
minimize the economic, social, and environmental impacts resulting from urbanization and
population growth become necessary to guide and direct land use, urban environment, urban
infrastructure, ecosystems, and related human services, ensuring economic development,
quality of life for the population, and proper use of natural resources (Bayulken & Huisingh,
2015; Bribi & Krogstie, 2017; Choi & Song, 2023).

Urbanization has significantly evolved since the beginning of industrialization in the
19th century (Bayulken & Huisingh, 2015) and is considered an important social transformation
in human history (Bai, et al., 2016). However, alongside the urbanization process, there are a
variety of issues to address, such as adequate housing, increased crime and violence, social
inequalities, higher demand for natural resources like water and energy, rising greenhouse gas
emissions, changes in biodiversity, and natural habitats (Bribi & Krogstie, 2017; Li & Lin,
2015; Seto, et al., 2012).

Various global initiatives related to urban sustainability and sustainable development
have emerged over the years, aiming to provide improvements for the population and drive
sustainable city initiatives. In 2015, the United Nations (UN) released the 2030 Agenda, which
consists of a universal action plan composed of 17 goals and 169 targets, resulting from a global
participatory process of more than two years involving governments, civil society, private
sector, and research institutions. The 17 Goals are interconnected, balancing the three
dimensions of sustainable development: economic, social, and environmental, seeking to
promote actions that benefit people, the planet, and prosperity (UN, 2015). Among these goals

is Goal 11 — Sustainable Cities and Communities, which aims to make cities and human
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settlements inclusive, safe, resilient, and sustainable, and reinforces the role of cities in
sustainable development.

In 2017 and 2020, the Brazilian Association of Technical Standards (ABNT) published
the Brazilian Regulatory Standards (NBR) ISO 37120 and I1SO 37122, respectively, which
establish indicators to measure the performance of urban services and quality of life in cities.
These standards aim to guide the sustainable and intelligent development of cities with a focus
on resilience and the implementation of effective public policies (ABNT, 2020).

In addition to global initiatives, new concepts of cities have emerged to represent a more
sustainable and prosperous urban future, concepts that have been reinforced in political
discourse and the academic field. Among these concepts, the "Smart City" and the "Sustainable
City" are among the most prominent and enduring (Fu & Zhang, 2017). Another concept that
combines elements of both is the "Smart Sustainable City" (SSC) (Vukovic, et al., 2021), which
emphasizes that urban sustainability and intelligence should be considered simultaneously
(Huovila, et al., 2019).

According to lbrahim, El-Zaart & Adams (2018), SSCs are characterized as innovative
urban spaces that, through the implementation of Information and Communication
Technologies (ICTs), aim to enhance the quality of life for the population, optimize operational
efficiency, and improve the provision of urban services, all in line with sustainability principles.

The concept of SSC has been shaped in response to the global changes scenario, with
the intensification of urbanization and the rise of Information and Communication
Technologies (ICTs) (Bribi, 2021). Although there is no single consensus on the concept, it has
gained traction in academia and is becoming relevant for planners and policymakers in creating
and adopting public policies that combine sustainable and innovative aspects to meet the needs
of current and future generations.

In this context, an important instrument of urban development and expansion policy in
Brazil is the Municipal Master Plan (PDM), which is considered relevant in establishing
guidelines for the organization of urban and rural spaces in order to promote sustainable
development and ensure an improved quality of life for the population (Law No. 10.257, 2001).
The PDM is not mandatory for all municipalities, but among those for which it is mandatory
are those located in areas influenced by enterprises or activities with significant environmental
impact on a regional or national scale, such as the municipalities in Brazil that had part of their
areas flooded with the construction of the Itaipu Hydroelectric Power Plant. A total of 16
municipalities, known as the Municipalities bordering the Itaipu Lake, with 15 located in the

state of Parana and 1 in the state of Mato Grosso do Sul.
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The Itaipu Power Plant is jointly managed by Brazil and Paraguay, and as highlighted
in its 2022 Sustainability Report (Itaipu Binacional, 2022, p. 41):

Since the beginning of its operations, ITAIPU has worked together with public agencies

and civil society organizations to positively impact the region. In addition to the

payment of royalties, the company signs agreements and makes voluntary transfers to

improve the quality of life of the population, boosting the economic development of the

entire region, both directly and indirectly, through its own projects or in partnerships.

The royalties are a financial compensation passed on by Itaipu Binacional to the
Brazilian and Paraguayan governments for the use of the hydraulic potential of the Parana River
in the generation of electricity. In Brazil, this amount is distributed according to Law
13.661/2018, with 65% to municipalities, 25% to states and 10% to federal agencies. Of the
percentage of 65%, allocated to the municipalities, 85% of the amount transferred is distributed
proportionally to the bordering communities (Itaipu, 2024).

In 1990, the Council for the Development of the Municipalities bordering the Itaipu
Lake was founded, currently formed by the 16 municipalities bordering the Itaipu Lake, which
aims to promote the development of the region with the partnership of Itaipu Binacional
(Council for the Development of the Municipalities bordering the Itaipu Lake, 2024).

Among the various actions and projects developed by the Council and supported by
Itaipu Binacional, the action called "Sustainable Cities", started in 2012, with the objective of
propagating the Sustainable Cities Program, stands out. According to the Council (2024):

The practical actions are based on the 12 axes of the Sustainable Cities platform, which
list the following priorities: governance; common natural goods; equity, social justice
and a culture of peace; local management for sustainability; urban planning and design;
culture for sustainability; education for sustainability and quality of life; dynamic,
creative and sustainable local economy; responsible consumption and lifestyle choices;
better mobility, less traffic; local action for health, and from the local to the global.

This action, as well as others developed in the neighboring municipalities, demonstrate

the concern with the development of the region seeking to make the cities more sustainable.

1.1 RESEARCH PROBLEM

Given the existing global challenges related to urban sustainability and sustainable
development in cities, Smart Cities (SSC) emerge as a promising alternative due to the potential
to develop intelligent solutions for sustainability, optimization, and efficiency in urban systems,

as well as improvements in citizens' quality of life, among others (Bribi & Krogstie, 2017).
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In this context, the NBR ISO 37120 and 37122 standards provide indicators for
sustainable and smart cities, which serve as support for the formulation of policies, programs,
and projects. They have international recognition and can be applied to any city, regardless of
its size or location (ABNT, 2017).

The Municipal Master Plan (PDM) is an important instrument used by the government
for urban development and expansion policies, guiding the future growth of cities. The Master
Plan defines municipal territorial planning, covering both urban and rural areas, and establishes
strategies and instruments to achieve the objectives of urban development policy. Additionally,
the Master Plan territorializes and operationalizes these instruments, following the established
guidelines (Ministry of Regional Development [MDR], 2022).

As recently noted by Przybysz et al. (2024), works related to smart cities, sustainability,
and master plans are scarce, with few addressing all three topics or their full application, and
much of the research focuses on only one of them.

Among the previous works found in the literature, the research by Dubou et al. (2021)
analyzed the changes over time in the Master Plans of the city of Santa Maria/RS, with the aim
of evaluating whether there was a shift toward the concepts of sustainable and smart cities.

Based on the 1SO 37120 indicators, Stefani et al. (2024) applied online questionnaires
to the population of the cities of Guarapuava (Brazil) and Matosinhos (Portugal) to assess
whether sustainable development strategies were present in public policies.

In Mendes' (2021) research, the points of convergence between Smart Cities and
Sustainable Cities were evaluated, making a comparison between the ISO 37122 and 37120
standards and the existing literature.

Based on the City Statute and the concepts of urban quality of life, Felipe (2020)
conducted a study that analyzed the Master Plans of Brazilian municipalities according to the
dimensions of Smart Economy, Smart People, Smart Governance, Smart Mobility, Smart
Environment, and Smart Quality of Life, seeking to identify how they address the
characteristics of smart and sustainable cities.

Beck (2020) explored the relationship between the Strategic Master Plan (PDE) of S&o
Paulo and the characteristics of a Smart Sustainable City, identifying that the 2014 PDE of Séo
Paulo incorporates elements that align with the dimensions of a smart and sustainable city,
including the three dimensions of urban intelligence (innovative, smart governance, and
enabling) and sustainability (social, environmental, and economic).

Some of the considerations and suggestions for future research, which guided the

formulation of the research question for this dissertation, include the suggestion that urban
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planning for smart cities should be based on a multidisciplinary approach, considering
economic, social, and environmental factors (Przybysz et al., 2024). Also highlighted is the
importance of public policies and long-term planning, combining the use of technology with
sustainability (Mendes, 2021), and the need to expand the analysis of Master Plans by including
a greater number of municipalities and conducting comparative studies across different regions
of Brazil (Felipe, 2020).

Moreover, as emphasized by Bribi and Krogstie (2017), the field of smart and
sustainable cities is emerging, a fertile area with vast opportunities for the development of

studies.

1.1.1 Research Question

Thus, considering the emerging field of research in Smart and Sustainable Cities, the
representativeness of NBR ISO 37120 and 37122, the need to expand studies encompassing the
Municipal Master Plans, and the location of the municipalities bordering the Itaipu Lake in the
area of influence of an enterprise with significant environmental impact, here emerges the
guiding question of this research: What are the points of convergence between the Brazilian
Regulatory Standards ISO 37120 and 37122 and the Master Plans of the municipalities
bordering the Itaipu Lake?

A greater convergence of the PDM in relation to the NBR ISO 37120 and 37122
standards may mean that municipalities are more aligned with sustainability and intelligence

aspects and that they consequently seek to apply this in the reality of their municipalities.

1.2 OBJECTIVES

1.2.1 General

The general objective of this research is to analyze the convergences between NBR ISO
37120 — Indicators for Sustainable Cities and NBR ISO 37122 — Indicators for Smart Cities —

and the master plans of the municipalities bordering Itaipu Lake.
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1.2.2 Specific

The specific objectives are:

a) Define key terms of analysis based on the themes and indicators of NBR 1SO
37120 and 37122,

b) Categorize the Municipal Master Plans;

C) Establish comparisons between the Municipal Master Plans;

d) Propose a framework for the preparation and review of Master Plans.

1.3 JUSTIFICATION AND CONTRIBUTION

Given the urbanization process and the increase in the number of people living in cities,
numerous challenges are perceived, making it essential for cities to have adequate planning and
seek innovative solutions, new strategies, and approaches to promote more sustainable urban
policies (Bayulken & Huisingh, 2015).

As highlighted in the City Statute (Law No. 10,257, 2001), one of the general guidelines
of urban policy is ensuring the right to sustainable cities. Since the Municipal Master Plans
(PDMs) are important tools in city planning, the inclusion of categories related to the
development of Smart and Sustainable Cities becomes relevant. As pointed out by Hojel and
Wangel (2015), the relationship between sustainable and smart cities has the potential to raise
awareness among planners, information, and communication technology companies, as well as
policymakers, about the role of ICTs in promoting urban sustainability.

The concept of Smart Cities (SSC) has been recognized by researchers and global
communities as a new and important scientific direction, requiring investigation,
systematization, and design for a sustainable global future (Mukovic et al., 2021). The ISO
37120 and 37122 standards provide different indicators that can support planners and
policymakers in formulating public policies that promote urban sustainability and, as a result,
sustainable development.

This study analyzes the points of convergence between the NBR 1SO 37120 and 37122
standards and the master plans of the municipalities bordering the Itaipu Lake, located in a
region that has undergone significant environmental impact. The goal is to contribute to the
improvement of urban management and sustainability in these municipalities, as well as to

support the formulation of more effective master plans and public policies.
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Additionally, as a practical contribution, a framework is presented to support
municipalities in the process of preparing and updating their Master Plans, using themes related
to smart and sustainable cities as a premise. The intention is to encourage municipalities to
develop master plans that promote improvements in the areas of sustainability and innovation,

helping them to become more sustainable and intelligent.

1.4 STRUCTURE OF THE RESEARCH

The research includes in its first chapter the Introduction with the exploration of the
research context, the problematization that gave rise to the guiding question, the objectives
outlined to answer the question, and at the end of the chapter the justification and contributions
are presented.

The second chapter contemplates the theoretical framework. In it, topics relevant to the
research are addressed. The following topics are covered: Urban sustainability and the
fundamental role of cities; Urban planning and municipal master plans; Smart and sustainable
cities; and, ABNT NBR 1SO 37120 and 37122 Standards.

The third chapter describes the methodology adopted to carry out the research,
contemplating its design, the procedures for data collection and analysis, and its limitations.

The fourth chapter consists of the analysis and discussion of the results found in the
development of the research.

In the last chapters are the final considerations and references used to construct the

research.
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2 THEORETICAL FOUNDATION

This chapter contemplates the exploration of important concepts and themes for this
research. It is composed of the topics: Urban sustainability and the fundamental role of cities;
Urban planning and municipal master plans; Smart and sustainable cities; and, NBR ISO 37120
and 37122 Standards.

2.1 URBAN SUSTAINABILITY AND THE FUNDAMENTAL ROLE OF CITIES

Given the urbanization process and the increase in the number of people living in cities,
numerous challenges are perceived, making it essential for cities to have adequate planning and
seek innovative solutions, new strategies, and approaches to promote more sustainable urban
policies (Bayulken & Huisingh, 2015).

As highlighted in the City Statute (Law No. 10,257, 2001), one of the general guidelines
of urban policy is ensuring the right to sustainable cities. Since Municipal Master Plans (PDMs)
are an important tool in city planning, the inclusion of categories related to the development of
Smart and Sustainable Cities becomes relevant. As pointed out by Hojel and Wangel (2015),
the relationship between sustainable and smart cities has the potential to raise awareness among
planners, information and communication technology companies, as well as policymakers,
about the role of ICTs in promoting urban sustainability.

The concept of Smart Cities (SSC) has been recognized by researchers and global
communities as a new and important scientific direction, requiring investigation,
systematization, and design for a sustainable global future (Vukovic et al., 2021). The 1SO
37120 and 37122 standards provide different indicators that can support planners and
policymakers in formulating public policies that promote urban sustainability and, as a result,
sustainable development.

This study analyzes the points of convergence between the NBR ISO 37120 and 37122
standards and the master plans of the municipalities bordering Itaipu Lake, located in a region
that has undergone significant environmental impact. The goal is to contribute to the
improvement of urban management and sustainability in these municipalities, as well as to
support the formulation of more effective master plans and public policies.

Additionally, as a practical contribution, a framework is presented to support

municipalities in the process of preparing and updating their Master Plans, using themes related
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to smart and sustainable cities as a premise. The intention is to encourage municipalities to
develop master plans that promote improvements in the areas of sustainability and innovation,
helping them to become more sustainable and intelligent.

In the literature, there are different definitions of urban sustainability. According to Wu
(2014), urban sustainability is defined as an adaptable and continuous process that balances
ecosystem services and human well-being through environmental, economic, and social
actions, considering the city's internal and external dynamics. For Newman (1999), the goal of
urban sustainability is to minimize the consumption of natural resources and waste generation,
while raising the quality of life of the population, seeking harmony with local, regional, and
global ecosystems.

The definition adopted in this research is provided by Bribi and Krogstie (2017), who
consider urban sustainability as a long-term and continuous process aimed at achieving an ideal
state, where cities reconcile environmental protection, economic growth, and social equity
through strategic urban planning. This definition aligns with what Campbell (1996) called the
"planner's triangle,” which has as its fundamental objectives: environmental protection,
economic development, and social equity. Urban planning, according to him, must work within
the tension created between these objectives, seeking a balance that is not easily achieved.

The concepts identified align with the dimensions of the sustainability tripod (economic,
environmental, and social). The environmental dimension is related to the responsible use of
natural resources, aiming to preserve the environment for future generations. The economic
dimension, in turn, emphasizes the importance of fair distribution of resources and goods to
meet everyone's needs. The social dimension seeks to promote social equity by ensuring access
to essential services such as education, health, and transportation (Yigitcanlar & Dizdaroglu,
2015).

A term closely linked to urban sustainability is sustainable development (SD). One of
the widely recognized definitions of SD is provided in 1987 by the World Commission on
Environment and Development (WCED) in the report "Our Common Future,” also known as
the "Brundtland Report" (Hummels & Argyrou, 2021). The definition describes SD as that
which "meets the needs of the present without compromising the ability of future generations
to meet their own needs"” (WCED, 1987, p. 24).

Although this definition was an important milestone, Redcliff (2005) argues that it is
overly simplistic and may be interpreted superficially, which could lead to inconsistent
application and a lack of real commitment to sustainability. Despite the criticisms regarding the

simplicity of the definition, it is notable the expansion of global debates, the actions undertaken
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on the subject, and the initiatives to address environmental, economic, and social challenges
(Bayulken & Huisingh, 2015). As an example of this, in 2015, the UN released the 2030
Agenda, which plays an important role in stimulating discussion and actions towards
sustainable development and urban sustainability. The Sustainable Development Goals (SDGS)
that make up the agenda include 17 interconnected goals that address issues such as health,
education, reducing inequalities, peace and justice, gender equality, and actions against climate
change (United Nations, 2023). These goals serve as a global action plan and guide policies,
programs, and investments aimed at sustainable development.

Figure 1 describes the 17 Sustainable Development Goals.

Number SDG Description
1 Eradication of poverty End poverty in all its forms, everywhere;
2 Zero Hunger and Sustainable Ending hunger, achieving food security and improved nutrition,
Agriculture and promoting sustainable agriculture;
3 Health and Wellness Ensure healthy lives and promote well-being for all, at all ages;
4 Quality Education Ensure mclus_lve, equnablg and quallty_e_ducatlon,.and promote
lifelong learning opportunities for all;
5 Gender Equality Achieve gender equality and empower all women and girls;
6 Drinking Water and Sanitation Ensure the availability and _susyamable management of water and
sanitation for all;
7 Affordable and Clean Energy Ensure reliable, sustainable, modern gnd affordable access to
energy for all;
Decent Work and Economic Promote sustained, inclusive and sustainable economic growth,
8 . .
Growth full and productive employment and decent work for all;
9 Industry, Innovation and Build resilient infrastructure, promote inclusive and sustainable
Infrastructure industrialization and foster innovation;
10 Reduction of Inequalities Reduce inequality within and between countries;
11 Sustainable Cities and Making cities and human settlements inclusive, safe, resilient and
Communities sustainable;
12 Responsible Congumptlon and Ensure sustainable production and consumption patterns;
Production
13 Climate Action Take urgent action to combat climate change and its impacts;
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Conservation and sustainable use of the oceans, seas and marine

14 Life on the Water . i
resources for sustainable development;
Protect, restore and promote the sustainable use of terrestrial
15 Terrestrial Life ecosystems, sustainably manage forests, combat desertification,
halt and reverse land degradation and halt biodiversity loss;
. . Promote peaceful and inclusive societies for sustainable
Peace, Justice and Effective - A . .
16 o development, provide access to justice for all, and build effective,
Institutions . T )
accountable, and inclusive institutions at all levels;
17 Partnerships and Means of Strengthen the means of implementation and revitalize the global

Implementation partnership for sustainable development.

Figure 1. Sustainable Development Goals

Source: Adapted from "Sustainable Development Goals™, from United Nations Brazil, 2023.

In addition to the 17 Objectives, 169 goals were defined to assist in achieving the

objectives. SDG 11 - Sustainable Cities and Communities, which emphasizes the

representativeness of cities for sustainable development, is subdivided into the goals presented

in Figure 2.

Goals

Description

11.1

By 2030, ensure access for all to adequate, safe and affordable housing and basic
services, as well as ensure the improvement of slums

11.2

By 2030, provide access to safe, accessible, sustainable and affordable transport
systems for all, improving road safety through the expansion of public transport,
with particular attention to the needs of people in vulnerable situations, women,
children, people with disabilities and the elderly

11.3

By 2030, increase inclusive and sustainable urbanization, and capacity for
participatory, integrated and sustainable planning and management of human
settlements, in all countries

114

strengthen efforts to protect and safeguard the world's cultural and natural heritage

115

By 2030, significantly reduce the number of deaths and the number of people
affected by disasters and substantially decrease the direct economic losses caused by
them relative to global gross domestic product, including water-related disasters,
with a focus on protecting the poor and people in vulnerable situations

11.6

by 2030, reduce the per capita negative environmental impact of cities, including by
paying special attention to air quality, municipal waste management and other

11.7

by 2030, provide universal access to safe, inclusive, accessible and green public
spaces, in particular for women and children, older people and persons with
disabilities

1l.a

support positive economic, social and environmental relations between urban, peri-
urban and rural areas, strengthening national and regional development planning
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by 2020, substantially increase the number of cities and human settlements by
adopting and implementing integrated policies and plans for inclusion, resource
efficiency, climate change mitigation and adaptation, and disaster resilience; and
develop and implement, in line with the Sendai Framework for Disaster Risk

11b Reduction 2015-2030, holistic disaster risk management at all levels
support least developed countries, including through technical and financial
1l.c assistance, for sustainable and resilient construction, using local materials

Figure 2. SDG 11 Targets

Source: Adapted from "Sustainable Development Goals", from United Nations Brazil, 2023.

As can be seen in the goals presented, cities have a central role, acting as focal points of
innovation and driving actions for a more sustainable future (Sharifi, et al., 2024).

Given the representativeness of sustainability in urban environments, its role in urban
planning and development permeates debates in the academic field and urban circles (Bribi &
Krogstie, 2017), and international bodies such as the International Organization for
Standardization (1ISO) and ABNT present indicators for sustainable and smart cities, which
stimulate the development of adequate public policies to face urban challenges in a sustainable

way. more effective.

2.2 URBAN PLANNING AND MUNICIPAL MASTER PLANS

Given the increasing urban population, it is essential for cities to have proper urban
planning that aims to make them more sustainable, safe, resilient, livable, and attractive.
Urbanization, when well-planned and managed, has great potential to accelerate efforts toward
the Sustainable Development Goals (New Urban Agenda, 2020).

Urban planning is fundamental for the sustainable development of cities, as it guides
and directs land use and development, urban infrastructure, and related services, aiming to
maximize economic development, quality of life, and efficient management of natural resources
(Bribi & Krogstie, 2017). Therefore, it is seen as a crucial tool for creating sustainable cities
and meeting the needs of present and future generations (Gasparini, 2004).

According to Bribi and Krogstie (2017), urban planning involves a complex process
aimed at organizing the physical space of the city in a coordinated and standardized manner,
including its infrastructural systems, processes, and services. This definition highlights the

importance of considering various elements in urban planning, such as infrastructure, public
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services, and spatial organization, always focusing on sustainability and quality of life for
citizens.

Additionally, the increasing generation of data about cities and their inhabitants is
driving a profound transformation in urban planning. This new reality requires planners to adopt
innovative methodologies to analyze real-time data and respond more efficiently to urban
challenges such as mobility, accessibility, and security (Bribi & Krogstie, 2017), using
innovation as a driver of sustainable development.

In Brazil, in 2001, the Statute of the City was published, a law that establishes general
guidelines for urban policy in the country and regulates articles of the Federal Constitution on
urban development policy. The Statute encourages the construction of more sustainable cities,
with lower environmental impact and higher quality of life (Law No. 10.257, 2001).

In this context, the Municipal Master Plan (PDM) is characterized as a fundamental
instrument of urban development and expansion policy, guiding its use by the public authority
to meet the right to sustainable cities, encompassing the right to urban land, housing,
environmental sanitation, urban infrastructure, transport, public services, work, and leisure
(Law No. 10.257, 2001).

According to Rezende and Ultramari (2007), the Municipal Master Plan, in line with the
Statute of the City, is an essential tool for territorial and social planning in municipalities. The
authors emphasize the importance of the PDM in addressing issues such as land use and
occupation, underutilization of buildings, and promoting an integrated vision of urban and rural
space.

According to UN-Habitat (2020), master plans serve as strategic guides for urban
development, establishing guidelines and standards that direct the future growth of cities. They
also serve as the basis for local regulations, such as zoning laws, ensuring that urban
development aligns with community objectives.

In addition to these characteristics, the PDM plays a crucial role in promoting
sustainable urban development. By establishing guidelines for land use and ensuring
community participation, the PDM ensures that urban growth meets the needs of the population
and contributes to the improvement of quality of life. Moreover, integrating the PDM with
financial planning instruments ensures the effective implementation of urban policies
(Gasparini, 2004).

In relation to sustainable cities, the PDM serves as a strategic instrument in promoting
sustainable urban development, as it must integrate sustainability dimensions, encompassing

social, economic, and environmental aspects, and promoting quality of life for citizens
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(Gasparini, 2004). In other words, the PDM is a tool that guides urban development to ensure
that cities are sustainable, meeting the needs of current and future generations, respecting the
environment, and promoting social justice.

In the literature, there are studies that have included Master Plans in their analysis, such
as the one by Dubou et al. (2021), which analyzes the evolution of the Master Plan of the city
of Santa Maria/RS, focusing on the alignment with the concepts of sustainable and intelligent
cities. The study evaluated whether changes in the master plans reflected a greater concern with
sustainability and urban intelligence. Among the results, they identified an evolution of the
PDMs with the inclusion of concepts such as smart economy, smart governance, and urban
mobility.

In another study, Peter & Yang (2019) analyzed the evolution of urban planning in Dar
es Salaam, the largest city and commercial center in Tanzania, assessing the relationship
between the existing Master Plans and sustainable urban development. The authors highlight
that master plans should not be limited to a control function. When designed as a comprehensive
strategy that considers various aspects of urban development, master plans can play a key role

in implementing sustainable practices in cities.

2.2.1 Construction of Municipal Master Plans

As highlighted by Lacerda et al. (2005), in the normative construction of Master Plans,
constitutional principles serve as an important reference. These principles act as guides,
providing a foundation for building the norms that make up the plan and ensuring that all of its
parts are aligned with the larger goals of the constitution. These principles are presented in the

Figure 3.

Principle Description

It guarantees the right of citizens to the city, including decent
housing, infrastructure and essential public services.

Social function of the city

It subordinates private interests to public and social interests,

Social function of urban property regulating land use and preventing real estate speculation.

It promotes the direct participation of citizens in the
formulation and implementation of the Master Plan.

It seeks a balance between urban development and
Environmental sustainability environmental preservation, controlling human actions to
protect ecosystems.

Democratic management
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Figure 3. Constitutional principles for the preparation of Master Plans
Source: Adapted from "Municipal Master Plans: Legal and Conceptual Aspects" by N. Lacerda et al., 2005, R. B.

Estudos Urbanos e Regionais (Urban and Regional Studies), 7.

In this sense, the implementation of the principles discussed presupposes the adoption
of legitimate and viable instruments and actions, which requires a negotiation process with the
participation of various social and political actors, where the municipal government assumes a
central role, being responsible for ensuring the democratic management of the Master Plan,
from its conception to its implementation (Lacerda et al., 2005).

Among the points addressed in the City Statute, it is highlighted that the Municipal
Master Plan (PDM) is the main instrument of the urban development and expansion policy, and
must be approved by municipal law and reviewed every 10 years. It must also contemplate the
participation of the population and representative associations, ensuring the democratic
management of the city (Law n. 10.257, 2001).

Regarding the obligation to prepare, the PDM must be adopted by cities with more than
twenty thousand inhabitants, members of metropolitan regions and urban agglomerations, or
where the municipal Government intends to use the instruments provided for in paragraph 4 of
article 182 of the Federal Constitution. It also applies to cities that are part of areas of special
tourist interest, inserted in the area of influence of enterprises or activities with significant
environmental impact at regional or national level, and those included in the national register
of Municipalities with areas susceptible to the occurrence of landslides of great impact, sudden
floods or related geological or hydrological processes (Law No. 10,257, 2001).

As for the content of the Master Plan, the City Statute specifies that it must contemplate,
at least, the delimitation of urban areas where subdivision, construction or compulsory use can
be applied, considering the existence of infrastructure and the demand for use. In addition, it
must include a system for monitoring and controlling the implementation of the plan and the
provisions required by Articles 25, 28, 29, 32 and 35. Article 25 deals with the social function
of urban property, establishing that property must meet its social function, which implies
respecting urban and environmental standards; Article 28 defines the guidelines for the
subdivision of urban land, including the need for the subdivision to meet the requirements of
infrastructure and public services; Article 29 establishes that the master plan must contain rules
on the use and occupation of the land, aiming at the ordering of urban space and the protection
of the environment; Article 32 focuses on land regularization, allowing municipalities to adopt

measures to regularize urban areas occupied by low-income populations; and Article 35 deals
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with the transfer of the right to build, allowing municipal legislation to authorize the transfer of
this right under certain conditions, such as for the implementation of urban equipment or
preservation of areas of historical or environmental interest (Law No. 10,257, 2001).

In 2022, the Ministry of Regional Development (MDR), through the National
Secretariat for Mobility and Regional and Urban Development (SMDRU), made available the
Guide for the Preparation and Review of Master Plans, with the objective of assisting
municipalities in territorial planning (MDR, 2022).

This guide presents as a suggestion some steps for the preparation and review of Master
Plans, which are summarized as: 1) Preparation; 2) Reading the territory; 3) Formulation of
proposals; 4) Systematization; and 5) Approval, Implementation and Monitoring. The topics
covered in the guide include Housing, Urban and Environmental Quality, Large Impact
Projects, Sustainable Rural Development, Urban Expansion, Real Estate Dynamics, Cultural
Heritage, Environment, Public Facilities, Tourism, Environmental Sanitation, Land Use and
Occupation, Security, Economic Development, Mobility and Transportation, and Areas of Risk
to Life.

The Guide thus becomes a relevant tool to support municipalities in structuring

Municipal Master Plans, providing a structured methodology with clear steps and guidelines.

2.3 SMART AND SUSTAINABLE CITIES

In contemporary cities, urban systems face increasing pressure, as a result of challenges
related to sustainability and the intense urbanization we are experiencing. The current way cities
are built has generated negative effects on sustainability, such as increased air and water
pollution, greenhouse gas emissions, ineffective mobility and accessibility, as well as increased
need for transport and traffic improvements, among others (Bribi & Krogstie, 2017).

In view of the forecasts of population increase and urbanization percentages, the effects
on the urban environment tend to intensify. As a result, new forms of urban planning and the
integration of innovative solutions, within a long-term perspective, become extremely
necessary (Bribi & Krogstie, 2017).

The practice of developing city concepts to promote a more sustainable urban form has
become increasingly common. The relevance of these terms is reinforced in both political

discourse and academic research, resulting in a variety of concepts that seek a more sustainable
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and prosperous urban future. Among these concepts, smart city (CI) and sustainable city (CS)
stand out as the most prominent (Fu & Zhang, 2017).

These two concepts originated in the early 1990s, and there is no consensus on a single
definition for the terms (Janik et al., 2020). Different definitions with varying emphases are
found, such as "virtual cities"”, "digital cities", "information cities", "networked cities" and "real-
time cities" for CI (Bribi & Krogstie, 2017; Batty et al., 2012), and "eco-city", "green city" for
CS.

The Sustainable City (CS) takes a strategic approach to urban development, aiming to
achieve the long-term goals of sustainability. This approach seeks to integrate knowledge about
sustainability into the planning and design of cities, both existing and new, with the aim of
balancing the environmental, economic, and social dimensions (Bribi, 2021).

For Wang et al. (2019), the concept of CS consists of improving the quality of urban
life, covering ecological, cultural, political, institutional, social, and economic aspects, without
compromising future generations.

There is an alignment between the definitions of sustainable city and the concept of
sustainable development presented in the 1987 report Our Common Future, in addition to its
correspondence with the tripod of sustainability, encompassing the economic, social, and
environmental spheres (Karal & Soyer, 2023).

Regarding the concept of IC, some definitions encompass the three dimensions of
sustainability (economic, social, and environmental), while others address only one or two of
these dimensions (Choi & Song, 2023).

For Caragliu et al. (2011), a city becomes smart when investments in human and social
capital, as well as in traditional (transport) and modern (Information and Communication
Technologies - ICT) communication infrastructure, drive sustainable economic growth and
provide a high quality of life, with adequate management of natural resources through
participatory governance.

In the view of Angelidou (2014), the concept of smart city presupposes a conscious
effort on the part of cities to use ICTs strategically, with the aim of achieving a more sustainable
and equitable development.

In Brazil, the Brazilian Charter for Smart Cities, which resulted from a collaborative
process involving various segments of society, aims to guide sustainable urban development in
the country and presents as a definition for IC:

They are cities committed to sustainable urban development and digital transformation,
in their economic, environmental, and sociocultural aspects, which act in a planned,
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innovative, inclusive, and networked way, promote digital literacy, collaborative

governance, and management, and use technologies to solve concrete problems, create

opportunities, offer services efficiently, reduce inequalities, increase resilience, and
improve the quality of life of all people. ensuring the safe and responsible use of data
and information and communication technologies. (Ministry of Regional Development,

2024, p. 28).

Despite the wide variety of concepts for IC, there is a consensus regarding the
importance of Information and Communication Technologies (ICT) for the development of IC.
These technologies play a key role in modern urban management, providing the tools needed
to collect, analyze, and interpret large volumes of data about cities. This technological
infrastructure, composed of a variety of interconnected devices and systems, allows for a deeper
understanding of urban dynamics, enabling the identification of patterns and trends that support
more strategic and efficient decision-making (Bribi & Krogstie, 2017).

As identified by Karal and Soyer (2023), in some cases, the concept of smart city even
replaces the concept of sustainable city, with the identification of a link with all the pillars of
sustainability. Ahvenniemi et al. (2017) observed that IC indicators would be more focused on
social and economic aspects of cities than on environmental ones.

In the view of HOjer and Wangel (2015), cities can become sustainable without the use
of smart technologies (ICT), and technologies can be used in cities without necessarily
contributing to sustainability. However, when smart technologies are used to make cities more
sustainable, the concept of Smart and Sustainable City (CIS) emerges.

The concept of Smart and Sustainable City (CIS) combines elements of the concepts of
Sustainable City (CS) and Smart City (CI). Although CIS is a relatively new term, it has gained
increasing prominence in the academic and scientific scene, with an exponential increase in the
use of the term since the 2010s (Vukovic et al., 2021; Janik et al., 2020), being addressed in
research such as those by Ahvenniemi et al. (2017), Hogel and Wangel (2015), and Bribi and
Krogstie (2017).

Hojer and Wangel (2015, p. 10) define the CIS as one that satisfies the needs of its
current inhabitants, without compromising the ability of other people or future generations to
meet their own needs. This city does not exceed local or planetary environmental limitations,
and this process is supported by Information and Communication Technologies (ICT). For the
authors, as illustrated in Figure 4, all three parts need to be present to qualify a city as smart

and sustainable.
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Figure 4. Smart and Sustainable City Tripod

Fonte: Adaptado de “Smart sustainable cities: Definition and challenges”, de M. Hojer e J. Wangel, 2015, Springer
International Publishing, 333-349.

For Yigitcanlar et al. (2019), the development of smart and sustainable cities requires
growth that is both inclusive and sustainable. This combination is only possible through the
balanced integration of people, policies and smart technologies. The authors warn that
neglecting the connection between sustainability and intelligence in urban planning can
generate negative consequences, such as the prioritization of immediate profits, the
marginalization of social groups, elitism, exacerbated utilitarianism, and the prevalence of
commercial interests over environmental issues, which culminates in an excessively
materialistic development model.

In the view of Bribi and Krogstie (2017), smart and sustainable cities are those that use
ICTs as a basis to improve the quality of life of citizens, promoting economic growth, citizen
participation and sustainability. These cities invest in human and social capital, aiming at the
efficient management of resources and ensuring the security and privacy of their inhabitants.
The concept emphasizes the importance of integrating technological, environmental, social, and
economic aspects to achieve urban sustainability.

For Ibrahim et al. (2018), a smart and sustainable city is defined as an innovative city
that uses ICTs and other means to improve the quality of life, the efficiency of urban operations
and competitiveness, while ensuring to meet the needs of present and future generations in
economic, social, environmental and cultural aspects.

For Huovila et al. (2019), the concept of CIS integrates urban sustainability and

intelligence. The emergence of this concept can be understood as a reaction to criticism, which
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points to the incompatibility between smart city solutions and the principles of sustainability.
At the same time, CIS seeks to meet the needs of increasingly digitized cities, proposing a more
comprehensive vision of sustainability that encompasses both technological and social
dimensions.

The definition adopted in this research for Smart and Sustainable City (CIS) is the
one presented by the International Telecommunications Union (ITU) (2015): "A smart and
sustainable city is an innovative city that uses information and communication technologies
(ICTs) and other means to improve the quality of life, the efficiency of urban operation and
services, and competitiveness, while ensuring the needs of present and future generations with
regard to economic, social, environmental and cultural aspects.”

Ahvenniemi et al. (2017) detail that there are significant differences between smart and
sustainable city assessment frameworks, emphasizing the need to consider both technological

and environmental and sustainability aspects when assessing the performance of cities.

2.4 ABNT NBR ISO 37120 AND 37122 STANDARDS

The Brazilian Association of Technical Standards (ABNT) is a private and non-profit
entity responsible for the elaboration of standards in Brazil, being a member of international
bodies such as the International Organization for Standardization (ISO) (ABNT, 2024).
Among the standards released by the organization are NBR ISO 37120 Sustainable
development of communities — Indicators for urban services and quality of life, and NBR ISO
37122 Sustainable cities and communities — Indicators for smart cities. Both standards have an
identical adoption in content, structure, and wording of the publications made by the
International Organization for Standardization (ISO), which is an international non-
governmental and independent body that develops international standards, establishing
parameters that aim to ensure reliability, build trust, and enable simplification (ISO, 2024).

NBR 1SO 37120 had its first publication in 2017, being the first Brazilian technical
standard regarding sustainability in urban communities, composed of 100 indicators divided
into 17 themes: 1) Water and sanitation; 2) Economy; 3) Education; 4) Energy; 5) Sewers; 6)
Finance; 7) Governance; 8) Housing; 9) Environment; 10) Urban planning; 11) Recreation; 12)
Solid Waste; 13) Fire and emergency response; 14) Health; 15) Security; 16)

Telecommunications and innovation; and 17) Transportation (ABNT, 2017). Its indicators are
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divided into essential (those that must be followed in the implementation of the standard) and
support (those that should be followed) and structured by themes (ABNT, 2017).

Regarding NBR 1SO 37122, its publication took place in 2020, covering 80 indicators
divided into 19 themes: 1) Local/urban agriculture and food security; 2) Water; 3) Economy;
4) Education; 5) Energy; 6) Sewers; 7) Sports and culture; 8) Finance; 9) Governance; 10)
Housing; 11) Environment and climate change; 12) Urban planning; 13) Population and social
conditions; 14) Recreation; 15) Solid Waste; 16) Health; 17) Security; 18) Telecommunication;
19) Transportation (ABNT, 2020).

Indicators are composed of numbers and other measures that allow the simplification of
more complex phenomena, allowing for simpler understanding (Ahvenniemi, et al. 2017).

NBR ISO 37120 defines and establishes a set of indicators in order to guide and measure
the performance of urban services and quality of life, with sustainability as a general principle
and resilience as a guiding concept in the sustainable development of cities. In addition to it,
NBR 1SO 37122 and 37123 were also released, as shown in Figure 5.

Figure 5. Relationship between the Standards family for city indicators

Source: From "Sustainable cities and communities — Indicators for smart cities", 2020, ABNT.

Together, standards 37120 and 37122 help cities identify indicators aimed at
implementing smart and sustainable city policies, programs, and projects, facilitating the
planning of initiatives aligned with the cities' strategic objectives (Schiavo & Magalhaes, 2022;
ABNT, 2020).
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In the context of cities, indicators are necessary for the definition of goals and for the
monitoring and monitoring of performance (ABNT, 2017; Ahvenniemi, et al. 2017), in addition
to the future planning of cities requiring information about the current scenario (ABNT, 2017).

The use of indicators in cities is quite versatile, ranging from monitoring progress
towards specific objectives to evaluating performance in various areas. In addition, the
indicators serve as a basis for communicating the benefits of public investments and for
strategic decision-making (Huovila, et al., 2019).

The 1SO 37120 and 37122 standards are "applicable to any city, municipality or local
government that intends to measure its performance in a comparable and verifiable way,
regardless of size and location” (ABNT, 2017, p.17), which makes them representative in their
use.

Among recent research, Stefani et al. (2024) analyzed 1ISO 37120 indicators in two
cities, Guarapuava (Brazil) and Matosinhos (Portugal), focusing on the perception of citizens
in these locations. As a result of the research, it was possible to identify that the 1SO 37120
indicators were useful to monitor the governance of cities and guide improvements in priority
areas.

In the research by Couto, et al. (2023), a method called SITIUS (Sustainability Indexes
based on Thematic Indicators for Urban Systems) was developed, which consists of a tool
developed to calculate sustainability indices in the environmental, social, and economic pillars,
and illustrates its application on a local scale to the standardized set of indicators recommended
by 1SO 37120. The results of the research show the potential of the SITIUS method as a valuable
instrument to assist urban managers in making more assertive decisions.

The indicators that are part of NBR ISO 37120 and 37122 allow, in addition to
evaluation, that best practices adopted in cities can be shared and that learning from each other
occurs. By using the indicators, cities can make more informed decisions, improve the quality
of life of citizens and build a future based on sustainability and intelligence.

The use of indicators in decision-making has become increasingly popular as an
increasingly common practice, given the increase in the amount of data available,
demonstrating the value of data-based decision-making. Many cities have employed these
indicators as tools to analyze and compare different decision options (Huovila, et al., 2019).

As normas NBR 1SO 37120:2017 e da NBR 1SO 37122:2020 proporcionam um
conjunto de indicadores que as cidades podem utilizar para avaliar seu desempenho atual,
monitorar a sua evolucgdo e tracar estratégias e a¢des proporcionando melhorias para toda a

populagéo, principalmente no que tange aos aspectos sustentaveis e inteligentes.
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The NBR ISO 37120:2017 and NBR ISO 37122:2020 standards provide a set of
indicators that cities can use to evaluate their current performance, monitor their evolution and
outline strategies and actions providing improvements for the entire population, especially

regarding sustainable and intelligent aspects.

3 RESEARCH METHOD AND TECHNIQUES

This chapter describes the methodological procedures used in this research,
encompassing its design, the procedures for data collection and analysis, and the existing

limitations.

3.1 RESEARCH DESIGN

The present research was based on a qualitative method, with an applied nature. In
relation to its objectives, it is classified as exploratory, as its purpose is to provide more
information on the subject investigated, discovering a new focus (Prodanov & Freitas, 2013).

Regarding the technical procedures adopted, the research is documental. As highlighted
by Gil (2002), documentary research is based on materials that have not undergone an analytical
treatment or that can be reworked according to the objectives of the research. In addition, some
of the advantages of documentary research lie in the fact that the documents constitute a rich
and stable source of data, their low cost, when compared to other research, and because they do
not require contact with the research subjects, which eliminates, at least in part, any influence
of the presence or intervention of the researcher (Gil, 2002; Poupart et al., 2012).

Figure 6 presents a summary of the research design adopted to carry out this dissertation.



Problem approach ) Qualitative

Nature of the objective

Technical procedures

Figure 6. Methodological design

3.2 DATA COLLECTION PROCEDURES

) Exploratory research

Cocumentary research
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As a population for this research, the municipalities bordering the Itaipu Lake were

chosen. The choice of these municipalities takes into account the location in an area of influence

of enterprises or activities with significant environmental impact as a result of the construction

of the Itaipu Hydroelectric Power Plant, and the development of actions and projects of a

sustainable nature in partnership with Itaipu Binacional. This group includes 16 Brazilian

municipalities, 15 of which are located in the state of Parana and 1 in the state of Mato Grosso

do Sul, as characterized in Table 1.

Table 1

Municipalities bordering the Itaipu Lake

City

State

Territorial Area

Populacéo residente

(Km2)
Diamante D'Oeste PR 309.110 4.557
Entre Rios do Oeste PR 120.967 4.575
Foz do Iguacgu PR 609.192 285.415
Guaira PR 563.742 32.097
Itaipuléndia PR 330.846 11.485
Marechal Candido PR 745.748 55.836
Rondon

Medianeira PR 328.732 54.369
Mercedes PR 197.136 5.931
Missal PR 324.397 11.064

Pato Bragado PR 135.600 5.733
Santa Helena PR 754.701 25.492
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Santa Terezinha de Itaipu PR 268.258 24.262
Sé&o José das Palmeiras PR 182.419 3.957
S&o Miguel do Iguacu PR 851.917 29.122

Terra Roxa PR 800.807 18.119
Mundo Novo MS 478.380 19.193

Note. Data on territorial area and resident population extracted from the Brazilian Institute of Geography and
Statistics (IBGE). Base year of information: 2022.
Source: From "Censo 2022", 2024, IBGE.

For these municipalities, the elaboration of the PDM is described as mandatory in the
City Statute, and the PDM's were chosen in this research as an instrument for data collection,
as they are a basic instrument of the urban development and expansion policy in the
municipalities and relevant in the promotion of sustainable development and improvement of
the population's quality of life.

The location of the Master Plans occurred through searches on the websites of the city
halls of each municipality and in the case of non-location, other searches were also carried out
through Google and Microsoft Bing search browsers. The initial surveys took place in
November 2023, and a new survey was carried out in September 2024 to validate possible
updates and disclosures of new PDM.

Regarding the standards, the version used for NBR 1SO 37120 was the one published
on January 18, 2017 and for NBR 37122, the version of July 9, 2020 corrected on June 24,
2021.

3.3 DATA ANALYSIS PROCEDURES

From the searches on the websites of the city halls and search browsers, 14 PDM's were
located available for online access. The PDM of the municipalities of Entre Rios do Oeste —
PR, and Mundo Novo — MS were not located, and even after sending an e-mail to the city halls,
no response was obtained in time for the research to be conducted. Figure 14 lists the years of

dissemination of the PDM located.

. Year of

iy publication
Diamante D'Oeste 2010
Foz do lguacgu 2017
Guaira 2008
Itaipulandia 2016
Marechal Candido Rondon 2021
Medianeira 2022
Mercedes 2019
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Missal 2020

Pato Bragado 2018
Santa Helena 2009
Santa Terezinha de Itaipu 2023
Sé&o José das Palmeiras 2024
Séo Miguel do Iguacgu 2016
Terra Roxa 2024

Figure 7. Municipal Master Plans located

For data treatment, content analysis was chosen, which takes into account the set of
characteristics in a given fragment, to allow the inference of knowledge, contemplating the
stages of pre-analysis of the collected material, analysis of the material itself and treatment of
the results (Bardin, 2016).

As a support tool in the processing of the data of the PDM's, the software called
IRAMUTEQ 0.7 Alpha 2 (Interface de R pour les Analyses Multidimensionnelles de Textes et
de Questionnaires) was chosen. Its choice was due to its free availability for download, and
because it allows different analyses, from basic lexicography, which is the calculation of word
frequency, to multivariate analyses such as the Descending Hierarchical Classification (DHC)
(Camargo & Justos, 2013a). IRAMUTEQ is developed in the Python language and uses
functionalities provided by the statistical software R (Souza et al., 2018).

For the correct import and interpretation of the content in the software, the treatments
of the collected material were carried out, in this case, the 14 PDM of the municipalities
bordering the Itaipu Lake. The texts of the PDM's were organized in a single file saved in .TXT
format with character encoding in the UTF-8 standard (Unicode Transformation Format 8 bit
codeunits), and each PDM was separated by a command line according to the software's coding
instructions. It was also necessary to remove the spaces between paragraphs and special
characters and correct the text. Compound words were joined by underline, such as
environment.

For the exploration of the research data, textual statistics were initially used with which
it was possible to generate the Zipf diagram. Zipf's law, in text analysis, allows estimating the
frequencies of occurrence of words and the region of concentration of indexing terms, or
keywords, demonstrating that there is a small group of words that occurs many times and also

that there is a large number of words with a small frequency of occurrence (Salviati, 2017).
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Another functionality used was the generation of the word cloud that groups and
organizes the words according to frequency, allowing the rapid identification of the keywords
in the corpus (Camargo & Justos, 2013a).

The Descending Hierarchical Classification (DHC) was also used, considered one of the
most important analyses of the IRAMUTEQ. DHC is a technique that divides the set of
segments into classes based on the frequency of reduced forms. IRAMUTEQ forms classes
with significantly associated words using the chi-square test (x2), revealing the associative
strength between words and their respective class. The processing of the text occurs in such a
way that vocabulary classes can be identified, making it possible to deduce which ideas the
textual corpus wishes to convey (Camargo & Justos, 2013a; Salviati, 2017).

Through Correspondence Factor Analysis (CFA), a graphical visualization of the words
and variables associated with each class is allowed, facilitating the identification of patterns and
the interpretation of the results. It is also possible to recover the original text segments
associated with each class, with a more qualitative analysis of the data and a deeper
understanding of the meaning of the keywords (Salviati, 2017).

In this research, the themes of NBR ISO 37120:2017 and NBR 1SO 37122:2020 were
regrouped into three categories related to the dimensions of sustainability (Environmental,
Social and Economic). The grouping of themes within these dimensions is in line with the
classification used in other studies such as Couto, et al. (2023), Przybylowski, et al. (2022), and
Ahvenniemi et al. (2017). As also observed in the research by Karal & Soyer (2023), studies
that have been conducted on smart and/or sustainable cities have mostly used clustering in these
three dimensions.

Table 2 shows the grouping of the NBR I1SO themes, in the dimensions of sustainability,

as well as the number of indicators present in each of the themes.

Table 2
Categorization of 1SO 37120 and 37122 indicators
Number of Number of
Dimension Topics indicators (NBR indicators (NBR
ISO 37120) ISO 37122)
Environmental/Social Local/urban agrlcglture 3
and food security
Environmental Water and sanitation 7 4
Economic Economy 7 4
Social Education 7 3
Environmental Energy 7 10
Environmental Sewers 5

Social Sport and culture
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Economic Finance 4 2
Economic/Social Governance 6 4
Social Housing 3 2
Environmental Enwronrr(l:(:]r;tnzr;d climate 8 3
Environmental/Social/Economic Town planning 4 4
Social Population_ e_md social i 4
conditions
Social Recreation 2 1
Environmental Solid Waste 10 6
Social/Environmental Fire and emergency 6 -
response
Social Health 7 3
Social Safety 5 1
Economic/Social Telecor_nmunic_ations and 3 3
innovation
Environmental/Social/Economic Transport 9 14
Total 100 80

Source: Adapted from "Sustainable development of communities — indicators for urban services and quality of
life", from ABNT NBR ISO 37120, 2017, Sdo Paulo: Brazilian Association of Technical Standards; "Sustainable
cities and communities — Indicators for smart cities”, from ABNT NBR ISO 37122, 2020, Sao Paulo: Brazilian
Association of Technical Standards.

As can be seen in Table 2, NBR 1SO 37120:2017 is composed of 100 indicators, and
NBR 1SO 37122:2020, of 80. The indicators were grouped into 20 themes: Water and
sanitation, Sewage, Environment and climate change, Solid waste, Economy, Energy, Finance,
Telecommunications and innovation, Local/urban agriculture and food security, Education,
Sports and culture, Governance, Housing, Urban planning, Population and social conditions,
Recreation, Fire and emergency response, Health, Safety and, finally, Transportation.

The categorization into the dimensions of sustainability prioritized the spheres with
which each theme is most connected. The themes Water and sanitation, Energy, Sewage,
Environment and climate change, and Solid Waste were classified in the Environmental sphere,
as they are related to the management of natural resources, energy generation and the transition
to renewable energy sources, the mitigation of the impacts of climate change and the adequate
use of water resources.

The themes of Economics and Finance were classified in the Economic sphere due to
their relationship with the generation of employment and income, financial development and
financial management.

The themes Education, Sports and Culture, Housing, Population and Social Conditions,
Recreation, Health and Safety were classified in the Social sphere, as they are directly linked
to well-being and human development, encompassing aspects such as social inclusion, quality

of life and access to essential services.
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The theme Local/urban agriculture and food security was classified as Environmental
and Social, due to its relationship with the promotion of sustainable agricultural practices and
adequate food for the population.

The theme Urban Planning was classified in the Environmental, Social and Economic
spheres, because urban planning encompasses aspects related to all spheres, such as land use
management, protection of natural areas, management and application of economic resources,
improvements to provide a better quality of life to the population, public health, safety, among
others.

The theme Transportation was classified in the Environmental, Social and Economic
spheres, as it is related, for example, to the emission of pollutants, urban mobility and
transportation costs.

The Governance theme was allocated in the Economic and Social spheres, as it is related
to the efficient and ethical management of economic resources and municipal public policies,
transparency and social participation, and the quality and access to public services.

The theme Telecommunications and innovation was allocated in the Economic and
Social spheres, as it relates to economic growth, technological development, and the significant
social impacts it can influence, such as digital inclusion.

The theme Response to fires and emergencies was classified in the Social and
Environmental spheres, as it is crucial for safety and social well-being, and due to the generation
of environmental impacts resulting from fires.

After the classifications, a survey of the indicators that make up these standards was
carried out. For each indicator, a key term was extracted to represent it. Subsequently, a research
was carried out with these key terms in the Master Plans of the Municipalities bordering the

Itaipu Lake, in order to identify their contemplation, or not.

3.4 LIMITATIONS OF RESEARCH METHODS AND TECHNIQUES

As limitations of this research, it can be considered the fact that the research of the
Master Plans took place only online, because although the availability is considered
fundamental to ensure transparency and democratic access to information, the non-availability
online does not mean the non-existence of the plan, which may exist physically or in other

media.
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Another limitation to be considered lies in the fact that the publication of the selected
PDM's occurred in different years, encompassing publications from 2008 to 2024, even though
it is stated in the City Statute that the revision of the PDM must occur at least within 10 years.

For this research, the 2017 versions of NBR 1SO 37120 and the 2020 version, revised
in 2021, of NBR ISO 37122 were used. When other versions are used, new indicators and

categories may be contemplated.
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4 ANALYSIS AND INTERPRETATION OF RESULTS

In this topic, the analysis and interpretation of the results obtained in the research is
presented. Topics with content on NBR ISO 37120 and 37122 and master plans, the

categorization of master plans and the presentation of the framework for smart and sustainable

cities applied to PDM will be addressed.

4.1 NBRISO 37120 AND 37122 AND MASTER PLANS

For the analysis of the master plans in relation to the ABNT 1SO 37120 and 37122

standards, key terms were used for each of the indicators of the standards. These key terms are

formed by words or expressions that aim to synthesize each indicator. Each key term was

researched in the master plans of the 14 municipalities bordering the Itaipu Lake, in order to
identify whether the PDM contemplated it.

Figure 8 presents a summary of the key terms used in each theme for mapping in the

master plans.

enrollment; total school enroliment; complete
higher education.

Theme 1SO 37120 Key Terms ISO 37122 Key Terms
unemployment/unemployed,; database/arrange data/make data available;
Econom property valuation; poverty; new business survival; information and
y employment/employed; youth unemployment; | communication technology/ICT/information
companies; patents. technology; research and development.
female school enroliment;
primary school survival rate; secondary school Lanquage:
Education survival rate; student/teacher; male school guage,

Computers/notebooks/laptops/tablets;Graduates.




Energy

energy/electrical energy;
electrical power supply;energy of public
buildings;renewable energy;power outages.
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Waste energy generation/production;
Waste water energy generation/production;
Waste energy generation/production;
Renewable energy/Photovoltaic energy/Wind
energy/Alternative energy sources; Energy
storage; Remote management; Public lighting;
Renovation/remodeling of public
buildings/Public buildings/Adapting public
buildings/Building renovation; Smart meters;
Charging stations.

Environment and
climate change

Particulate matter;
gases; air pollution/atmospheric pollutant;
noise; native species.

green building;
air quality.

Finances

municipal debt;
capital expenditure; own revenue; tax.

Car sharing/rental/coworking/shared bikes;
Electronic payment.

Fire and Emergency

Firefighters;
fires; natural disasters; volunteer firefighters;

Response emergency; Fire Department.
Voters: municipal portal/w.ebsne/ac?cess
) ) . . ) portal/electronic portal;
Governance elected women; women; corruption/bribery; . P " .
L online/on line;non-emergency;information
elected officials.
technology.
average life expectancy; Electronic medical records;
Health beds; number of doctors; mortality/deaths; Remote medical consultations; Real-time air
nursing and obstetrics; mental health; suicide. quality.
. Covered public spaces; Online reservations/online
Recreation : . . . .
Public spaces; reservations/electronic reservations.
Police officers/police personnel;
Security Homicide; Property crimes; Police; Violent monitoring cameras/security cameras;
crimes.
Housing Favelas; Smart energy meters;

homeless; registered at the registry office.

Smart water meters.




Solid Waste

Collection/waste;
Recycling; Landfills; Incinerate/incineration;
Burning/burned; Dumps/landfill; solid waste;
hazardous waste;
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Telemetry;
household waste/domestic waste;Energy
generation from waste;plastic waste/plastic
waste;Sensors in public waste bins;electronic
waste/electrical waste.

Telecommunications
and innovation

Internet;
cell phone; telephone;

broadband;
telecommunications; municipal internet / free
internet;

Transport

public transport;
private cars; alternative forms of transport;
alternative forms of locomotion / alternative
means of travel; motorized; cycle paths / cycle
lanes; traffic fatalities; flight.

traffic monitoring/traffic tracking/online
traffic/real-time traffic;
shared transport/collective vehicles;Low-
emission vehicles/registered vehicles;Shared
bicycles/bike sharing;Public transport
connectivity/publicly available system/real-time
control system;unified payment;electronic
payment systems;monitoring systems;smart
traffic lights;mapping of public
roads;Autonomous vehicles;Internet
connectivity;Roads for autonomous
driving;Clean bus fleet.

Urban planning

Green areas;
tree planting/species planting; Settlements;
jobs/housing (both in the text);

citizens in urban planning/citizen
participation/citizen participation/population
participation;
Electronic building permits;building
permits;high population density/medium
population density;

Sewers

sewage
Primary sewage treatmentSecondary sewage
treatmentTertiary sewage treatment

Wastewater reuse/reused wastewater;
Biosolids reuse/reused biosolids; Energy
derived from wastewater; Power generation
from wastewater; Monitored sewage
collection/sewage collection monitoring.

Water and sanitation

drinking water;
water for consumption;sanitation;water
consumption;water;water supply;water losses.

drinking water quality monitoring;
environmental water quality monitoring;
monitored water distribution/ water distribution
monitoring; smart water meters.

Population and
social conditions

Accessibility to public spaces/accessibility to
public buildings/accessibility to public
goods/adequacy of public buildings;
special needs/special need;accessibility
signage;digital exclusion.

Sport and culture

Online reservations for cultural facilities;
Digitization of cultural collection; municipal
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library/municipal libraries/public library; Active
users of public libraries.

Local/urban
agriculture and food
security

Urban agriculture;
food waste; mapping of food suppliers.

Figure 8. Key terms for the topics of NBR 1SO 37120 and 37122

After the analysis of the key terms in relation to the master plans of the municipalities
bordering the Itaipu Lake, it was identified that there was a greater adoption of the key terms
related to NBR 1SO 37120, representing 84%, compared to 16% in relation to NBR ISO 37122,
as shown in Figure 9. This result shows that master plans are more concerned with addressing
issues related to sustainability, while topics related to intelligence are still not very
representative. In this way, a possibility of evolution of the master plans is identified to include

themes that promote improvements related to the intelligence of the municipalities.

B NBRISO 37120
B NBRISO 37122

Figura 9. Representatividade dos termos-chave localizados

In relation to NBR ISO 37120, as can be seen in Figure 10, the municipalities with the
highest number of key terms were Guaira (45) and Terra Roxa (39), and the municipalities with
the lowest quantities were the municipalities of Diamante D'Oeste (18) and Sao José das
Palmeiras (22).

In relation to NBR ISO 37122, the municipalities that presented the highest number of
key terms were Terra Roxa (11) and Marechal Candido Rondon (10), and the municipalities

with the lowest quantities were the municipalities of Foz do Iguacu (2) and tied with the
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presentation of 3 key terms each, the municipalities of Missal, Santa Terezinha de Itaipu and

Sao José das Palmeiras.

m SO 37120 m=ISO 37122

Figure 10. Key terms of NBR ISO 37120 and 37122 by municipality

When analyzing the total number of key terms considering the two norms, it can be
observed in Figure 11 that the municipalities of Guaira and Terra Roxa were the ones with the
highest number of key terms with 51 and 50 respectively, and the municipalities with the lowest
guantities were the municipalities of Diamante D'Oeste and Sao José das Palmeiras with 22 and

25 key terms respectively.



Figure 11. Total key terms by municipalities
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Regarding the number of key terms related to each theme, Figure 12 shows which

themes have the highest quantities.

Themes Qty . key terms located
Waste Solids 65
Planning urban 62
Transport 59
Energy 58
Water and sanitation 55
Environment and climate change 41
Economy 39
Sewers 28
Finances 16
Telecommunications and innovation 14
Recreation 13
Governance 10
Population and conditions social 9
Fire and Emergency Response 9
Health 8
Housing 7
Security 5
Education 4
Sport and culture 1
Local/urban agriculture and food security 0
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Figure 12. Number of key terms per topic

The theme Solid Waste was the one with the highest amount, with 65, followed by the
theme Urban Planning with 62. The themes that had the lowest amounts of key localized terms

were Local/urban agriculture and food security with no term, and Sport and Culture with 1.

4.2 CATEGORIZATION OF MASTER PLANS

After the pre-analysis of the collected material, the necessary procedures were carried
out for the use of the IRAMUTEQ software and the generation of the analyses of the textual
corpus, as detailed in the data analysis procedures (topic 3.3).

When generating the first textual statistical analysis, 204,728 occurrences, 5,255
distinct forms, 1,550 hapax (words with frequency one) were identified by the software, and
the average number of occurrences per text was 14,623.43. The Zipf diagram was also
generated, shown in Figure 13, in which the X axis represents the number of words, and the Y
represents the number of words and the number of words that are used in the same way.
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Figure 13. Zipf diagram
Source: Survey data (2024).
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This result demonstrates the regularity of the research corpus, as there are many words
with few repetitions and few words that are repeated more frequently.

By generating the word cloud using the calculation of the square root of the total
frequencies (active forms), it was possible to visualize the words with the greatest importance

in the textual corpus originated by the Master Plans, as shown in Figure 14.

condigdo
urbanistico proprietario
garantir jnstrymento
gestéio projeto sistema

formaplane desenvolvimento

processo |0 cidade

legislacio SOC|a| munlc'plo local

'”mrma@a“ interesse

;
Z2ePUDlICO grag oo,
codigo 'C'J m u n I CI a | politica
artulgroa .'G p macruznna

especial
plano_diretor = I
recurso "" |move
dlrelto u rba n 0 diretor ®

agao Iel dever uso orgao

sefvico . populagdo
z:%a amblental Ocupagéo
programa promoverrura| utilizagdo
planejamentoconselho

empreendimentoimplantacso
equipamento

federal

Figure 14. Word Cloud
Source: Survey data (2024).

They were identified as the most relevant words in the corpus composed of the PDM of
the municipalities bordering the Itaipu Lake: municipal, urban, area, public, municipality, law,
environmental, development, social, among others. This result can be explained by the nature
of the content that makes up the PDM, being interesting the presence of the words
environmental, social and development that are related to the tripod of sustainability, and also
by the fact that there is no presence of words directly related to innovation.

When generating the DHC from the corpus of the municipalities bordering the Itaipu
Lake, five classes were obtained, as shown in Figure 15: class 1 corresponded to 27.7%; class
2 10 11.6%; class 3t0 19.1%; class 4 to 19.7%; and class 5 to 21.9%. The corpus was processed
in 26 seconds, with the classification of 5,572 segments out of a total of 5,668, representing
98.31% of the total corpus. When this percentage is 75% or more, it is considered a good

performance (Souza et al., 2018).
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classe 1 classe 4 classe 2 classe 5
imével =~ educacéao rio planejamen
proprietario  salde faixa gestao
prazo transporte macrozona municipal
direito cultura nascente informacao
artigo promover via conselho |
ano ampliar bacia desenvolvimen
nao rede mata plargo_ =
termo incentivar biodiversidade Participacao
concesséo r 2 i plano_diretor
caso residuos_soli nativo implementacéo
ONeroso mobilidade corredor sisterna
pagamento coleta Ao e plano_diretor_r
poder_executive sanitario P roarsres sociedade
dia "~ atendimento !ﬁrograﬂco acao
notificagao Servigo ciliar participativo
aprovacéo pequeno e vt dado
edificacgo lazer o diretor __

Figure 15. Descending Hierarchical Classification of Municipal Master Plans
Source: Survey data (2024).

Obtaining the formation of the classes through IRAMUTEQ, a more in-depth analysis
of the words with the greatest representativeness, represented in Figure 15, was initiated, with
the aim of giving a name to each of the classes according to a related theme.

By analyzing class 1, it was identified that it is associated with issues of real estate and
property law, as well as legal issues regulated by the municipal executive power. In view of
this, the name "Real Estate Regulation and Concessions"” was adopted. It is identified that this
class incorporates instruments of the Bylaws. This is in line with what was also observed by
Santos Junior and Montandon (2011) in an analysis of 526 PDM in which the zoning or
macrozoning instruments, the Special Zones of Social Interest, and the set of instruments
composed of Compulsory Parceling, Building or Use, Progressive IPTU in Time and
Expropriation, the institution of the Onerous Grant of the Right to Build and the Consortium
Urban Operations were present in most of the plans analyzed.

Some of these instruments are also related to class 3, which addresses issues related to
land use, land regularization and housing, highlighting the importance of urban planning for the
organization of space and the guarantee of adequate housing conditions. Class 3 was renamed

"Urban Planning and Regularization™.
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Class 4 encompasses topics related to public policies and essential services that aim to
promote the well-being of the population and the sustainability of cities. Considering this direct
relationship with urban infrastructure and the provision of public services, it was considered
appropriate to adopt the name "Sustainable Infrastructure and Public Services".

In the research by Dubou et al. (2021), themes related to class 4 were also identified
when analyzing the evolution of the PDM in the city of Santa Maria/RS, such as urban
infrastructure, environmental sanitation, work, leisure, transportation/mobility.

The analysis of class 2 reveals a strong connection with themes related to environmental
preservation and biodiversity. Considering the centrality of water resources management and
the protection of natural areas in this context, the name "Management and Preservation of Water
Resources and Natural Areas™ was adopted.

Serrafim and Ricci (2017) also observed in the master plans of Piracicaba and Bauru the
presence of environmental preservation mechanisms, which is related to class 2. In the master
plan (PD) of Bauru, for example, the authors identified as an objective encompassed in the PD
the guarantee of the protection, preservation and recovery of the environmental heritage, natural
or artificial, of the cultural, historical and landscape heritage to guarantee the coexistence
between man and the environment and the maintenance of history.

Class 5 addresses topics related to municipal public management, strategic planning and
citizen participation in construction. Thus, the denomination "Participatory Governance and
Municipal Planning" was used.

With a different class composition from this research, Batista (2021) through topic
modeling found 4 main topics in the analysis of 186 PDM. These topics were Sustainability,
Zoning, Urban Mobility and Road Delimitation. The author details that the topic Sustainability,
addresses economic, social and environmental development in cities, the topic Zoning, relates
to the subdivision, use and occupation of the land, the topic Urban Mobility addresses urban
infrastructure and essential services in the field of transport, and the topic Delimitation of roads,
describes specific characteristics of each municipality as territories, neighborhoods, streets and
avenues. Thus, despite a different formation of categories, some similarities between the
content of each one and the words found in the analysis of the DHC are identified.

From this information, it is identified that the Municipal Master Plans have similarities
among themselves and in their structure, and that it is the differences and additional information
that they address or fail to address that differentiate one municipality from another. An example
of this, in the research by Pereira (2010), which covered 33 municipalities in Parana, it was

identified that popular participation is contemplated in the DP of most municipalities based on
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councils, hearings, conferences, but only a small percentage of DP enable the participation of
the population for budget definitions, thus differentiating those that do.

Figure 16 shows the Factor Analysis of the Correspondences by crossing the forms and
classes that allows a graphic visualization of the proximity between them, representing the

similarity between the categories.

Governanga Participativae
Planejamento Municipal
- -

t i o*camen!o
ncorgorar 3 ualizacao formulac3o
atn,uncaoplu”anda orcamentario
sistematizar gotoria| Pamc'pa“VO oliberats
instancia yadosocledade compatenoa
aco'npanhamonlo L?ano'dlretor municipal

ororarl planegamento,ei;az

informagao irhplementag&o representante

estao secritana conselho

arflcipacao civilPl3no_diretor conferéncia
u?thPaPenma..ep ¢ principio decisdo

esiruhure plano tecmco atuakzar
fortalecer desenvolvimento ayaiacao Soministative

S poitico sistema Pprocesso)  territ = -
politica munici p af Regulamentagdo e Concessoes
C"""C“"C"C"-‘C"°‘°‘i"‘ diretor drofio Imobilidrias
R infantil oroing ~ 3poOIar controlo instrymento orgdo
& esportefortalecimento 3P0I0  Promocdocigede 1
& cugu , setor econémico e : aprovar documento
N noescola educagéo atendlmemo = der executivo_municipal ,nes
. "‘Ob'“dade salde el perfanente e "“““Cﬁso termo titulo
N (O afeme= e nam ol TN o o= Moo, _samtauo __________ L. s - -~ ,.apmvacao 8o —cacaasansd
5 O oltaTaNSpone. o = ] I eano exeicer SAaAn %?azogaeae-
§ torizado estimylar  ampliarigea ot i an dia ootificar

_incentivar t
residuos_soélidos rede|azqr

utilizar
“rtanens " direito % BIODTISATIO Seut,

parcelamenio m onerosonotificacao
acessibilidade esgoto ) ocu nao ate I ove CONCessao licenca
produtivo acesso construir 9dlﬁC3 pagamento desapropriagio
energia  tuns competente " tu
Producao gistrito a vio Proceder Iplu
residuo d pre alienagdo predial

superficie

Gestdo e Preservagdo de Recursos
Hidricos e Areas Naturais

facteur 1 -38.1 %%

Figure 16. Factorial representation of CHD and its classes
Source: Survey data (2024).

The categories are interconnected with each other, and the Real Estate Regulation and
Concessions category is closer to the Urban Planning and Regularization category. This, in turn,
has a greater proximity to the categories of Sustainable Infrastructure and Public Services and
to the Management and Preservation of Water Resources and Natural Areas. And the
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Sustainable Infrastructure and Public Services category connects with the Participatory
Governance and Municipal Planning category.

4.2.1 CATEGORIES OF MASTER PLANS IN RELATION TO THE CATEGORIES OF

NBR I1SO 37120 AND 37122

Having categorized the master plans, the composition of their classes and the most
relevant key terms, an analysis was carried out of which themes of NBR ISO 37120 and 37122
were present in the CHD generated by the IRAMUTEQ software, as shown in Figure 15 and
Figure 16, and the classes that covered the largest number of themes. The analysis also
considered the proximity to the key terms of the 1SO indicators and related key terms.

Figure 17 shows the relationship between the grouped themes of NBR 1SO 37120 and
37122 and the classes generated after analysis in the IRAMUTEQ software.
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Figure 17. Relationship between the Themes of NBR ISO 37120 and 37122 and the CHD
classes of IRAMUTEQ

Social/Environmental

With this analysis, it was possible to identify that class 4 - Infrastructure and Sustainable
Public Services was the one that encompassed the largest number of topics related to NBR I1SO
37120 and 37122, covering 10 topics (Energy, Sewage, Solid Waste, Transportation, Economy,
Telecommunications and innovation, Education, Sports and culture, Population and social
conditions, Recreation, Health). Then there is class 5 - Participatory Governance and Municipal
Planning with 3 themes (Urban Planning, Finance, Governance), class 2 - Management and
Preservation of Water Resources and Natural Areas with 2 themes (Water and sanitation,
Environment and climate change) and class 3 - Urban Planning and Regularization with 1 theme
(Housing). For the themes Local/urban agriculture and food security, Safety, Fire response and
emergencies, no key terms related to the classes generated in the CHD were located.

Regarding the dimensions of sustainability, it can be seen in Figure 17 that Class 2 -
Management and Preservation of Water Resources and Natural Areas is related to the
Environmental dimension, Class 3 - Urban Planning and Regularization is related to the social
dimension, Class 4 - Infrastructure and Sustainable Public Services is related to the three
dimensions, but with the predominance of the Social and Environmental categories and Class
5 - Participatory Governance and Municipal Planning is related to the three dimensions, with a

predominance of the Economic dimension.

4.3 FRAMEWORK FOR SMART AND SUSTAINABLE CITIES APPLIED TO

MUNICIPAL MASTER PLANS

An effective Master Plan must be built from an in-depth analysis of the local reality,

with the aim of identifying the needs and potential of the territory. In addition, it is essential
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that the elaboration process is participatory, ensuring the representation of the various segments
of society and avoiding the prevalence of private interests (Bernardy, 2013).

A well-planned city must be based on sustainable urban development, strategically
using Information and Communication Technologies (ICT) to offer tools and solutions that
promote more sustainable, intelligent and equitable growth. As a result, the use of NBR I1SO
37120 and NBR 1SO 37122 in the construction of Municipal Master Plans can provide a
diagnosis of the main and most urgent needs at the municipal level for subsequent decision-
making and development of actions.

Considering this scenario, based on the NBR 1SO 37120 and 37122 standards, the Guide
for the preparation and review of Master Plans, and knowledge acquired from accessed
literature, a framework is proposed for application in the process of construction and review of
Municipal Master Plans, with use in conjunction with the guidelines of the City Statute, to
assist managers, planners, civil society, and others involved in defining strategies and actions
for the evolution of municipalities with the objective of making them more sustainable and

intelligent, as represented in Figure 18.
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Figure 18. Framework for the preparation and restructuring of Municipal Master Plans

Source: Adapted from MDR's "Guide for the preparation and review of Master Plans", 2022; "NBR 1SO 37120",

ABNT, 2017; NBR 37122, ABNT, 2020.
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The proposed framework consists of 5 main topics: 1) Preparation; 2) Reading the
municipal territory and defining themes and problems; 3) Proposal, definition of strategies and
selection of instruments; 4) Systematization, cross-reading topics 2 and 3 and defining and
detailing the instruments; 5) Approval, implementation and monitoring. In all these topics,
popular participation must be contemplated.

In the themes that may be evaluated in the structuring of the DPs, the themes of 1SO
37120 and 37122 are contemplated, complementing them with themes suggested by the Guide
for the preparation and review of master plans, considering the themes: 1) Local/urban
agriculture and food security; 2) Water and sanitation; 3) Economy; 4) Education; 5) Energy;
6) Sewers; 7) Sports and culture; 8) Finance; 9) Governance; 10) Housing; 11) Environment
and climate change; 12) Urban planning; 13) Population and social conditions; 14) Recreation;
15) Solid Waste; 16) Fire and emergency response; 17) Health; 18) Security; 19)
Telecommunications and innovation; 20) Transportation; 21) Large impact projects; 22)
Sustainable rural development; 23) Urban expansion; 24) Real estate dynamics; 25) Land use
and occupation; 26) Public facilities; 27) Tourism; and 28) Areas of risk to life.

From these 28 themes will originate problems and strategies, which must also evaluate
the spheres of sustainability (environmental, social and economic) and the aspects of
intelligence. Intelligence combined with the dimensions of sustainability becomes enhancing,
allowing the generation of real-time data that helps in control and more assertive decision-
making to provide the best for the population.

From the use of the proposed framework, it is expected that the Municipal Master Plans
will contemplate more aspects of sustainability and intelligence and that by adopting the actions
and strategies of the Master Plans, cities will become more sustainable and intelligent, meeting
the needs of the population.

It should be noted that each municipality must observe its local reality to map the most
urgent needs and that it is essential for effective change that the Master Plan is put into practice,
thus making it one of the main strategic instruments for urban governance and for the

development of smarter and more sustainable cities.
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5 FINAL CONSIDERATIONS

The general objective of this research was to analyze the convergences between NBR
ISO 37120 — Indicators for Sustainable Cities and NBR 1SO 37122 — Indicators for Smart Cities
— and the master plans of the municipalities bordering the Itaipu Lake. After carrying out the
analyses, it was possible to identify that the municipalities bordering the Itaipu lake have a
greater convergence in relation to NBR ISO 37120, and a lower convergence in relation to 1SO
37122, which demonstrates that the inclusion of topics related to intelligence in the PDM still
needs to be expanded, thus indicating an opportunity for the evolution of municipal master
plans towards the development of smarter and more sustainable cities.

From the analysis of NBR ISO 37120 and 37122 it was possible to define the key terms
originated from the 100 indicators of NBR 1SO 37120 and the 80 indicators of NBR ISO 37122
that served to carry out the analysis of the PDM of the municipalities bordering the Itaipu Lake,
contemplating Diamante D'Oeste, Foz do Iguagu, Guaira, Itaipulandia, Marechal Céandido
Rondon, Medianeira, Mercedes, Missal, Pato Bragado, Santa Helena, Santa Terezinha de
Itaipu, S&o José das Palmeiras, S&o Miguel do Iguacu, Terra Roxa.

The results showed that the municipalities of Guaira and Terra Roxa were the ones that
presented the highest number of key terms, considering the two norms, with 51 and 50 key
terms, respectively, and the municipalities with the lowest quantities were the municipalities of
Diamante D'Oeste and Sao José das Palmeiras, with 22 and 25 key terms, respectively. This
result indicates that the municipalities of Guaira and Terra Roxa include stretches in their PDM
that are more aligned with the themes of sustainability and intelligence, and that the
municipalities of Diamante D'Oeste and Sao José das Palmeiras are less aligned, having the
possibility of reviewing and expanding the adoption of strategies more aligned with NBR 37120
and NBR 37122.

By adopting an analysis through the IRAMUTEQ software, it was possible to identify
the most representative key terms in the corpus formed by the PDM of the 14 municipalities
bordering the Itaipu lake, as well as the relationship between the key terms organized into
classes when the DHC was generated. This analysis resulted in the representation of 5 classes
that were later renamed according to the evaluation of words that encompassed them. Many of
the words present in the categories are in line with what the Bylaws present as being necessary

for the DPs, indicating an adherence of the DPs in relation to the guidelines of the Bylaws.
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Among the categories found, it was identified that class 4, Infrastructure and
Sustainable Public Services, was the one that presented the largest number of Themes related
to NBR ISO 37120 and 37122 when encompassing 10 themes (Energy, Sewage, Solid Waste,
Transportation, Economy, Telecommunications and innovation, Education, Sports and culture,
Population and social conditions, Recreation, Health). The category was related to the three
dimensions of sustainability, with the predominance of the Social and Environmental
categories, and also representing a greater adherence of the PDM of the municipalities
bordering the Itaipu lake to NBR ISO 37120.

In order to support municipalities in the process of construction and review of Municipal
Master Plans and to assist managers, planners, civil society, and others involved in the
definition of strategies and actions for the evolution of municipalities with the objective of
making them more sustainable and intelligent, a framework was presented for application in
the process of preparation and review of Municipal Master Plans contemplating topics related
to NBR ISO 37120 and 37122.

From the use of the proposed framework, it is expected that the Municipal Master Plans
will expand the number of strategies related to sustainability and intelligence, applying them in
the municipalities so that they become more sustainable and intelligent, meeting the needs of
the population.

With the support of the indicators of NBR ISO 37120 and 37122, and taking into account
the local reality, managers will be able to outline strategies, public policies, and actions that
will lead to improvements in each of the themes, thus contributing to the development of more
sustainable and intelligent cities.

The limitations of this research lie in the fact that the consultation of the PDM took place
only online, in the differences in the years of publication of the PDM of the municipalities
bordering the Itaipu lake and in the versions of the standards used, with NBR ISO 37120 being
the 2017 and NBR 1SO 37122 the 2020, revised in 2021.

For future work, it is suggested to evaluate the effective application of the PDM in the
reality of the municipalities bordering the Itaipu lake, comparing it with the existing master
plans.

It is also proposed to carry out comparative research with other groups of municipalities
to verify whether the location of the municipalities in a region that suffered a significant
environmental impact resulting from the construction of the Itaipu hydroelectric plant
influenced the inclusion of more aspects related to sustainability in their Municipal Master

Plans.
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