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Abstract. Smart cities emerge as a response to build the city of the future, where
the well-being and rights of citizens are ensured under a sustainable perspec-
tive. Understanding the current state of smart cities in Brazil becomes essential
to assess how technology is impacting urban dynamics in the country. In that
sense, the main contribution of this paper is to present preliminary results of a
survey research on smart city projects in Brazil. 21 professionals from 7 states
and different areas responded to the survey. Results reveal that (i) there is a
range of smart cities projects in different regions of Brazil; (ii) several technolo-
gies are already deployed in Brazilian cities, but (iii) infrastructure is one of the
main challenges to make smart cities a full reality.

1. Introduction

The accelerated urbanization has led to a significant increase in the urban population, with
projections of reaching 70% by 2050 [5, 12, 15]]. Information and Communication Tech-
nologies (ICTs) have driven technological advancement in urban environments, enabling
solutions to optimize the various dimensions of urban life, such as transport, health and
mobility, culminating in what is so-called as smart cities. Understanding the current state
of smart cities in Brazil becomes essential to assess how ICTs are being implemented and
impacting urban dynamics in the country. However, despite the existence of literature
reviews [4], case studies [8] and non-academic rankings of smart cities in Brazi the
authors are unaware of a survey research study that provides an overview of smart city
project initiatives in Brazil.

In this sense, the main contribution of this paper is to present preliminary results of
a survey research on smart city projects in Brazil. 21 professionals, who come from seven
different Brazilian states, from different areas, and who participated in ICT development
projects for smart cities in Brazil responded to a questionnaire. Preliminary results reveal
that (i) there is an equitable distribution of smart cities projects in different regions of
Brazil; (ii) several technologies are already deployed in Brazilian cities, such as smart
buildings, urban monitoring systems and smart traffic systems; (iii) infrastructure is one
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of the main challenges to make smart cities a full reality in Brazil; however, other several
challenges exist in several areas, such as financial support, sustainability, education and
management. The paper is structured as follows: Section 2 brings background; Section 3
presents the survey protocol and results; and Section 4 brings final remarks.

2. A Brief Overview of Smart Cities

Smart cities emerged initially focused on the importance of ICTs for cities infrastruc-
ture. Then, the rise and popularization of the Internet of Things (IoT) supported novel
smart city experiences, incorporating systems for environmental monitoring, traffic and
security [13]. Finally, in the last decade, the advancement of Big Data and Artificial In-
telligence (Al) has further fostered the dissemination of solutions, with consolidated ini-
tiatives around the world, such as Barcelona, Singapore and Seoul. In short, a city can be
considered smart when investments in human and social capital, as well as in traditional
(such as transport) and modern infrastructure (ICT) drive sustainable economic growth
and result in a high quality of life for citizens. This smartness is manifested through ef-
ficient management of natural resources and the promotion of a participatory governance
model. Smart cities are often analyzed under determined dimensions [14], which include
smart (i) economy, (ii) people, (iii) governance, (iv) mobility, (v) environment, (vi) living
and all other dimensions of the urban life that can be enhanced by the use of ICT or other
smart solutions. In Brazil, there is a growing adoption of smart technologies. Accord-
ing to the Brazilian Institute of Geography and Statistics (IBGE) [7]], 14.3% of Brazilian
households have smart devices, and 93% of the number of homes have internet access.
Projects such as Porto Maravilha, in Rio de Janeiro, public transport in Curitiba, and the
Agua Branca Consortium Urban Operation, in Sdo Paulo, are examples of innovative in-
terventions [3} [16].

Related Work. Lazzaretti (2018) identified the network of Brazilian researchers dedi-
cated to the study of smart cities [9]. The results of their study revealed that 58 public
and private universities in Brazil host research groups in different areas focused on smart
cities. Weiss et al. (2017) [16] addresses the implementation of smart cities in Brazil,
reflecting on the specific challenges of the Brazilian context in creating smart cities, con-
sidering the predominance of social and political issues. In our study, we update part of
the results of Weiss et al. (2017), reporting up-to-date results 7 years after their study was
published. A search in Google Scholar in February, 2024 using the string * ‘survey
smart cities Brazil’’ reveals that hundreds of studies are retrieved. However,
although there exist studies in Portuguese and English, literature reviews, case studies,
and maturity models, including a Brazilian one [1], we are not aware of other survey
research results, as ours.

3. Survey Research

For this research, a protocol was developed inspired by guidelines for conducting
survey research [11], in addition to prior experiences with this type of study [10]. The
conduction method was composed of four steps: Step 1) Planning, Step 2) Execution,
Step 3) Analysis and Step 4) Reporting, as follows.

Step 1) Planning. Due to space restriction, a web page with supplementary mate-
rial is available, with the complete protocol, justifications for the research questions,
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copy of the form and answers, following the principles of Open Scienceﬂ The objective
of this research was ro explore the scenario of technologies related to Smart Cities in
Brazil from the perspective of technology professionals. From the objective, the following
research questions (RQ) were derived: RQ1) What is the geographic coverage of Smart
Cities distributed across the Brazilian territory? RQ2) Which implementations of
technologies related to the smart city concept are predominant in Brazil? RQ3) What
are the potential challenges and difficulties that technology professionals may face
when implementing Smart Cities technologies in Brazil?

Identification of the target audience. The study population is made up of profes-
sionals actively involved in technology, specifically those who work on projects or
research related to Smart Cities in industry or academia in Brazil.

Ethical issues. The questionnaire was designed with a Free and Informed Consent
Form (TCLE), exempting approval from an Ethics Committee, as it falls into the cate-
gory Public opinion research with non-identifiable participants, according to Circular
Letter No. 17/2022 /CONEP/SECNS/MS, July 2022 and CIRCULAR LETTER No.
12/2023/CONEP/SECNS/DGIP/SE/MS?]

Sampling planning. The sampling plan employs a combination of incidental sam-
pling, where invitations are extended to a broad group of participants, and snowball
sampling, encouraging participants to invite colleagues or partners from their pro-
fessional networks. This approach is adopted to ensure a diverse and representative
sample of technology professionals involved in initiatives related to Smart Cities in Brazil.

Step 2) Execution. Data collection took place between December 15, 2023 and
January 21, 2024. Invitations to participate in the survey were made per convenience
to research groups and R&D teams that work with smart cities, in addition to posts on
LinkedIn. It is not possible to estimate the response rate accurately.

Step 3) Analysis. After the responses were received, the data was accordingly
normalized to anonymize the respondents. The data was synthesized so that the RQ could
be answered, as follows.

Demographics. The survey received responses from 21 participants. All respon-
dents have academic degree and a significant majority, 14 (66.66%), has extensive
development, holding a doctorate or master’s degree. In this regard, participants are
distributed as follows: Completed Doctorate (23.80%), Doctorate in progress (4.76%),
Complete Master’s degree (38.09%), MBA or Lato sensu (14.28% ), Undergraduation
(14.28%) and Undergraduation in Progress (4.76%). The survey included a detailed
analysis of participants’ academic career, providing valuable insights into educational
diversity within the group. Among the 21 participants, the distribution in regards to the
academic area is as follows: Technology Courses (61.90%), Management (14.29%),

Tnttps://ww2.inf.ufg.br/~valdemarneto/projects/surveySmartCities.html
3https://conselho.saude.gov.br/images/comissoes/conep/documentos/
CARTAS/SEI_MS_0035011614_Oficio_Circular.pdf
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Electrical Engineering (4.76%), International Relations (4. 76%), Mathematics (4.76%),
Civil Engineering (4.76%), Physical Education (4.76%). These data reveal the diverse
and interdisciplinary nature that Smart Cities demand.

When analyzing the participants from the perspective of their professional profile,
as can be seen in the graph, it is clear that 12 of them (57.14%) are involved in academic
activities, while 7 (33.33%) perform roles in Public Administration and 4 (19.04%)
work in Private Institutions. This scenario reflects an equitable distribution between
the academic and non-academic sectors. Furthermore, it is important to note that 3
participants are students, and another 3 work in both spheres, highlighting a diversity of
perspectives in the data collected. The average age of the participants was 33 years old,
with the youngest being 22 years old and the oldest being 50 years old, allowing us to
infer a predominance of young people when we approach the topic. Regarding gender
identification, 4 (19.04%) identified themselves as women, and 17 (80.96%) as men,
highlighting the male predominance in the sample.

Step 4) Reporting. In this section, we answer the research questions, as follows.

RQ1 - What is the geographic coverage of Smart Cities distributed across the
Brazilian territory? The geographic distribution of participants is remarkably diverse,
reflecting an equitable representation of different regions of Brazil, although there is a
gap in relation to the North region due to the absence of participants from this region.
The survey received responses from Goids (3), Rio de Janeiro (2), Rio Grande do Sul (6),
Maranhao (5), Sao Paulo (2), Parané (2) and Rio Grande do Norte (1). We could not state
that this is the real distribution, since we do not have data from the entire country. Then,
we partially answer this question by covering regions and states from where we received
answers.

RQ2 - Which implementations of technologies related to the smart city concept
are predominant in Brazil? Seven participants (33.3%) highlighted the presence of smart
buildings, while 7 (33.3%) identified smart homes. Smart grids were mentioned by 4 par-
ticipants (19%). 42.9% of them highlighted the implementation of smart traffic systems,
and 3 (14.3%) mentioned smart management systems. Smart health was mentioned by
5 participants (23.8%), as was smart governance. Electric vehicles were indicated by 4
participants (19%), while autonomous vehicles were not mentioned by any participant.
Smart campuses were identified by 2 participants (9.5%), and 1 (4.8%) of the participants
mentioned the lack of implementations, lack of knowledge or the use of urban video
surveillance. Urban monitoring systems was mentioned by 12 (57.1%), renewable en-
ergies, smart mobility technologies and big data and data analysis were also mentioned,
each with 8 respondents (38.1%).

Concerning the technologies that underpin those solutions, IoT is predominant,
being mentioned by 11 participants (52.4%). Sensor networks were mentioned by 6
participants (28.6%), while 1 (4.8%) indicated that they did not identify any of these
technologies. With regard to devices, smartphones were highlighted by 20 participants
(95.2%), tablets by 5 (23.8%), personal computers by 4 (19%), video devices by 8
(38.1%), wearable devices by 5 (23.8%), and in-vehicle navigation systems by 7 (33.3%).

RQ3 - What are the potential challenges and difficulties that technology profes-
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sionals may face when implementing Smart Cities technologies in Brazil?

A plethora of challenges and difficulties when implementing Smart Cities tech-
nologies in Brazil were reported. In the scope of infrastructure and connectivity, 11
participants (52.4%) highlighted challenges related to infrastructure, while 8 participants
(38.1%) highlighted the scarce coverage of communication networks as an obstacle. Lim-
itations in electrical grid infrastructure were mentioned by 7 participants (33.3%). One
participant (4.8%) was unable to provide details. Regarding finantial challenges, 19 par-
ticipants (90.5%) indicated budget limitations as a significant barrier. The difficulty in ac-
cessing financing for smart city projects was mentioned by 7 participants (33.3%), while
10 participants (47.6%) pointed out the high cost of maintaining the implemented tech-
nologies. One participant (4.8%) mentioned cultural change as a challenge in accept-
ing new technologies. About challenges for sustainable energy, 13 participants (61.9%)
pointed to a lack of awareness about sustainable practices. Limitations in accessing re-
newable energy sources were mentioned by 2 participants (9.5%), while 12 participants
(57.1%) highlighted the difficulty in implementing clean energy solutions. One partic-
ipant (4.8%) suggested the region’s high potential for sustainable energy projects, par-
ticularly in solar energy. In education and training, 13 participants (61.9%) highlighted
the lack of educational programs on modern technologies. The difficulty in training local
professionals was mentioned by 11 participants (52.4%). Two participants (9.5%) indi-
cated that they did not face challenges in this aspect, while two others were unable to
provide details. The modernization of culture within public management was cited by
1 participant (4.8%). In data management and privacy, the main concerns highlighted
by 14 participants (66.7%) refer to data security and privacy. The difficulty in ensuring
the application of privacy policies was highlighted by 13 participants (61.9%), while 11
participants (52.4%) mentioned the lack of professionals specialized in data analysis and
management as a challeng

4. Final Remarks

The main contribution of this paper was to present preliminary results of a survey research
on the infrastructure of smart cities in Brazil. 21 people involved in ICT projects on
smart cities from 7 states and 4 different regions participated. The results reveal that (i)
smart cities projects are relatively well spread in the Brazilian territory (considering the
modest numbers and sample of the study); (ii) several technologies are already deployed
in Brazilian cities; and (iii) infrastructure is still the main challenge. The lack of awareness
about sustainable practices by citizens is a strong challenge, since solutions need to be
realand it is essential to rely on citizens in the maintenance and evolution of a smart city
(government, academia, industry, but also citizens). The identified challenges can serve
as an agenda to guide efforts for the sustainable advancement of Smart Cities in Brazil.
Smart Cities are Systems-of-Systems [[6] and one of the Grand Challenges in Information
Systems for the Decade 2016-2026 [2]. This work contributes for advancing this grand
challenge with updated data on the state of practice in smart city projects in Brazil. Future
work include a systematic review and further methodological procedures.

“Due to the space restrictions, discussion is not presented herein. It can be consulted in the
external supplementary document at https://ww2.inf.ufg.br/~valdemarneto/projects/
surveySmartCities.html
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