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ABSTRACT

Electric energy is used for the most diverse purposes, in situations where its supply is
interrupted, the importance of systems capable of automating the energy restoration
process is evident. For electricity generation and transmission, the country has a main
system (a set of plants, transmission lines and distribution assets): the National
Interconnected System (SIN). This immense “electric highway” covers most of the
Brazilian territory and consists of connections made over time, from installations initially
restricted to exclusively serving the regions of origin. Therefore, this article aims to
investigate the studies proposed on Smart Grid in the last ten years on the Web of
Science. For this, it adopted a bibliometric analysis seeking to identify the articles
published in the period by source, research area, countries, authors and the most cited
works in addition to the h-b index, the hot topics related to the theme. The results reveal
that publications in the area have gradually increased over time and that most research
has been published in countries with relevance in international trade, as well as countries
with a high use of advanced information technologies.

Keywords: Energy Management; Smarts Grids; Web Of Science.

RESUMO

A energia elétrica é utilizada para os mais diversos fins, em situacdes onde o0 seu
fornecimento € interrompido, evidencia-se a importancia de sistemas capazes de
automatizar o processo de restabelecimento da energia. Para geracao e transmissao de
energia elétrica, o pais conta com um sistema (conjunto composto por usinas, linhas de
transmissao e ativos de distribui¢cdo) principal: o Sistema Interligado Nacional (SIN). Essa
imensa “rodovia elétrica” abrange a maior parte do territério brasileiro e é constituida
pelas conexdes realizadas ao longo do tempo, de instalagdes inicialmente restritas ao
atendimento exclusivo das regides de origem. Sendo assim, este artigo tem como objetivo
investigar os estudos propostos sobre Smart Grid nos ultimos dez anos na Web of
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Science. Para isso, adotou uma analise bibliométrica procurando identificar os artigos
publicados no periodo por fonte, area de pesquisa, paises, autores e os trabalhos mais
citados além do indice h-b os hot topics relacionados ao tema. Os resultados revelam
que as publicacdes na area tém aumentado gradativamente ao longo do tempo e que a
maioria das pesquisas foram publicadas em paises com relevancia no comercio
internacional além de paises com elevado uso de tecnologias de informacao avancadas.

Palavras-chave: Gestao Energética, Smarts Grids, Web Of Science.

1 INTRODUCTION

Electric energy is used for the most diverse purposes, being fundamental for the economy,
when the supply is interrupted, the importance of systems capable of automating the
process of its restoration is evidenced. The electric energy transmission system is
fundamental for the strategy of the economy, telecommunications, transport, industrial
activities, among others.

This immense “electrical network” covers most of the Brazilian territory and is made up of
connections made over time, from installations initially restricted to exclusive service in
the regions of origin. In addition, there are several smaller systems, not connected to the
SIN and, therefore, called Isolated Systems, which are mainly concentrated in the Amazon
region, in the North of the country. This is because the geographic characteristics of the
region, consisting of dense and heterogeneous forest, in addition to large and flowing
rivers, made it difficult to build large transmission lines that would allow the connection to
the SIN (AGENCY NATIONAL ELECTRICITY, ANEEL, 2016) .

Smart Grids emerge to assist in the need to modernize the electrical grid, making it more
ecological and with better energy use, they are more autonomous and allow to increase
the effectiveness and efficiency of energy delivery, utilities can use the existing
infrastructure and minimize the need to build more power plants and substations. For

Tuballa and Abundo (2016), smart grids emerge to enable renewable energy resources
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to be securely connected to the grid and, consequently, to complement the energy supply
to customers, through the generation and storage of distributed energy.

Given the above, this article aims to investigate the proposed studies on Smart Grids in
the last ten years in the Web of Science, this research is justified by the fact that smart
grids are a great tool to assist in energy management in the world, in addition, grids
Intelligent electric utilities are used in new electricity distribution projects in Brazil,
confirming the importance of this study.

Therefore, it is intended, in addition to contributing to the dissemination of Smart Grids in
the country, also to instigate the interest of academia and other sectors of society by
knowing a little more about the subject considering its importance in terms of sustainable
development, aiming at the correct use and distribution electricity generated in Brazil and
in the world.

2 SMART ELECTRIC NETWORKS: SMARTS GRIDS

The literature currently available on the term "smart grid" shows a wide range of
publications as we will see below. To meet the needs of this research, three databases
were used to search for scientific articles: CAPES dissertation and theses catalog, IEEE

explorer and the Web of Science.

2.1 SMART GRID CONCEPT AND CHARACTERISTICS

Smart Grids arise with the need to modernize the electrical network, making it more
ecological and with better energy use. As Smart Grids are more autonomous and make it
possible to increase the effectiveness and efficiency of energy delivery, utilities can use
existing infrastructure and minimize the need to build more power plants and substations.
For Tuballa and Abundo (2016), smart grids emerge to enable renewable energy
resources to be securely connected to the grid and, consequently, to complement the

energy supply to customers, through the generation and storage of distributed energy.

Revista Administracdao de Empresas Unicuritiba.
[Received/Recebido: Janeiro 20, 2022; Accepted/Aceito: Fevereiro 22, 2022]
Este obra esta licenciado com uma Licenca Creative Commons Atribuicdo-NdoComercial 4.0 Internacional.



http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

- —

-»

| . . —
[ - = . X /
ADMINISTRACAO DE e-issn: 2316-7548

EMPR_E SAS EM REVISTAVV_{

. = —4
- : - -
=

CENTRO UNIVERSITARIO CURITIBA - UNICURITIBA - VOLUME 1 - NUMERO 27/2022 - CURITIBA/PR - PAGINAS 252 A 275

For Sharma and Saini (2015), a Smart Grid is an electricity grid that can intelligently
integrate the actions of all users connected to it, efficiently providing sources of
economical and safe electricity, in addition to generating information that can serve for
future decisions. As for Purkayastha and Savoie (1990), a Smart Grid refers to a state-of-
the-art network that integrates information technology to the existing electrical grid,
seeking to optimize and add energy efficiency to the grid, through a bidirectional exchange
of information on electricity between suppliers and consumers in real time.

Tubala and Abundo (2016), in their study, state that Smart Grid does not have a
universally accepted definition, which can be described in a simple or more complex way,
depending on the reason for which it is being applied. For the authors, in a simplified way,
Smarts Grids is an intelligent network capable of storing, communicating and making
decisions. The Smart Grid system transforms the current grid into a new grid that works
in a more cooperative, responsive and organic way.

According to the National Institute of Standards and Technology (NIST), the Smart
Grid is a system that integrates several technologies, both in the areas of computing,
communication and engineering, as well as services for the infrastructure of the electric
power system. Smart electric grids enable the integration of residential systems, reducing
operating costs, such as the time to detect network failures. ASmart Grid can be better
understood when viewed alongside the traditional grid. Cavdar (2004) made a good
comparison between the two structures. A general summary of the characteristics of the

two networks is presented in frame 1.

CURRENT NETWORK SMART GRID
Real-time bidirectional
scanning/communication
Centralized power generation Distributed power generation
Scattered Network; Large volumes of
data involved

Mechanization / One-way Communication

Radial Network/Less data involved

Small number of sensors Many sensors and monitors
Less or no automatic monitoring Grande monitoramentoautomatico
Manual control and recovery Automatic control and recovery
Less worries about security and privacy Prone to security and privacy issues
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Human attention to system interruptions /
Simultaneous production and consumption
of energy / electricity / Limited control
Slow response to emergencies/ Fewer user | Quick response to emergencies/ Wide
options User Choices
Frame 1 - The traditional electric grid versus the smart grid Source:
Adapted from Cavdar (2004).

Adaptive Protection/Use of Storage
Systems

For Wessel (2015), smart grids or intelligent electrical networks employ an
extensive set of innovative technologies and services such as monitoring, control and
intelligent communication, in order to reduce costs and increase reliability and
transparency. Smart electric networks are the modernization of the Electric Power
System, bringing with them new paradigms, features and characteristics as described by
Ghansah (2009) and Ferreira (2010).

Smart grids also allow for the inclusion of the prosumer concept, which defines the
customer not only as a consumer, but also as a producer. The micro-generation and
distributed generation of electricity in local units of the consumer, makes it an energy
producer. Energy that is not consumed locally can be injected into the distributor's system.
This injected energy will be converted into credits that can be deducted from consumption
in subsequent months (ANEEL, 2014).

In the smart grid, according to Amini, Hasanpour and Jalali (2016), customers have
access to electricity consumption and price data through smart meters. Thus, they are
able to participate in demand response (DR) programs. With the application of Smart Grid,
customers will be active parts of the network, being able to check available information
about the price of electricity and make wise decisions regarding their daily electricity
consumption (FARHANGI, 2010). These facts encourage customers to consume less
energy during peak hours (BAHRAMI ; PARNIANI ; VAFAEMEHR, 2012).

2.1.1 Benefits of Smart Grids

According to Ramos (2012), an intelligent power grid stands out for using
information technologies to facilitate the administration and management of the

conventional power grid. Smart Grids aim to modernize the electrical network, which over
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the years has shown a discreet evolution. According to Toledo (2012), smart grids provide
a technological advance for the management sphere, providing new data to the system,
which will enable real-time actions in the equipment present in the generation and
distribution of electricity.

The Smart Grid value chain will provide an active participation of the consumer in
the management of their energy, enabling utilities to assess the benefits and demands
needed to adapt to the new reality (TOLEDO, 2012). Itis also a great opportunity to further
strengthen the relationship between concessionaires and customers, whose participation
will be essential for the success of such practices (SHARMA; SAINI, 2015).

The implementation of Smart Grids will benefit society as a whole, not just utilities.
The practices adopted for its implementation and the results achieved are strategic and
in the interest of the entire society (DELGADO, 2017; BERNARDON et al, 2015; SHARMA
; SAINI, 2015). Toledo (2012) states that the benefits of smart grid technology extend to
various market players, such as customers, the environment, regulatory bodies and the
national electricity system.

Regarding customers, Toledo, Gouvéa and Riella (2012) state that the application
of this new device will allow the provision of new services, offering a more agile decision-
making, mainly through maintenance and remote service, in addition to enabling the
customer monitoring of the different degrees of electrical energy received. The concept of
smart electricity grids also expands the number of interaction channels between the utility
and the consumer. Many advocates of smart grids cite some or all of the attributes below
as representative of their promise, pointing to them as benefits, Frame 2 presents this

data.

Efficient Able to meet growing consumer demand without adding infrastructure
Accepting energy from virtually any energy source, including solar and

Easy wind, as easily and transparently as coal and natural gas; able to
Integration | integrate any and all better ideas and technologies (energy storage
technologies, for example), as they are market proven and ready to go
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Enable real-time communication between the consumer and the utility,
motivator | so that consumers can adapt their energy consumption based on
individual preferences, such as price and/or environmental concerns

Create new opportunities and markets through your ability to capitalize
on innovation where and when appropriate

Able to provide the necessary power quality, free from sags, spikes,
Focus on | disturbances and disruptions, to drive our increasingly digital economy

opportunist

quality and the data centers, computers and electronics needed to make it
work
. Increasingly resistant to attacks and natural disasters as it becomes
Security

more decentralized and reinforced with smart grid security protocols
Slowing the advance of global climate change and offering a genuine
Green path to significant environmental improvement in the impact of
electricity serving humanity

Frame 2 - Attributes of Smart Grids

Source: Adapted from El-hawary (2014).

In other words, the possibilities that are generated from the application of Smart
Grids are vast in the advent of modern technology and increase the interdependence
among network users. Smart grids can provide a platform capable of maximizing reliability,
availability, efficiency, economic performance and greater security against naturally

occurring attacks and power outages (RIEDMULLER et al, 2008).

2.1.2 Some Impediments and Limitations of Smart Grids

For El-hawary (2014), the electrical power system presents a diversity of network
needs. In some systems, well delimited and geographically concise, it is possible to use
communication through reliable wired means. For example, fiber optics. Generation
Systems is a classic example where this is possible. However, in distribution systems,
due to the large number of devices and their high geographic dispersion, the
implementation of this communication network becomes a more complex task (GTREI,
2010).

Toledo, Gouvéa and Riella (2012) report the need for electricity concessionaires to
deal with the challenges of the current grid in meeting the demand for smart grids, in

addition to preparing for the probable advance of technology in the area of electricity.
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With the advancement of technology, Smarts Grids become, every year, more
accessible to the final consumer. But there are still several challenges to be overcome.
To overcome the obstacles mentioned in this session, a lot of technological advances will
be needed, where academic research will have to be present. The creation of new
renewable energy programs may support the changes that will take place in the modes of
transmission and storage of energy. The fact is that the need for using smart grids is

growing continuously.

2.2 BIBLIOMETRY

The bibliometric study has existed since 1829 in Russia and the first research that
used this technique was published in 1917, by Cole and Eales, who carried out a study of
publications between 1550 and 1860 (CANCHUMANI, 2015).

Beginning in the 20th century, bibliometrics arises from the need to study and
evaluate scientific production and communication activities. It consists of the application
of statistical and mathematical methods that aim to describe aspects of literature and other
means of communication, performing a quantitative analysis of information (ARAUJO,
2006).

According to Canchumani (2015), the term bibliometrics was proposed by Alan
Pritchard in 1969, referring to the application of mathematical and statistical methods to
books and other means of communication. Over the years, bibliometrics has expanded its
field of action to a smaller scale, demanding a refinement in the treatment of information
and the design of more objective and more varied indicators (CANCHUMANI, 2015, p.
42).

The bibliometric research model does not focus only on measurement, but also on
understanding the contextualization of production and its authors, establishing a
partnership between theoretical approaches and bibliometric techniques (ARAUJO,

2006). The purpose of using bibliometrics is to analyze the scientific production published

Revista Administracdao de Empresas Unicuritiba.
[Received/Recebido: Janeiro 20, 2022; Accepted/Aceito: Fevereiro 22, 2022]
Este obra esta licenciado com uma Licenca Creative Commons Atribuicdo-NdoComercial 4.0 Internacional.



http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

—-

-»

e i3 v < '/,
ADMINISTRACAO DE c-issn: 2316-7548

- -

EM PRESAS EM REVI STA

. . e
CENTRO UNIVERSITARIO CURITIBA - UNICURITIBA - VOLUME 1 - NUMERO 27/2022 - CURITIBA/PR - PAGINAS 252 A 275

in books, articles. These researches admit an evaluation of the registered information and
provide statistical and mathematical models, becoming powerful tools to analyze
referential data and generate subsidies for its monitoring (VANTI, 2002; SANTOS;
RAUSCH, 2009).

3. RESEARCH METHOD

The present study proposes, from a bibliometric research, to analyze the proposed
works on Smarts Grids in the last 10 years. This type of research seeks, through the
quantification of written documents, to identify trends and possible patterns in scientific
production in a given area.

Quevedo-Silva et al. (2016) comment that bibliometric articles are a commonly
adopted practice in research in applied social sciences, the application of which helps to
understand new themes and may contribute to identifying trends for future work.
According to Marcelo and Hayashi (2013), its main characteristic is to generate indices of
scientific knowledge production and its use is based on the investigation of the behavior
of knowledge and literature as a component of communication processes.

Furthermore, this work is a descriptive approach, as it seeks to describe
characteristics of a particular phenomenon (VERGARA, 2015), as well as to identify,
obtain information and describe the characteristics of a particular issue (COLLIS;
HUSSEY, 2005). As a data collection plan, the base chosen for this was the Web Of
Science of the Institute for Scientificinformation (I1SI).

ISI was founded in 1960 by Eugene Garfield and later — in 1992 — was acquired by
Thomson Reuters Corporation, this year in which it began to be known as Thomson-ISI
(GOMES, 2010; ALBAGLI, 2013). According to Pinto and Fausto (2012), the Web Of
Science is a worldwide reference in terms of scientific journals, Motke, Ravanello and
Rodrigues (2016) corroborate that it is a multidisciplinary database that indexes only the
most cited journals in their respective areas. Capes (2000) emphasizes that, via the Web
of Science, tools are available for analyzing citations, references, the h index, which

makes bibliometric analysis possible.
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Soon after choosing the referred database, the keywords defined as search
parameters were remanufacturing and general theoryof systems, delimiting the following
fields: (a) selection by topic; (b) articles only; and (c) published in the last 10 years (2009
to 2018). In all, 10681 publications were located in the period. Then, for analysis purposes,

the items listed in frame 4 were identified.

Journal
Area
countries
Universities
h-b index
authors
with more
publications
most
cited articles

Frame 4: Total articles published per year
Source: Prepared by the authors based on research data (2020).

4. ANALYSIS OF RESULTS

The research results show the main characteristics of scientific production related
to the term Smarts Grids. Among the types of scientific productions, the full article
published in annals of events was the most used (5,787 published articles) followed by
articles in journals (3,107 processes) and expanded abstract (228 published articles),
other types were also found as review of procedures , editorial among others. From the
survey carried out in the Web of Science database, it is possible to identify in table 5 the

total number of articles published in the period.

Year The
amount
2011 544
2012 765
2013 774
2014 1000
2015 1107
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2016 1149
2017 1264
2018 1323
2019 1355
2020 1400

Quadro 5: Total de artigos publicados por ano
Fonte: Elaborado pelos autores com base nos dados da pesquisa
(2020).

The analysis of Frame 6 shows the peak of production in the year 201920, and
production is still in an increasing phase. Table 6 shows the ten journals with the largest

publications related to Smarts Grids.

N° | Journal Amount

1 IEEE TRANSACTIONS ON SMART GRID 378

2 |IEEE POWER AND ENERGY SOCIETY GENERAL MEETING | 256
PESGM

3 | INTERNATIONAL CONFERENCE ON SMART GRID | 219
COMMUNICATIONS

4 ||IEEE PES INNOVATIVE SMART GRID TECHNOLOGIES | 188
CONFERENCE EUROPE

5 | ENERGIES 153

6 | IEEE ACCESS 116

7 | RENEWABLE SUSTAINABLE ENERGY REVIEWS 107

8 | IEEE TRANSACTIONS ON INDUSTRIAL INFORMATICS 103

9 | INTERNATIONAL JOURNAL OF ELECTRICAL POWER ENERGY | 83
SYSTEMS

10 | IEEE INTERNATIONAL CONFERENCE ON COMMUNICATIONS 82

*Obs.: exibicdo dos primeiros 10 registros.
Frame 6: Journal
Source: Prepared by the authors based on research data (2020).

The journal with the greatest amount of production is “IEEE TRANSACTIONS ON
SMART GRID” with 378 works. The magazine "IEEE POWER AND ENERGY SOCIETY
GENERAL MEETING PESGM" presents the second largest volume of works (256 works),
in third is the conference "INTERNATIONAL CONFERENCE ON SMART GRID
COMMUNICATIONS" with 219. It is noted that the engineering area is predominant
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among the top ten journals, in the complete survey, another 80 journals presented at least

one publication. Frame 7 presents the areas of published articles.

N° | Area Amount
1 | ENGINEERING 6.431
2 | COMPUTER SCIENCE 3.218
3 | ENERGY FUELS 2.225
4 | TELECOMMUNICATIONS 1.817
5 | AUTOMATION CONTROL SYSTEMS 675

6 | SCIENCE TECHNOLOGY OTHER TOPICS | 485

7 ENVIRONMENTAL SCIENCES ECOLOGY | 212
8 | MATERIALS SCIENCE 171
9 INSTRUMENTS INSTRUMENTATION 167
10 | PHYSICS 144

*Obs.: exibicdo dos primeiros 10 registros.
Frame 7: Total articles published by research area
Source: Prepared by the authors based on research data (2020).

Analyzing Table 7, the data show that the great area of knowledge in Engineering
dominates publications — with 6,431 articles — thus, it allows us to infer that they are the
most interested in the subject. The Computer Science area presents the second largest
volume, most of its articles link the Smart Grid with the internet of things. The Energy and
Fuels area is the third largest producer as it is interested in studying the good use of
energy and the Smart Grid can help in this process. Next, Frame 8 includes the main

countries that publish works.

N° | Paises Amount
1 | Estados Unidos da América | 2.006
2 | China 1.805
3 | india 683
4 | Canada 603
5 | Alemanha 490

6 | Italia 490

7 | Inglaterra 402

8 | Austrélia 337

9 | Coréia do Sul 314
10 | Ira 284
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Frame 8: Total de artigos publicados por pais
Source: Prepared by the authors based on research data (2020).

Regarding publications by countries, Table 8 shows that the United States of
America and China lead the ranking - with 2,006 and 1,805 articles - respectively,
precisely the two countries with great interest in reducing costs and energy use, both
seeking intelligently use the electricity networks they have. Europe has three countries
among the ten largest producers. For Xue et al (2018), European countries suffer for not
having hydroelectric sources for energy generation and research in renewable and
intelligent energy is growing on the continent. Brazil is a country with hydroelectric
potential and appears as the 16th country with the largest production of the topic
addressed. For Wade (2019), Brazil has the potential to be a great energy supplier if it
applies resources in the adhesion of Smarts Grids. The ten largest universities are listed

below (Frame 9).

N° Universidades Amount
1 CHINESE ACADEMY OF SCIENCES 171
2 NORTH CHINA ELECTRIC POWER UNIVERSITY 164
3 COMSATS UNIVERSITY ISLAMABAD CUI 152
4 | INDIAN INSTITUTE OF TECHNOLOGY SYSTEM IIT SYSTEM 149
5 STATE UNIVERSITY SYSTEM OF FLORIDA 143
6 STATE GRID CORPORATION OF CHINA 107
7 UNITED STATES DEPARTMENT OF ENERGY DOE 103
8 UNIVERSITY OF CALIFORNIA SYSTEM 91
9 SHANGHAI JIAO TONG UNIVERSITY 89
10 AALBORG UNIVERSITY 87

*Obs.: exibicdo dos primeiros 10 registros.
Frame 9: Total articles published by University
Source: Prepared by the authors based on research data (2020).

The "CHINESE ACADEMY OF SCIENCES" is the largest producer on the subject,
presenting about 171 works, most of the studies aimed at saving electricity in industrial
use, for Toledo (2012) China, as a major global producer, is studying new ways of reduce
energy consumption in the generation of new products. The fact that the country is the

second largest producer of research in the area of smart electricity grids means that it also
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has the second university with the largest volume of studies (164), which points to
investments in university research in this area. Among the ten universities, four are from
the United States of America and four from China, by the way two great world powers.
The next section presents the “h-b” and “m” indices pointing out the hot topics related to

remanufacturing.

4.1 H-B INDEX

At this stage, publications involving remanufacturing and its main topics were
investigated. Based on a previous analysis of the works found in the Web of Science, 21
topics related to the theme were selected. Table 10 lists the result of combining each of
these topics with the term “Smart Grid”, and the total number of publications for each

combination and the index “h-b” are calculated.

No Topico Amount | indice h-
e b
1 ENGINEERING ELECTRICAL ELECTRONIC 5.747 4.1
2 ENERGY FUELS 2.225 2.8
3 TELECOMMUNICATIONS 1.817 2.6
4 COMPUTER SCIENCE INFORMATION SYSTEMS 1.206 2.3
5 COMPUTER SCIENCE THEORY METHODS 1.117 2.21
6 | COMPUTER SCIENCE HARDWARE ARCHITECTURE 831 1.97
7 AUTOMATION CONTROL SYSTEMS 675 1.9
8 COMPUTER SCIENCE ARTIFICIAL INTELLIGENCE 536 1.85
9 COMPUTER SCIENCE INTERDISCIPLINARY 501 1.8
APPLICATIONS
10 GREEN SUSTAINABLE SCIENCE TECHNOLOGY 217 0.9

Quadro 10: Total de artigos publicados e o indice h-b
Fonte: Elaborado pelos autores com base nos dados da pesquisa (2020).

Banks (2006) states that for a given topic to be considered a “hot topic”, the index
“‘m” must be greater than or equal to 2, which indicates that it has great relevance for
research in the area. Thus, the first five topics shown in table 10 are qualified as hot topics.
The others, according to Banks (2006), can become a "hot topics" as a research area

since the remaining items have an index greater than 0, 5 and less than 2.
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4.2 ANALYSIS AMONG AUTHORS WITH THE MOST PUBLICATIONS AND THE MOST
CITED ARTICLES

Table 11 shows the list of articles published by authors in the period analyzed
(2010-2019). It was observed that, in the last ten years, the greatest exponent of authors

in the number of published works involving the theme is concentrated in Asia.

N©° authors Amount
1 JAVAID N 88
2 ZHANG Y 71
3 | MOUFTAH HT 49
4 KUNDUR D 41
5 VALE Z 41
6 | GUNGOR VC 40
7 LI HS 40
8 LU RX 39
9 LIUY 37
10 POOR HV 37

Obs.: exibicdo dos primeiros 10 registros
Quadro 11: Total de artigos publicados por autores
Fonte: Elaborado pelos autores com base nos dados da pesquisa (2020).

It can be seen in Table 11 that JAVAID N - professor of computer science at the
University Islamabad - and Zhang Y professor at the Harbin Instituteof Technology, are
the researchers who stand out with works on smart grids in the last decade, with 88 and
71 articles published, respectively. The vast majority of teachers in the top 10 are located

in Asia. Table 12 shows the most cited articles in the Web of Science database.

N©° Article Total
Quotes
1 | Cognitive Radio for Smart Grids: Survey of Architectures, Spectrum 166
Sensing Mechanisms, and Networking Protocols

Por: Khan, Athar Ali; Rehmani, Mubashir Husain; Reisslein,
MartinlEEE COMMUNICATIONS SURVEYS AND TUTORIALS
Volume: 18 Edicdo: 1 PA4ginas: 860-898 Publicado: 2016
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2 | Integration of electric vehicles in smart grid: A review on vehicle to grid 158
technologies and optimization techniques

Por: Tan, Kang Miao; Ramachandaramurthy, Vigna K.; Yong, Jia
YingRENEWABLE& SUSTAINABLE ENERGY REVIEWS

Volume: 53 Paginas: 720-732 Publicado: JAN 2016

3 | Areview of the development of Smart Grid technologies 154
Por: Tuballa, Maria Lorena; Abundo, Michael Lochinvar
RENEWABLE & SUSTAINABLE ENERGY REVIEWS
Volume: 59 Paginas: 710-725 Publicado: JUN 2016
4 | A review of residential demand response of smart grid 145
Por: Haider, Haider Tarish; See, Ong Hang; Elmenreich, Wilfried
RENEWABLE & SUSTAINABLE ENERGY REVIEWS

Volume: 59 Paginas: 166-178 Publicado: JUN 2016

5 | A survey on smart metering and smart grid communication 144
Por: Kabalci, Yasin

RENEWABLE & SUSTAINABLE ENERGY REVIEWS
Volume: 57 Paginas: 302-318 Publicado: MAY 2016
6 | Smart Grids: A Cyber-Physical Systems Perspective 136
Por: Yu, Xinghuo; Xue, Yusheng

PROCEEDINGS OF THE IEEE

Volume: 104 Edicdo: 5 Edicéo especial Paginas: 1058-
1070 Publicado: MAY 2016

7 | Distributed Event-Triggered Scheme for Economic Dispatch in Smart 127
Grids

Por: Li, Chaojie; Yu, Xinghuo; Yu, Wenwu; et al.

IEEE TRANSACTIONS ON INDUSTRIAL INFORMATICS

Volume: 12 Edicdo: 5 PA4ginas: 1775-1785 Publicado: OCT 2016
8 | From Demand Response in Smart Grid Toward Integrated Demand 120
Response in Smart Energy Hub

Por: Bahrami, Shahab; Sheikhi, Aras
IEEE TRANSACTIONS ON SMART GRID

Volume: 7 Edicdo: 2 Edicéo especial: SI Paginas: 650-
658 Publicado: MAR 2016
9 | Electric vehicle fleet management in smart grids: A review of services, 111

optimization and control aspects

Por: Hu, Junjie; Morais, Hugo; Sousa, Tiago; et al.
RENEWABLE & SUSTAINABLE ENERGY REVIEWS
Volume: 56 Paginas: 1207-1226 Publicado: APR 2016
10 | The Smart Transformer Impact on the Electric Grid and Technology 106
Challenges

Por: Liserre, Marco; Buticchi, Giampaolo; Andresen, Markus; et al.
IEEE INDUSTRIAL ELECTRONICS MAGAZINE

Volume: 10 Edicdo: 2 Paginas: 46-58 Publicado: JUN 2016

*Obs.: exibicdo dos primeiros 21 registros.
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Quadro 12: Artigos mais citados no periodo
Fonte: Elaborado pelos autores com base nos dados da pesquisa (2020).

5. FINAL CONSIDERATIONS

Brazil is a country with almost 205 million inhabitants, according to estimates by
the Brazilian Institute of Geography and Statistics (IBGE), and stands out as the fifth most
populous nation in the world. For electricity generation and transmission, the country has
a main system (a set of power plants, transmission lines and distribution assets): the
National Interconnected System (SIN). This immense “electric highway” covers most of
the Brazilian territory and is made up of connections made over time, from installations
initially restricted to exclusive service to the regions of origin. In addition, there are several
smaller systems, not connected to the SIN and, therefore, called Isolated Systems, which
are mainly concentrated in the Amazon region, in the North of the country. This is because
the geographic characteristics of the region, consisting of dense and heterogeneous
forest, in addition to large and flowing rivers, made it difficult to build large transmission
lines that would allow the connection to the SIN (AGENCY NATIONAL ELECTRICITY,
ANEEL, 2016) .

Even with its importance, electrical networks have evolved little since they were
created. However, energy demand is increasing and will grow even more in the coming
years. In addition, the relationship between electricity concessionaires and their
customers is still restricted. In addition to these issues, energy sustainability and
environmental preservation, since as cities and nations become more technologically
advanced, electricity consumption rises to levels that may not be manageable without
surveillance.

The analysis of publications on the Smart Grid Web of Science database between
2010 and 2019 revealed the presence of 9,281 articles, the vast majority of which belong
to the Engineering area. From the analysis of the results, it was found that Javaid and
Zhang are the authors with the largest number of papers published in the period and that

Revista Administracdao de Empresas Unicuritiba.
[Received/Recebido: Janeiro 20, 2022; Accepted/Aceito: Fevereiro 22, 2022]
Este obra esta licenciado com uma Licenca Creative Commons Atribuicdo-NdoComercial 4.0 Internacional.



http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

—-

-»

e i3 v < '/,
ADMINISTRACAO DE c-issn: 2316-7548

- -

EM PRESAS EM REVI STA

. . e
CENTRO UNIVERSITARIO CURITIBA - UNICURITIBA - VOLUME 1 - NUMERO 27/2022 - CURITIBA/PR - PAGINAS 252 A 275

the Chinese Academy of Sciences and North China Electric Power University are the ones
that have published the most studies involving the subject studied.

Among the periodicals, the ones that stand out are: IEE Transactionson Smarts
Grid and IEEE Power and Energy Society General Meeting PESGM. It was also found
that the United States leads the ranking of countries that have published the most studies
related to the Smart Grid and the predominant language in the works is English. When
the year of publications was analyzed, it was noticed that there was a significant increase
in the number of works that make intelligent electrical networks during the period
analyzed, demonstrating this topic has gained importance in academia.

In the course of the work, it was possible to ascertain the usefulness of the Web of
Science database search tool for academic research, which can be considered an
important tool to aid researchers seeking information in their area of interest.

As a limitation of this study, the use of only one specific database stands out.
Therefore, as a suggestion for future studies, it is recommended to increase the range of
sources, such as the use of other databases that also include academic events, both
national and international, in addition to other sources of scientific data. Another
suggestion is to carry out a qualitative analysis of the most cited works in the proposed

period.

REFERENCIAS

ALBAGLI, S. (Org.). Fronteiras da ciéncia da informagao. Brasilia: IBICT, 2013.
AGENCIA NACIONAL DE ENERGIA ELETRICA (ANEEL). Nota Técnica n° 0050/2016-

SRD/ANEEL. 19 de abril de 2016. Disponivel em:
http://www.aneel.gov.br/aplicacoes/consulta_publica/documentos..pdf. Acesso em:set de
20109.

BAHRAMI, M ; PARNIANI, A; VAFAEMEHR, A. Modified approach for residential load
scheduling using smart meters. Proc. Int. Conf. Innov. Smart Grid Technol. (ISGT),
Berlin, Germany. 2012.

BANKS, M. G..An extension of the hirsch index: indexing scientific topics and
compounds. Scientometrics, 69(1), 161-168, 2006.

Revista Administracdao de Empresas Unicuritiba.
[Received/Recebido: Janeiro 20, 2022; Accepted/Aceito: Fevereiro 22, 2022]
Este obra esta licenciado com uma Licenca Creative Commons Atribuicdo-NdoComercial 4.0 Internacional.



http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

—-

-»

e i3 v < '/,
ADMINISTRACAO DE c-issn: 2316-7548

EM PRESAS EM REVI STA

P - - —4 - ':'f%
” < o KR:
- )

CENTRO UNIVERSITARIO CURITIBA - UNICURITIBA - VOLUME 1 - NUMERO 27/2022 - CURITIBA/PR - PAGINAS 252 A 275

BERNARDON, D.P. Distribuicdo De Energia Elétrica Analise De Sistemas De
Distribuicdo. Monografia(Engenharia Elétrica)Universidade Federal Do Pampa, 2010.

CAPES - Coordenacédo de Aperfeicoamento de Pessoal de Nivel Superior. Acervo.
Brasilia, 2000. Recuperado em 22 dezembro, 2017, de
https://www.periodicos.capes.gov.br/?option=com_pcollection&mn=70&smn=79&cid=81
CAVDAR H. A solution to remote detection of illegal electricity usage via power line
communications.IEEE Trans Power Deliv 2004.

COLLIS, J. & HUSSEY, R..Pesquisa em administracdo:um guia pratico para alunos
de graduacéo e p6s-graduacao. 2. ed. Porto Alegre: Bookman, 2005.

COLMENAR, S ; PEREZ, M ; BORGE, D ; PEREZ. Reliability and management of
isolated smart-grid with dual mode in remote places : application in the scope of
great energetic needs.Electr Power Energy Syst 2015

EL-HAWARY, M. The Smart Grid—State-of-the-art and Future Trends, Electric Power
Components and Systems, 2014. Disponivelem DOI:10.1080/15325008.2013.868558,
acessoem set 2019.

EUROBAT. E-Mobility Battery R&D Roadmap 2030 ,Battery Technology for Vehicle
Applications, . 2015. Disponivel em: https://eurobat.org/
sites/default/files/eurobat_emobility roadmaplores_1.pdf. Acesso em: outl de 2019.

EUROPEAN TECHNOLOGY PLATFORM (ETP). The European Technology Platform
Smart Grids. Smart grids: strategic deployment document for Europe's electricity
networks of the future n.d.
Disponivelem:www.smartgrids.eu/documents/SmartGrids_SDD_FINAL_APRIL2010.
Pdf, acessoemjan de 2020.

FARHANGI, H. The path of the smart grid. IEEE Power Energy Mag., vol. 8, no. 1, pp.
18- 28, Jan. 2010.

FERREIRA, M. C. A. F. Perspectivas e Desafios para a Implantacdo das Smarts Grids:
um estudo de caso dos EUA, Portugal e Brasil. Rio de Janeiro, 2010. Disponivel em:
. Acesso em: mar. 2020

GHANSAH, I. Smart Grid Cyber Security PotentialThreats, VulnerabilitiesAndRisks.
PIER, 2009. Disponivel em: . Acesso em: ago. 2019.

GOMES, V. P. O editor de revista cientifica: desafios da pratica e da formacgéao.
Informacao&Informagéo, 15(1), 147-172, 2010.

Revista Administracdao de Empresas Unicuritiba.
[Received/Recebido: Janeiro 20, 2022; Accepted/Aceito: Fevereiro 22, 2022]
Este obra esta licenciado com uma Licenca Creative Commons Atribuicdo-NdoComercial 4.0 Internacional.



http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

—-

ADMINISTRACAO DE e-issn: 2316-7548

EM PRESAS EM REVI STA

e -
- 3

D : = _ P e
CENTRO UNIVERSITARIO CURITIBA - UNICURITIBA - VOLUME 1 - NUMERO 27/2022 - CURITIBA/PR - PAGINAS 252 A 275

HART, D. How advanced metering can contribute to distribution automation. IEEE
Smart Grid. Disponivelem:smartgrid.ieee.org/august-2012/644-how-advancedmetering-
cancontribute-to-distribution-automation, acessoem out de 2019.

HE, Q; BLUM, R. Smart grid fault detection using locally optimum unknown or
estimated direction hypothesis test.Energy Procedia 2011. Disponivel em http:
//dx.doi.org/10.1016/j.egypro.2011.10.024, acesso em jan de 2020.

HOWLADER, H, MATAYOSHI H, SENJYU T. Distributed generation incorporated with
the thermal generation for optimum operation of a smart grid considering forecast
error. Energy ConversManag 2015. Disponivel em:
http://dxdoi.org/10.1016/j.enconman.2015.02.087, acesso Dez de 2019.

KOBUS, C. A real-life assessment on the effect of smart appliances for shifting
households' electricity demand. Appl Energy 2015. Disponivel em:
http://dx.doi.org/10.1016/j.apenergy.2015.01.073. Acesso em jan de 2020.

LIU, J ; GAO, J ; XIAO, Y ; LIANGW ; CHEN, C.L.P, A survey of
communication/networking in smart grids. Future Gener Comput System 2012.
Disponivel em: http://dx.doi.org/10.1016/j.future.2011.04.014. Acesso em fev de 2020.

MAHMOOD, A. Home appliances coordination scheme for energy management
using wireless sensor networks in smart grids. Procedia ComputSci 2014. Disponivel
em: http://dx.doi.org/10.1016/j.procs.2014.05.449. Acesso em jan de 2020.

MARCELO, J. F. ; HAYASHI, M. C. P. I.. Estudo bibliométrico sobre a producéo
cientifica no campo da sociologia da ciéncia. Informacéo & Informacao, 18(3), 138-
153, 2013.

MOTKE, F. D.; RAVANELLO, F. S. ; RODRIGUES, G. O. Teoria institucional: um
estudo bibliométrico da ultima década na Web Of Science. Contextus, 14(2), 63-86,
2016.

NISTOR S ; WU, J ; SOORIYABANDARA, M ; EKANAYAKE, J. Capability of smart
appliances to provide reserve services. Appl Energy 2015. Disponivel em:
http://dx.doi.org/ 10.1016/j.apenergy.2014.09.011. Acesso em Jan de 2020.

OZGE, D ; RAMIREZ, E ; JOSE, M.. An automated method for estimating reliability
of grid systems using Bayesian networks. ReliabEng Syst Saf 2012.

PENYA, Y.K ; NIEVES, J.C ; ESPINOZA, A ; BORGES, C.E ; PENA, A ; ORTEGA, M.
Distributed semantic architecture for smart grids. Energies 2012. Disponivel em:
http://dx.doi.org/10.3390/en5114824. Acesso: Dez de 2019.

Revista Administracdao de Empresas Unicuritiba.
[Received/Recebido: Janeiro 20, 2022; Accepted/Aceito: Fevereiro 22, 2022]
Este obra esta licenciado com uma Licenca Creative Commons Atribuicdo-NdoComercial 4.0 Internacional.



http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

> 7 e — = e = S . 4
‘db ADMINISTRACAO DE o, T A

EM PRESAS EM REVI STA

=" =

@
e ol
i Ve

CENTRO UNIVERSITARIO CURITIBA - UNICURITIBA - VOLUME 1 - NUMERO 27/2022 - CURITIBA/PR - PAGINAS 252 A 275

e - == - a

PINTO, A. L. ; FAUSTO, S. Revistas internacionales para el area de laciencia de
lainformacion:  otravision mas allhA de lo sistema Qualis/Capes.
Informacao&Iinformacéo, 17(3), 23-48, 2012.

PURKAYASTHA | ; SAVOIE P. Effect of harmonics on power measurement. IEEE
Trans IndAppl, 1990.

QUEVEDO-SILVA, F.; SANTOS, E. B. A.; BRANDAO, M. M.: VILS, L. Estudo
bibliométrico: orientacdes sobre sua aplicacdo. BrazilianJournalof Marketing, 15(2),
246- 262, 2016.

RAMOS, M.J.S. Metodologia para analise da coordenacdo e letividade de
dispositivos de protecdo durante reconfiguracdes de redes de distribuicao.
Dissertacdo (Mestrado em Engenharia Elétrica) Universidade Federal de Santa Maria,
2012.

SHARMA, K ; SAINI, L.M.. Performance analysis of smart metering for smart
grid. Elsevier Ltd. All rights reserved. 2015. Disponivelem: overview
http://dx.doi.org/10.1016/j.rser.2015.04.1701364-0321. Acessoemjan de 2020.

SOHAR H ; SALAM, M ; AZIZ A ; ALWAELI, A.H. ; KAZEM, H.A. Optimal sizing of
photovoltaic systems using; 2014.

TOLEDO, f, Desvendando as redes elétricas inteligentes, Rio de Janeiro, Brasport,
2012.

U.S. DEPARTMENT OF ENERGY. Demand response n.d. Disponivel
em:http://energy.gov/oe/technology-development/smart-grid/demand-response.
Acessoem Out de 20109.

U.S. DEPARTMENT OF ENERGY. The modern grid: a vision for the smart grid v2,
2009. Disponivel em: www.netl.doe.gov/smartgrid. Acesso em Abr de 2020.

VAN DER KAM, M ; VAN SARK, W. Smart charging of electric vehicles with
photovoltaic power and vehicle-to-grid technology in a microgrid ; a case
study.Appl Energy 2015.Disponivel em:
http://dx.doi.org/10.1016/j.apenergy.2015.04.092. Acesso em Jan de 2019. VERGARA,
S. C.. Métodos de pesquisa em administracdo. 6. ed. Sao Paulo: Atlas, 2015.

WADE, L. Tesla’s electric cars aren’t as Green as you might think. Wired, 2016.
Disponivel em: https://www.wired.com/2016/03/teslas-electric-cars-might-not-green-
think/. Acesso em: abr de 2020.

Revista Administracdao de Empresas Unicuritiba.
[Received/Recebido: Janeiro 20, 2022; Accepted/Aceito: Fevereiro 22, 2022]
Este obra esta licenciado com uma Licenca Creative Commons Atribuicdo-NdoComercial 4.0 Internacional.



http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

—-

= s .
ADMINISTRACAO DE

e-issn: 2316-7548

EMPRESAS EM REVISTAZV

" - -

CENTRO UNIVERSITARIO CURITIBA - UNICURITIBA - VOLUME 1 - NUMERO 27/2022 - CURITIBA/PR - PAGINAS 252 A 275

WESSEL, P. Seguranca cibernética e redes de comunicacdo em sistemas SCADA
no contexto de smart grid. Trabalho de Conclusdo de Curso (Tecnélogo em Redes de
Computadores) Colégio Técnico Industrial de Santa Maria, 2015. XIA ; LUO ; CHAN 2014

XUE, X ; WANG, S ; YAN, C; CUI, B.A fast chiller power demand response control
strategy for buildings connected to smart grid.Appl Energy 2015. Disponivel em:
http://dx.doi.org/10.1016/j.apenergy.2014.09.084. Acesso out de 2019.

Revista Administracdao de Empresas Unicuritiba.
[Received/Recebido: Janeiro 20, 2022; Accepted/Aceito: Fevereiro 22, 2022]
Este obra esta licenciado com uma Licenca Creative Commons Atribuicdo-NdoComercial 4.0 Internacional.



http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

