COLECAD

DESAFIOS

DAS

ENGENHARIAS:

ENGENHARIA ELETRICA 2

JOAD DALLAMUTA
HENRIOUE AJUZ HOLZMANN [/:\te!}mam
(ORGANIZADORES) Ano 2021



COLECAD

DESAFIOS

DAS

ENGENHARIAS:

ENGENHARIA ELETRICA 2

JOAD DALLAMUTA
HENRIOUE AJUZ HOLZMANN D:\teg}tgm
(ORGANIZADORES) Ano 2021



"
N

q
R
©
3
N
O
©
S
R
©
Q
©
2]
g
Qq

Jéncias

C

Editora chefe
Prof? Dr® Antonella Carvalho de Oliveira
Editora executiva
Natalia Oliveira
Assistente editorial
Flavia Roberta Bardo
Bibliotecaria
Janaina Ramos
Projeto grafico
Camila Alves de Cremo
Daphynny Pamplona
Luiza Alves Batista 2021 by Atena Editora
Maria Alice Pinheiro  Copyright © Atena Editora
Natéalia Sandrini de Azevedo Copyright do texto © 2021 Os autores
Imagens da capa Copyright da edicao © 2021 Atena Editora
iStock Direitos para esta edicdo cedidos a Atena
Edicdo de arte  Editora pelos autores.
Luiza Alves Batista Open access publication by Atena Editora

Todo o conteldo deste livro esta licenciado sob uma Licenca de
@ Atribuigao Creative Commons. Atribuigao-Nao-Comercial-

NaoDerivativos 4.0 Internacional (CC BY-NC-ND 4.0).

O contelido dos artigos e seus dados em sua forma, corre¢cdo e confiabilidade sdo de
responsabilidade exclusiva dos autores, inclusive nao representam necessariamente a posi¢ao
oficial da Atena Editora. Permitido o download da obra e o compartilhamento desde que sejam
atribuidos créditos aos autores, mas sem a possibilidade de altera-la de nenhuma forma ou
utiliza-la para fins comerciais.

Todos os manuscritos foram previamente submetidos a avaliagcdo cega pelos pares, membros
do Conselho Editorial desta Editora, tendo sido aprovados para a publicacdo com base em
critérios de neutralidade e imparcialidade académica.

A Atena Editora é comprometida em garantir a integridade editorial em todas as etapas do
processo de publicagao, evitando plagio, dados ou resultados fraudulentos e impedindo que
interesses financeiros comprometam os padrdes éticos da publicagao. Situacdes suspeitas de
ma conduta cientifica serao investigadas sob o0 mais alto padrao de rigor académico e ético.

Conselho Editorial

Ciéncias Exatas e da Terra e Engenharias

Prof. Dr. Adélio Alcino Sampaio Castro Machado - Universidade do Porto

ProF@ Dr® Ana Grasielle Dionisio Corréa - Universidade Presbiteriana Mackenzie

Prof. Dr. Carlos Eduardo Sanches de Andrade - Universidade Federal de Goias

Profe Dr® Carmen Lucia Voigt - Universidade Norte do Parana

Prof. Dr. Cleiseano Emanuel da Silva Paniagua - Instituto Federal de Educagao, Ciéncia e Tecnologia de
Goias

D:\tena

Editora

Ano 2021


https://www.edocbrasil.com.br/
http://lattes.cnpq.br/4403141053026782
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4138613J6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4276371U0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4257027Z4&tokenCaptchar=03AOLTBLRQwYrpUQNUiVQs5GKnu0UEeohCfS4gh6VQg4m9OCJBJGP1ipscv6rWqdQAm2ekIryWPICw4nrsj8zRvhV4KOCu_O7fKg8x16A4Q0frQhC4eXdGXjdlfaKY5_iCNOSxZdXwJf6mvSt7LxNHGYgrH3nvQ2GW02NNUnMijTh0P3XD2EKSRa6CPw-zJpSyX79my81mz0XfDpmLx1gKrLlyJOkZoxVmwZiB8Ef2UhunxkIromTYDmWKj1WB7amYH6FeKqP2g_CrxeS9rrMUCSa_TBvxDeuCGoS639pvbI96P_J6DrHpqui_qr2lwFwRESn0FURO5I0vvaS_eoBsIw0NpHkYMlacZ3AG5LBQ6dZCocE8fSPnNTEYLZ920AIxxvFsOztg4UlnlCxNtyQAlLK8yuUExFbn4w
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4220017Y9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4220017Y9

Prof. Dr. Douglas Gongalves da Silva - Universidade Estadual do Sudoeste da Bahia

Prof. Dr. Eloi Rufato Junior - Universidade Tecnolégica Federal do Parana

Prof? Dr® Erica de Melo Azevedo - Instituto Federal do Rio de Janeiro

Prof. Dr. Fabricio Menezes Ramos - Instituto Federal do Para

Prof® Dra. Jéssica Verger Nardeli - Universidade Estadual Paulista Jilio de Mesquita Filho
Prof. Dr. Juliano Carlo Rufino de Freitas - Universidade Federal de Campina Grande

Prof® Dr® Luciana do Nascimento Mendes - Instituto Federal de Educacado, Ciéncia e Tecnologia do Rio
Grande do Norte

Prof. Dr. Marcelo Marques - Universidade Estadual de Maringa

Prof. Dr. Marco Aurélio Kistemann Junior - Universidade Federal de Juiz de Fora

Prof® Dr® Neiva Maria de Almeida - Universidade Federal da Paraiba

Prof® Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof® Dr® Priscila Tessmer Scaglioni - Universidade Federal de Pelotas

Prof. Dr. Sidney Gongalo de Lima - Universidade Federal do Piaui

Prof. Dr. Takeshy Tachizawa - Faculdade de Campo Limpo Paulista

/1aS

q
R
©
3
W
O
©
S
R
©
Q
©
2]
g
Qq

Jéncias

C

D:\tena

Editora

Ano 2021



http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4138744E2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4798868A0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4252050Z6&tokenCaptchar=03AGdBq26OwUjfczJgpok-DhR78-_tg8mCtuc_kzOdu3fww-XkFeIGpZcxeQYR_lQjlru2zoBp9MaSwp6X-5o2KOEi_vtmcyIPkAOaR-MapG54dWG6zdfo1Am2FWOz1PLOuLmRiuW47XqJnozK7mGtmFri7W6RDjlyxm9gEHId_EG1bhArFgeqBA610tCpbHN9QsbtXAhrYqZkvRe4_gd77e_huLOm8x9zsu0tW2qJ6W6D8Y2GP66SDaz1Yh_QKnR8_TZlh9QtcC-OTeKPi3NB06bIFQNdSxHwLmb5B3ZYCiJ3k4p2cpPl6LkeIreU92cL5nLWqC2yOkPsupmW8RZR8Q0lkAleKMY9Hd3XlmAITir63s6d95SHqdoLA75owrR0nma3vrXxQgT9pkc1QvdCr5-B9vQupl7AAg
http://lattes.cnpq.br/0245575611603731
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4463907J8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4759660E9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4760729J2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4760729J2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4751834Y8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4537856E4&tokenCaptchar=03AGdBq25h8s4ah6wRNPrjprU34aYFel02dUO8rCfIm5Dqn0zx7x-SOFz8S9Cgi7nVgAOr9BtH4aO4sfkQ-E5jfY7GGAva11Lj54I5Ks81P3cOKDsR2L2bC57MFAdyQ5zkxGhYmdwiH1Ou1aKVPQsQ-PHWu6MVpgVCz4wNpL0wxSE9sCtO3vobB1j0oPGwrvE0YgAfmI2B_4HS3daHhCIVe74EBkUincgIXr2ekTFY3_lGSr3lm2KDnZynPE4OjNXYPSdvAEMZn443NnoKDEpMTl5pYsZYSymhhw9DVjloXcM_aE0VtRXDPCUpoOIFJGXMdh10Ys_CK3XixwjCY1n7Ui_aNUS2NhnIIhrRjabALTJgmg92Tgek1-ZOcY3yQBLsFnK7Rni2elPkXUm_qcZsnSgtUk6FDRiR34B6DWhPSaV96tv8YL8hB3ZFss4gR3HdF6M-vS7-mzr5mrLAbFhYX3q-SMLqRVsBYw
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4235887A8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4794831E6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4425040A8

Coleg@o desafios das engenharias: engenharia elétrica 2

Diagramagdo: Daphynny Pamplona
Corregdo: Flavia Roberta Barao
Indexagdo: Gabriel Motomu Teshima
Revisdo: Os autores
Organizadores: Joao Dallamuta
Henrique Ajuz Holzmann

"
N

q
R
©
3
W
O
©
S
R
©
Q
©
2]
g
Qq

Dados Internacionais de Catalogagé@o na Publicagao (CIP)

C691 Colecgao desafios das engenharias: engenharia elétrica 2 /
Organizadores Joao Dallamuta, Henrique Ajuz
Holzmann. - Ponta Grossa - PR: Atena, 2021.

Formato: PDF

Requisitos de sistema: Adobe Acrobat Reader
Modo de acesso: World Wide Web

Inclui bibliografia

ISBN 978-65-5983-556-0

DOI: https://doi.org/10.22533/at.ed.560211910

1. Engenharia elétrica. |. Dallamuta, Jodo
(Organizador). Il. Holzmann, Henrique Ajuz (Organizador). lIl.
Titulo.

CDD 621.3

Elaborado por Bibliotecaria Janaina Ramos - CRB-8/9166

Atena Editora

Ponta Grossa - Parana - Brasil
Telefone: +55 (42) 3323-5493
www.atenaeditora.com.br
contato@atenaeditora.com.br

éncias

A

/\

C

D:\tena

Editora

Ano 2021



http://www.atenaeditora.com.br/

"
N

q
R
©
3
W
O
©
S
R
©
Q
©
2]
g
Qq

Jéncias

C

DECLARACAO DOS AUTORES

Os autores desta obra: 1. Atestam nao possuir qualquer interesse comercial que constitua um
conflito de interesses em relacédo ao artigo cientifico publicado; 2. Declaram que participaram
ativamente da construcao dos respectivos manuscritos, preferencialmente na: a) Concepcao do
estudo, e/ou aquisi¢gao de dados, e/ou analise e interpretacao de dados; b) Elaboragao do artigo
ou revisao com vistas a tornar o material intelectualmente relevante; c) Aprovacao final do
manuscrito para submissao.; 3. Certificam que os artigos cientificos publicados estdo
completamente isentos de dados e/ou resultados fraudulentos; 4. Confirmam a citacao e a
referéncia correta de todos os dados e de interpretacdes de dados de outras pesquisas; 5.
Reconhecem terem informado todas as fontes de financiamento recebidas para a consecugao
da pesquisa; 6. Autorizam a edi¢do da obra, que incluem os registros de ficha catalogréfica,
ISBN, DOI e demais indexadores, projeto visual e criacao de capa, diagramac¢ao de miolo, assim

como langcamento e divulgacao da mesma conforme critérios da Atena Editora.

D:\tena

Editora

Ano 2021



"
N

q
R
©
3
W
O
©
S
R
©
Q
©
2]
g
Qq

Jéncias

C

DECLARAGAO DA EDITORA

A Atena Editora declara, para os devidos fins de direito, que: 1. A presente publicagao constitui
apenas transferéncia temporaria dos direitos autorais, direito sobre a publicacao, inclusive ndo
constitui responsabilidade solidaria na criacdo dos manuscritos publicados, nos termos
previstos na Lei sobre direitos autorais (Lei 9610/98), no art. 184 do Codigo Penal e no art. 927
do Cédigo Civil; 2. Autoriza e incentiva os autores a assinarem contratos com repositérios
institucionais, com fins exclusivos de divulgagdo da obra, desde que com o devido
reconhecimento de autoria e edigao e sem qualquer finalidade comercial; 3. Todos os e-book
sao open access, desta forma nao os comercializa em seu site, sites parceiros, plataformas de
e-commerce, ou qualquer outro meio virtual ou fisico, portanto, esta isenta de repasses de
direitos autorais aos autores; 4. Todos os membros do conselho editorial sao doutores e
vinculados a instituicdes de ensino superior pUblicas, conforme recomendacao da CAPES para
obtencao do Qualis livro; 5. Nao cede, comercializa ou autoriza a utilizagao dos nomes e e-mails
dos autores, bem como nenhum outro dado dos mesmos, para qualquer finalidade que nao o

escopo da divulgacao desta obra.

D:\tena

Editora

Ano 2021



APRESENTACAO

A engenharia elétrica tornou-se uma profissdo ha cerca de 130 anos, com o inicio
da distribuic@o de eletricidade em carater comercial e com a difusdo acelerada do telégrafo
em escala global no final do século XIX.

Na primeira metade do século XX a difusdo da telefonia e da radiodifuséo aléem do
crescimento vigoroso dos sistemas elétricos de producgéo, transmissao e distribuicdo de
eletricidade, deu os contornos definitivos para a carreira de engenheiro eletricista que na
segunda metade do século, com a difuséo dos semicondutores e da computacéo gerou
variagcoes de énfase de formagédo como engenheiros eletrénicos, de telecomunicagdes, de
controle e automacao ou de computagéao.

Produzir conhecimento em engenharia elétrica é portando pesquisar em uma gama
enorme de &reas, subareas e abordagens de uma engenharia que é onipresente em
praticamente todos os campos da ciéncia e tecnologia.

Neste livro temos uma diversidade de temas, niveis de profundidade e abordagens
de pesquisa, envolvendo aspectos técnicos e cientificos. Aos autores e editores,
agradecemos pela confianga e espirito de parceria.

Joédo Dallamuta
Henrique Ajuz Holzmann



SUMARIO

(071 =11 1 1] N0 X5 [T 1

PHOTODETECTOR OPTIC POWER OPTIMIZATION TO INCREASE THE GAIN ON SUB-
OCTAVE MICROWAVE PHOTONIC LINK

Naiara Tieme Mippo

Paulo Henrique Kiohara Acyoli Bastos

Felipe Streitenberger Ivo

Olympio Lucchini Coutinho

d_ https://doi.org/10.22533/at.ed.5602119101

(07,1 =11 1 1] N0 Y 20T 14

OPTOELECTRONIC SENSOR APPLIED TO FLOW RATE MEASUREMENTS ON OIL
AND GAS INDUSTRY

Alexandre Silva Allil

Fabio da Silva Dutra

Cesar Cosenza de Carvalho

Regina Célia da Silva Barros Allil

Marcelo Martins Werneck

d_ https://doi.org/10.22533/at.ed.5602119102

[07.Y =11 1 1] N0 X< JHUuu T 25

ANALISE DO ENVELHECIMENTO, PRECISAO E EXATIDAO EM SENSORES OTICOS
FBG E RFBG QUE MEDEM TEMPERATURAS ENTRE 5 °C E 60 °C POR 16 SEMANAS
Karoline Akemi Sato
Camila Carvalho de Moura
Antonio Carlos Ribeiro Filho
Luis Camilo Jussiani Moreira
Valmir de Oliveira

d_ https://doi.org/10.22533/at.ed.5602119103

(07,1 =11 1 1] N0 X0 N 38

EVALUACION PARA INVERSION CON OPTIMIZACION DE SECCION CONDUCTOR Y
TENSION DE DISTRIBUCION. APLICACION DE LOS ALGORITMOS DEL LEY DE KELVIN
Christian Arturo Ramirez Osorio
Enrique Buzarquis
Rodney Damian Farifia Martinez

d_ https://doi.org/10.22533/at.ed.5602119104

(071 =11 1 ] N0 Y- J00u T 55

STRATEGIES OF VOLTAGE CONTROL BASED IN FUZZY LOGIC ALGORITHMS WITH
ALTERNATIVE, CLEAN AND RENEWABLE GENERATION OPERATING WITH ANOTHER
CONVENTIONAL ELECTRIC GENERATION IN WITH RADIAL LOADS IN POWER
SYSTEMS STABILITY

Rodney Damian Farifia Martinez

Antonio Carlos Zambroni de Souza

Eliane Valenca Nascimento de Lorenci



d_ https://doi.org/10.22533/at.ed.5602119105

(071 =11 1 U] N0 Y- J00N oo 72

ESTUDOS DE TRANSITORIOS ELETROMAGNETICOS E ELETROMECANICOS” DA
ENERGIZACAO DA LT 500KV AYOLAS-VILLA HAYES SEM REATOR DESDE A CENTRAL
HIDRELETRICA ITAIPU

Elisandro Rodriguez Buzarquis

Rodney Damian Farifia Martinez

Anténio Carlos Zambroni de Souza

d_ https://doi.org/10.22533/at.ed.5602119106

[07.Y =11 1 1] N0 Y 200 86

TRANSMISSAO DE ENERGIA SEM FIO POR MEIO DE ACOPLAMENTO MAGNETICO
RESSONANTE COM METAMATERIAIS CONVENCIONAIS E SUPERCONDUTORES
Arthur Henrique de Lima Ferreira
Lucas Douglas Ribeiro
Rose Mary de Souza Batalha

d_ https://doi.org/10.22533/at.ed.5602119107

(071 =11 1 1] W0 X: J0Uuu o 96

DEGRADACAO POR POTENCIAL INDUZIDO (PID): REVISAO
Hellen Ferreira Barreto Miranda
Luan Peixoto da Costa
Stefhany Oliveira Soares
Jonathan Velasco da Silva

d.) https://doi.org/10.22533/at.ed.5602119108

CAPITULO 9.ttt eeeeeeeseeeeeeeesnsasssasasenesensnsasasasasessssnsnsasassanasenensnsasassssssnanenes 108

CAPACITOR BANK ALLOCATION IN DISTRIBUTION SYSTEMS USING THE DISCRETE
PSO ALGORITHM

Luis Henrique Chouay Dall’ Agnese

Carlos Roberto Mendonca da Rocha

d.) https://doi.org/10.22533/at.ed.5602119109

CAPITULO 10...eeeceeeeeeeeeeeseseseseeesesssssasasssssssesensssasasssssssssessnsasasssssssensssnsssassssssessenes 119

DESIGN OF A TRANSMISSION-LINE METAMATERIAL WITH A NEGATIVE INDEX
OF REFRACTION AT S-BAND

Lucas Douglas Ribeiro

Juscelino Junior de Oliveira

Arthur Henrique de Lima Ferreira

Rose Mary de Souza Batalha

d.! https://doi.org/10.22533/at.ed.56021191010

(07 =11 1 1] W0 15 & 129
RADIO PROPAGAQAO E MODELAGEM PARA UMA PONTE SOBRE O RIO TOCANTINS



PARA LTE
Alaim de Jesus Leédo Costa
Thiago Eleuterio da Silva
Diego Kasuo Nakata da Silva
Leslye Estefania Castro Eras

d_' https://doi.org/10.22533/at.ed.56021191011

CAPITULO 12.eeeeeeeeeeeeeeereseseeeeseeesssssasssssssssesensasasassssssssensnsasassssasensssnsasassssssssssns 141

TESTES DE IMUNIDADE CONTRA SURTOS ELETRICOS EM ELETRODOMESTICOS
Gustavo Oliveira Cavalcanti
Marcilio André Félix Feitosa
Kayro Féllyx Henrique Pereira
Manoel Henrique da Nobrega Marinho
Antonio Samuel Neto
Lucas de Carvalho Sobral
Pollyana Maria Ramos Goncalves
Douglas Thiago Moreira Lara
Thiago Francisco Gomes
Renato Jardim Teixeira
Wagner Almeida Barbosa

d.! https://doi.org/10.22533/at.ed.56021191012

(07 =11 1] oI5 < TN 152

AUTOMAGAO DA ILUMINAGAO E EFICIENCIA ENERGETICA EM EDIFICAGOES - O
SISTEMA DE CONTROLE DE ILUMINAGAO DALI: UM ESTUDO DE CASO

Marcos Noboru Kurata

Enio Carlos Segatto

d.! https://doi.org/10.22533/at.ed.56021191013

(07 =11 1 1] W0 J5 1 VO 163

INFLUENCIA DAS VARIAVEIS AMBIENTAIS E CONSTRUTIVAS NO EIXO DO ROTOR
EOLICO

Leonardo Pavan

Evandro André Konopatzki

Cristiane Liongo de Oliveira

d_ https://doi.org/10.22533/at.ed.56021191014

(07 =11 1 1] W0 15 - J0 T 172

VIABILIDADE DO SISTEMA FOTOVOLTAICO NA REGIAO DO RECONCAVO DA BAHIA
Gabriel Garcia Bastos de Almeida
Luanna Valéria Sousa Fonseca
Andréa Jaqueira da Silva Borges

d.) https://doi.org/10.22533/at.ed.56021191015
SOBRE OS ORGANIZADORES ........cocerumsmrnamnmnnsssssssssssssssssssssssssssssssssnsssssssssenss 183
INDICE REMISSIVO......ocumeueenressessesssesssessssssesssessssssessssssssssesssessssssesssessssssesasessaes 184




CAPITULO 9

CAPACITOR BANK ALLOCATION IN DISTRIBUTION
SYSTEMS USING THE DISCRETE PSO ALGORITHM

Data de aceite: 01/10/2021

Luis Henrique Chouay Dall’ Agnese
Faculdade Unigo das Américas - UNIAMERICA
Foz do Iguacgu - PR
http://lattes.cnpq.br/1502220513099067

Carlos Roberto Mendonca da Rocha
Universidade Estadual do Oeste do Parana
Foz do Iguacu - PR
http://lattes.cnpq.br/4658529903411274
https://orcid.org/0000-0002-0711-2668

ABSTRACT: This chapter presents an article
whose subject seeks to define the optimal
allocation of capacitors for reactive power flow
planning in distribution power system. The
problem is based on a mathematical model that
minimizes the operation and investment cost,
where a sensitivity index and the lowest voltage
are used to select the buses for allocation. A
Particle Swarm Optimization (PSO) algorithm
adapted to a discrete version is used to find
the best quantity and location of the capacitor
bank (CB). As a result, there was a reduction in
power loss and an improvement in the voltage
profile even with the addition of CB. The method
is applied in the 10 and 34 bus system. The
proposed algorithm presented a good solution
compared to other optimization techniques
presented in the literature.

KEYWORDS: Power systems, Power distribution,
Reactive Power Planning.
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ALOCAGAO DE BANCO DE
CAPACITORES EM SISTEMAS DE
DISTRIBUICAO USANDO ALGORITMO
DE PSO DISCRETO

RESUMO: Este capitulo apresenta um artigo
cujo assunto procura por definir a alocacao 6tima
de capacitores para o planejamento do fluxo de
poténcia reativa no sistema de distribuicdo de
energia. O problema € baseado em um modelo
matematico que minimiza o custo de operagédo
e investimento, onde um indice de sensibilidade
e as barras de menor tensdo sao utilizados
para selecionar as barras a serem alocadas. E
utilizado um algoritmo de Otimizacdo de Enxame
de Particulas (PSO) adaptado para uma verséao
discreta para encontrar a melhor quantidade
e localizagdo do banco de capacitores (CB).
Como resultado, houve uma redugdo na perda
de poténcia e uma melhora no perfil de tensao
mesmo com a adicdo do CB. O método é
aplicado no sistema de 10 e 34 barras. O
algoritmo proposto apresentou boa solu¢do em
comparagao com outras técnicas de otimizagéo
apresentadas na literatura.

PALAVRAS-CHAVE: Sistemas de Poténcia,
Sistemas de Distribuicdo, Planejamento de
Poténcia Reativa.

11 INTRODUCTION

The power grid is a set of equipment
responsible for transporting electricity from
one point to another, to ensure that consumers
have access to electricity as pleased, and it is
managed by electrical utility distribution. Besides

Capitulo 9



continuous power supply, quality assurance is in the utility purview, meaning that the voltage
levels shall be within limits established in technical standards for operating a distribution
system (DS) (WILLIS, 2004).

During the years of operation, it is not possible to accurately predict the growth of the
consumed load by the system, which leads to a reduction in the voltage profile of the grid and
an increase in the power losses of electrical system (PEREIRA JUNIOR, 2009).

The DS is highly responsible for power losses in electrical power systems, and it has
a low-voltage regulation. This issue is within the context of DS operation planning, which
seeks to encounter a preferable operating scenario, aiming at minimizing costs. In this regard,
several strategies are researched that reduces power loss in the grid, such as the use of
distributed generation, the allocation of voltage regulators and the setup of capacitor banks
(CB) (PRASAD REDDY P, 2014). The use of CB is a technique inserted within reactive power
planning and usually employed to solve these problems (PRASAD REDDY P, 2014).

The allocation of CB is justified by the fact that these devices improve the grid voltage
profile, leading to a more horizontal profile and thus improving the quality of the energy
delivered to the consumer. Besides that, as they are inserting reactive power into the grid,
they reduce the apparent power flow in the system, and this leads to lower electrical losses
(TABARES, 2016). However, mistaken the CB insertion location as well as its quantity may
worsen the system voltage profile and increase active power losses (DIXIT, 2016).

Thus, CB allocation can be handled as a combinatorial optimization problem,
where there is a finite yet very large set of feasible solutions. For such problems, computer
optimization algorithms are often employed, such as metaheuristics that do not guarantee a
global solution to the problem, however, are efficient in finding high quality solutions without a
high computational expense (DOS SANTOS PEREIRA, 2018).

For this problem, the literature shows a variety of algorithms that can be applied, such
as Plant Growth Simulation Algorithm (RAO, 2008), Particle Swarm Optimization (DIXIT,
2016), Swarm robotics search & rescue algorithm, Genetic Algorithm (KALANTARI, 2011),
Evolutionary Algorithms, Cuckoo Search Algorithm (PRASAD REDDY P, 2014), Gravitational
Search Algorithm, Whale Optimization Algorithm (NEAGU, 2017), among others. The
metaheuristic technique employed in this paper was the Particle Swarm Optimization (PSO),
however, due to the nature of the problem, this algorithm has been adapted to work with
discrete variables.

On the basis thereof, this paper presents an algorithm capable of reactive power
planning of a power distribution system, through CB allocation. The algorithm is guided
through an objective function that seeks to reduce the active power losses of the system,
combined with a lower investment cost of CB setup.

The descriptions of mathematical model employed, the metaheuristic technique for
objective function minimization, the adaptation of the technique to solve the problem, the
results obtained, and the conclusion are described in the next sections.
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21 MATERIALS AND METHODS

This section describes in detail the mathematical model, aspects, formulation,
adaptation of the meta- heuristic technique employed and a flowchart of the proposed
algorithm. The mathematical formulation will be presented below.

The objective function evaluation that guides the PSO algorithm in search of the best
location to insert CB is based on the following mathematical model.

minZ = KpPp + Y12 Kc,Qc; (1)

—dp; =YY, Pij+ Py i€n @)
—dg;+Ney Qg =3V, Qi; +Q;; i E€ENKEN (3)
Pyj = V2gij = ViVigi; * cos(8; = 6;) = ViVjby j * sen(6; — ;. (4)
Qij = —Vibij — ViVjgi * cos(6; — 6;) + V;Vjb; ; = sen(6; — 6;) ()
Sij < Smax (6)

Vv < Vi < Vyax (7)

The first equation represents the function whose goal is to minimize two cost terms: the
first of these is related to the system operation, which seeks to minimize the costs with active
power losses, the second refers to investments in equipment where it looks for to minimize
the cost of setting-up CB. In the equation, K, ($/kW) and K, ($/kvar) represents the cost for
active power loss in the system and the cost of setting- up capacitor banks on bus i, P, (kW)
represents the total value of active power losses, Q, (kvar) represents the reactive power of
CB installed on bus i, and NB represents the set of system buses that has a CB connected
to them.

The objective function is subject to a set of equality and inequality constraints. Within
the equality constraints, (2) and (3) represents the system active and reactive power balance,
where dpi and dqi represents the active and reactive power demands on bus i/, respectively,
?f;f and QJU represents the active and reactive power flow that flows from bus i to bus j,
respectively, N refers to the set of system buses, N, represents the number of CB installed
on bus kand Qindicates the base power each bank can inject into the system.

Expressions (4) and (5) represents the equation of active and reactive power usage in
line, respectively, V. and ©, represents the magnitude and the angle of bus voltage i/ and, 9,
and b ;; represents the conductance and susceptance of line connecting bus ito bus j.

Regarding inequality constraints, (6) represents the apparent power limit on the line,
which cannot exceed a maximum value, and (7) indicates the minimum and maximum voltage
level limits on buses.

The optimization technique used is based on the particle cooperative movement within
a swarm, like bird’s flights, seeking the best solution for optimization problems (KENNEDY,
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1995). The particles of PSO algorithm moves in three terms: the inertia term, which quantifies
the particles tendency not to change direction, that is, keep its own movement, the cognitive
term, which quantifies the particle tendency to follow the best path it has ever found, and the
social learning term, which quantifies the particle tendency to follow the best path the entire
swarm has already found, that is, the best position found.

Each particle carries two pieces of information: the number of CB to be installed and
the candidate bus for receiving the devices, thereby defining the solution. Thus, at each
iteration, the particles swarm moves within the solution space, seeking the best possible
position. The position of each particle and the speed with which it moves are represented
through expression (8).

Vit =wop + el (9% = pp) + c2 * (Gvese — Pp) (8)

In (8), the first part refers to the inertia term, where v{, indicates the velocity of particle
piniteration jand wis the particle inertia index. The central expression indicates the cognitive

learning term, where c1 is the cognitive learning index, P,’,’e“

is the best position where
the particle p has ever been, pli, is the position of particle p in iteration i. And the last part
shows the global learning term, where c2 is the global learning index and Jpest is the best
position, any particle has ever been. The position of each particle represents the number of
CB connected to bus i, where each CB is capable to provide a total of 150 kvar.

The PSO algorithm was designed to solve problems with continuous variables,
however, the goal of this problem is to establish the number of CB that will be connected in
each bus. Thus, the algorithm required adaptation so that it could work with discrete variables.
The authors (KENNEDY, 1997) who initially developed PSO, also presents a way to discretize

variables in PSO algorithms, which is based on the formulation presented below.

1
f=—m 9)
1+e P
i+1_ (1L f=rand
Pp 1_{0, f <rand (10)

Equation (9) represents the Sigmoid Function which is responsible for establishing
the particles velocity between 0 and 1, thus, equation (10) performs a draw to determine the
logical level that represents that speed. The relation of this coding to the position vector of
each particle is illustrated below.

=101 2 3 4 5]:[

Som
oro
(S
= oo
= o e

] (1)

Equation (11) shows that each particle position is now represented by a binary vector,
to use integer variables in discrete optimization problems. In addition, the position speed of
each particle is also represented by a vector, so expressions (9) and (10) are used for each

element of position matrix.
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The definition of which system buses are candidates for insertion of CB is guided by

two indicators presented below.

2Q; i
LSF; = =5 (12)
Norm; = 0‘% 13)

Equation (12) indicates the Losses Sensitivity Factor on bus i (LSF,), where r
represents the resistance of the line connecting bus to bus, and (13) represents a vector that
normalizes voltage values on the buses. Both equations represent the criteria used to select
the candidate buses for the CB installation. Firstly, the LSF is calculated and descending
ordered, then are selected the buses whose corresponding normalization vector is greater
than 1.01. The quantity definition and which are the candidate buses for CB allocation helps
reduce the solving problem space (RAO, 2008).

A schematic diagram with the running steps of the algorithm is illustrated in Figure
1, which shows the execution process of the algorithm. The position of each particle is used
to evaluate the objective function, so these values are compared to the best positions each
particle has ever been, and with the best position the whole swarm has ever been. If these
positions lead to a better value of the objective function, its stored. The best positions of each
particle are used in equation (8) for updating the velocity of each particle.

31 RESULTS AND DISCUSSIONS

The proposed algorithm was evaluated in test systems presents in literature, and the
results compared with those obtained by other authors. For the algorithm execution, algebraic
modeling software GAMS was used, with the CONOPT solver. In both cases, 10 particles, 50
iterations, K, = 168 $/kW, w = ¢1 = ¢2 = 1 were used, and the substation bus was chosen as
a system voltage reference with value of 1£.0° [p.u].
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!

Set Candidate Buses and
Maximum Reative Power

|

‘ Initialize PSO Particles

‘ Objective Function Evaluation ‘47

‘ Evaluate pp..: and gpees

‘ Update the position and velocity

( End )

Figure 1 - Algorithm Flowchart.

Table 1 shows the available CBs that were considered in this test. The algorithm was

written such manner that CBs with best cost-benefit ratio were used first, that is, the smallest

values from the third column of Table 1.

Power (kvar) Cost ($) Ratio ($/kvar)
1200 2040 1.7
900 1650 1.833
600 1320 2.2
450 1140 2.533
300 975 3.25
150 750 5

Table 1 - Available Capacitor.
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The 10-bus system operates at 23 kV and has a total load of 12368 kW and 4186 kvar.
System data is available at (HAMADA, 2008). Figure 2 illustrates the system configuration.
Table 2 indicates which system buses were considered in the optimization process, as well as
the amount of CB to be installed. Table 3 shows a comparison between the base case where
there is no CB installed, the results obtained by (DIXIT, 2016) and (HAMADA, 2008) and those
found in this test. Figure 3 shows a comparison between system voltage levels before and
after CB allocation.

1 2 3 4 5 6 7 8 9 10

Figure 2 - 10-Bus System Configuration.

Results
Candidate B0O4 B05 B06 B09 B10
Buses
Installed Banks 10 12 8 0 2
Table 2 - Installed Capacitors 10-Bus System.
Base Case (DIXIT, 2016) (HAMADA, 2008) Discrete PSO
Power Loss (kW) 783.78 703.97 684 681.57
Operation Cost (3$) 131674.9 118226.96 114912 114503.76
Reactive Tot.
(kvar) 0 2850 5400 4800
'”Sta"a(té‘)’” Cost 0 588 1199.4 939
Total Cost ($) 131674.9 118854.96 116111.4 115441.98
VMIN 0.838 0.873 0.9 0.878
VMAX 0.993 0.995 - 0.997

Table 3 Comparison of Obtained Results 10-Bus System.

According to Table 3 it is possible to notice that there was a 13% reduction in active
power losses decreasing as at 102.21 kW. In addition, the total reactive power shows that a
large amount of CB are not required, but this amount must be allied to the smart choice of
installation buses.

The 34-bus system operates at 11 kV and has a total load of 4636.5 kW and 2873.5 kvar.
System data is available at (HAMADA, 2008). Figure 4 illustrates the system configuration.
Table 4 shows the CBs installed on the system buses, as well as the considered options.
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Table 5 shows a comparison between the base case, where no CB is installed, the results
obtained by (DIXIT, 2016) and (HAMADA, 2008) and those found in this paper. Figure 5 shows

a comparison between system voltage levels before and after CB allocation.

Voltage Profile - 10 Bus System

T T T

T T

Before Allocation

0.98 After Allocation

0.96

0.94

0.92

)
=
£ 09 |
2
0.88 |
0.86 |
0.84 |
0.82 L L L L L L L L
1 2 3 4 5 6 7 8 9 10
Bus
Figure 3 Voltage Profile 10-Bu s System.
Results
Candidate Buses B19 B20 B21 B22 B23
Installed Banks 6 0 4 1 0
Candidate Buses B24 B25 B26 B27 -
Installed Banks 0 1 0 1 -
Table 4 - Installed Capacitors 34-Bus System.
Base Case (DIXIT, 2016) (HAMADA, 2008) Discrete PSO
Power Loss (kW) 221.71 168.37 158 166.94
Operation Cost (3$) 37249.19 28286.16 26544 28045.36
Reactive Tot. (kvar) 0 1950 3000 2100
Installation Cost (3$) 0 521.7 1365 544.5
Total Cost ($) 27249.19 28807.86 27909 28589.86
VMIN 0.9417 0.9502 0.951 0.9504
VMAX 0.9941 0.9950 - 0.9950

Table 5 - Comparison of Obtained Results 34-Bus System.
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Figure 4 - 34-Bus System Configuration.

Voltage Profile - 34 Bus System
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Figure 5 - Voltage Profile 34-Bus System.

Analyzing Table 5 it was observed that there was a reduction of 24.7%, that is,

54.78

kW in active power losses. In addition, the total determined reactive power shows, as well

as the 10-bus system, that a large amount of CB is not required, but that amount must be

consistent with the smart choice of installation buses.

Figure 5, as well as Figure 3, shows that CB allocation, furthermore, to reducing active

power losses, leads to an improvement to grid voltage profile, which means a better operating

point for the system.
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41 CONCLUSION

This chapter presents an article that presents the solution of a cost minimization
problem of a DS for the optimal allocation of CB using adapted PSO metaheuristic technique
for discrete variable problems. The algorithm used was evaluated in tests systems presents
in literature and compared with other optimization techniques. In general, the discrete PSO
algorithm showed itself robust, presenting excellent performance. Furthermore, it was efficient
in determining the quantity and location of installation of the CB on the electrical grid, with
low total costs, reducing operation and investment costs and minimizing active power losses.
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