





%)
IS

<
c
)
Q
Ay
QO
N
N
\
3
(b}
(%)
R
N

/éenclas

C

Editora Chefe
Prof? Dr® Antonella Carvalho de Oliveira
Assistentes Editoriais
Natalia Oliveira
Bruno Oliveira
Flavia Roberta Barao
Bibliotecaria
Janaina Ramos
Projeto Gréfico e Diagramagao
Natalia Sandrini de Azevedo
Camila Alves de Cremo
Luiza Alves Batista
Maria Alice Pinheiro
Imagens da Capa 2020 by Atena Editora
Shutterstock  Copyright © Atena Editora
Edicdo de Arte  Copyright do Texto © 2020 Os autores
Luiza Alves Batista  Copyright da Edicao © 2020 Atena Editora
Revisdo Direitos para esta edicdo cedidos a Atena
Os Autores  Editora pelos autores.

Todo o conteldo deste livro esta licenciado sob uma Licenca de
@@@@ Atribuicdo  Creative =~ Commons.  Atribuicado-Nao-Comercial-
NaoDerivativos 4.0 Internacional (CC BY-NC-ND 4.0).

O conteldo dos artigos e seus dados em sua forma, correcdo 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 avaliagdo cega pelos pares, membros
do Conselho Editorial desta Editora, tendo sido aprovados para a publicacao.

A Atena Editora é comprometida em garantir a integridade editorial em todas as etapas do
processo de publicagao. Situagdes suspeitas de ma conduta cientifica serao investigadas sob o
mais alto padrao de rigor académico e ético.

Conselho Editorial

Ciéncias Humanas e Sociais Aplicadas

Prof. Dr. Alexandre Jose Schumacher - Instituto Federal de Educagao, Ciéncia e Tecnologia do
Parana

Prof. Dr. Américo Junior Nunes da Silva - Universidade do Estado da Bahia

Prof. Dr. Antonio Carlos Frasson - Universidade Tecnoldgica Federal do Parana

Prof. Dr. Antonio Gasparetto Junior - Instituto Federal do Sudeste de Minas Gerais

Prof. Dr. Antonio Isidro-Filho - Universidade de Brasilia

IZ\tena

Editora

Ano 2020



%)
IS

<
c
)
Q
Ay
QO
N
N
\
3
(b}
(%)
R
N

/éncias

C

Prof. Dr. Carlos Antonio de Souza Moraes - Universidade Federal Fluminense

Prof® Dr? Cristina Gaio - Universidade de Lisboa

Prof. Dr. Daniel Richard Sant’Ana - Universidade de Brasilia

Prof. Dr. Deyvison de Lima Oliveira - Universidade Federal de Rondénia

Prof® Dr? Dilma Antunes Silva - Universidade Federal de Sao Paulo

Prof. Dr. Edvaldo Antunes de Farias - Universidade Estacio de Sa

Prof. Dr. Elson Ferreira Costa - Universidade do Estado do Para

Prof. Dr. Eloi Martins Senhora - Universidade Federal de Roraima

Prof. Dr. Gustavo Henrique Cepolini Ferreira - Universidade Estadual de Montes Claros
Prof® Dr? lvone Goulart Lopes - Istituto Internazionele delle Figlie de Maria Ausiliatrice
Prof. Dr. Jadson Correia de Oliveira - Universidade Catélica do Salvador

Prof. Dr. Julio Candido de Meirelles Junior - Universidade Federal Fluminense

Prof? Dr? Lina Maria Goncalves - Universidade Federal do Tocantins

Prof. Dr. Luis Ricardo Fernandes da Costa - Universidade Estadual de Montes Claros
Prof® Dr* Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof. Dr. Marcelo Pereira da Silva - Pontificia Universidade Catélica de Campinas
Prof® Dr® Maria Luzia da Silva Santana - Universidade Federal de Mato Grosso do Sul
Prof® Dr* Paola Andressa Scortegagna - Universidade Estadual de Ponta Grossa

Prof® Dr® Rita de Cassia da Silva Oliveira - Universidade Estadual de Ponta Grossa
Prof. Dr. Rui Maia Diamantino - Universidade Salvador

Prof. Dr. Urandi Jodo Rodrigues Junior - Universidade Federal do Oeste do Para

Prof* Dr? Vanessa Bordin Viera - Universidade Federal de Campina Grande

Prof. Dr. William Cleber Domingues Silva - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Willian Douglas Guilherme - Universidade Federal do Tocantins

Ciéncias Agrarias e Multidisciplinar

Prof. Dr. Alexandre Igor Azevedo Pereira - Instituto Federal Goiano

Prof® Dr® Carla Cristina Bauermann Brasil - Universidade Federal de Santa Maria
Prof. Dr. Antonio Pasqualetto - Pontificia Universidade Catélica de Goias

Prof. Dr. Cleberton Correia Santos - Universidade Federal da Grande Dourados
Prof? Dr® Daiane Garabeli Trojan - Universidade Norte do Parana

Prof? Dr? Diocléa Almeida Seabra Silva - Universidade Federal Rural da Amazdnia
Prof. Dr. Ecio Souza Diniz - Universidade Federal de Vicosa

Prof. Dr. Fabio Steiner - Universidade Estadual de Mato Grosso do Sul

Prof. Dr. Fagner Cavalcante Patrocinio dos Santos - Universidade Federal do Ceara
Prof® Dr® Girlene Santos de Souza - Universidade Federal do Reconcavo da Bahia
Prof. Dr. Jael Soares Batista - Universidade Federal Rural do Semi-Arido

Prof. Dr. Julio César Ribeiro - Universidade Federal Rural do Rio de Janeiro

Prof? Dr? Lina Raquel Santos Araujo - Universidade Estadual do Ceara

Prof. Dr. Pedro Manuel Villa - Universidade Federal de Vigosa

Prof® Dr® Raissa Rachel Salustriano da Silva Matos - Universidade Federal do Maranhao
Prof. Dr. Ronilson Freitas de Souza - Universidade do Estado do Para

Prof® Dr? Talita de Santos Matos - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Tiago da Silva Teéfilo - Universidade Federal Rural do Semi-Arido

Prof. Dr. Valdemar Antonio Paffaro Junior - Universidade Federal de Alfenas

Q\tena

Editora

Ano 2020



%)
IS

<
c
)
Q
Ay
QO
N
N
\
3
(b}
(%)
R
N

/éncias

C

Ciéncias Biologicas e da Salide

Prof. Dr. André Ribeiro da Silva - Universidade de Brasilia

Prof® Dr? Anelise Levay Murari - Universidade Federal de Pelotas

Prof. Dr. Benedito Rodrigues da Silva Neto - Universidade Federal de Goias

Prof® Dr* Débora Luana Ribeiro Pessoa - Universidade Federal do Maranhao

Prof. Dr. Douglas Siqueira de Aimeida Chaves -Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Edson da Silva - Universidade Federal dos Vales do Jequitinhonha e Mucuri

Prof® Dr® Eleuza Rodrigues Machado - Faculdade Anhanguera de Brasilia

Prof® Dr* Elane Schwinden Prudéncio - Universidade Federal de Santa Catarina

Prof® Dr® Eysler Gongalves Maia Brasil - Universidade da Integragao Internacional da Lusofonia
Afro-Brasileira

Prof. Dr. Ferlando Lima Santos - Universidade Federal do Recdncavo da Bahia

Prof® Dr® Gabriela Vieira do Amaral - Universidade de Vassouras

Prof. Dr. Gianfabio Pimentel Franco - Universidade Federal de Santa Maria

Prof. Dr. Helio Franklin Rodrigues de Almeida - Universidade Federal de Ronddnia

Prof® Dr® lara Lacia Tescarollo - Universidade Sao Francisco

Prof. Dr. Igor Luiz Vieira de Lima Santos - Universidade Federal de Campina Grande

Prof. Dr. Jefferson Thiago Souza - Universidade Estadual do Ceara

Prof. Dr. Jesus Rodrigues Lemos - Universidade Federal do Piaui

Prof. Dr. Jonatas de Franga Barros - Universidade Federal do Rio Grande do Norte

Prof. Dr. José Max Barbosa de Oliveira Junior - Universidade Federal do Oeste do Para

Prof. Dr. Luis Paulo Souza e Souza - Universidade Federal do Amazonas

Prof? Dr* Magnélia de Aradjo Campos - Universidade Federal de Campina Grande

Prof. Dr. Marcus Fernando da Silva Praxedes - Universidade Federal do Recéncavo da Bahia
Prof® Dr* Maria Tatiane Gongalves Sa - Universidade do Estado do Para

Prof® Dr* Mylena Andréa Oliveira Torres - Universidade Ceuma

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

Prof. Dr. Paulo Inada - Universidade Estadual de Maringa

Prof. Dr. Rafael Henrique Silva - Hospital Universitario da Universidade Federal da Grande
Dourados

Prof? Dr? Regiane Luz Carvalho - Centro Universitario das Faculdades Associadas de Ensino
Prof® Dr* Renata Mendes de Freitas - Universidade Federal de Juiz de Fora

Prof® Dr® Vanessa Lima Goncalves - Universidade Estadual de Ponta Grossa

Prof? Dr® Vanessa Bordin Viera - Universidade Federal de Campina Grande

Ciéncias Exatas e da Terra e Engenharias

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

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

Prof? Dr* Carmen Lucia Voigt - Universidade Norte do Parana

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

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

Profe 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 Educacao, Ciéncia e Tecnologia
do Rio Grande do Norte

Q\tena

Editora

Ano 2020



%)
IS

<
c
)
Q
Ay
QO
N
N
\
3
(b}
(%)
R
N

/éncias

C

Prof. Dr. Marcelo Marques - Universidade Estadual de Maringa

Prof? Dr* Neiva Maria de Alimeida - 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. Takeshy Tachizawa - Faculdade de Campo Limpo Paulista

Linguistica, Letras e Artes

Prof? Dr? Adriana Demite Stephani - Universidade Federal do Tocantins

Prof? Dr* Angeli Rose do Nascimento - Universidade Federal do Estado do Rio de Janeiro

Prof? Dr? Carolina Fernandes da Silva Mandaji - Universidade Tecnolégica Federal do Parana
Prof? Dr? Denise Rocha - Universidade Federal do Ceara

Prof. Dr. Fabiano Tadeu Grazioli - Universidade Regional Integrada do Alto Uruguai e das
Missoes

Prof. Dr. Gilmei Fleck - Universidade Estadual do Oeste do Parana

Prof? Dr* Keyla Christina Almeida Portela - Instituto Federal de Educacao, Ciéncia e Tecnologia
do Parana

Prof® Dr* Miranilde Oliveira Neves - Instituto de Educacéo, Ciéncia e Tecnologia do Para

Prof® Dr* Sandra Regina Gardacho Pietrobon - Universidade Estadual do Centro-Oeste

Prof® Dr* Sheila Marta Carregosa Rocha - Universidade do Estado da Bahia

Conselho Técnico Cientifico

Prof. Me. Abraao Carvalho Nogueira - Universidade Federal do Espirito Santo

Prof. Me. Adalberto Zorzo - Centro Estadual de Educagao Tecnoldgica Paula Souza
Prof. Me. Adalto Moreira Braz - Universidade Federal de Goias

Prof. Dr. Adaylson Wagner Sousa de Vasconcelos - Ordem dos Advogados do Brasil/Seccional
Paraiba

Prof. Dr. Adilson Tadeu Basquerote Silva - Universidade para o Desenvolvimento do Alto Vale
do ltajai

Prof. Me. Alexsandro Teixeira Ribeiro - Centro Universitario Internacional

Prof. Me. André Flavio Gongalves Silva - Universidade Federal do Maranhao

Prof? Ma. Andréa Cristina Marques de Araujo - Universidade Fernando Pessoa

Prof? Dr* Andreza Lopes - Instituto de Pesquisa e Desenvolvimento Académico

Prof? Dr* Andrezza Miguel da Silva - Faculdade da Amazonia

Prof® Ma. Anelisa Mota Gregoleti - Universidade Estadual de Maringa

Prof® Ma. Anne Karynne da Silva Barbosa - Universidade Federal do Maranhao

Prof. Dr. Antonio Hot Pereira de Faria - Policia Militar de Minas Gerais

Prof. Me. Armando Dias Duarte - Universidade Federal de Pernambuco

Prof® Ma. Bianca Camargo Martins - UniCesumar

Prof? Ma. Carolina Shimomura Nanya - Universidade Federal de Sao Carlos

Prof. Me. Carlos Antdnio dos Santos - Universidade Federal Rural do Rio de Janeiro
Prof. Ma. Claudia de Araljo Marques - Faculdade de Musica do Espirito Santo

Prof? Dr? Claudia Tais Siqueira Cagliari - Centro Universitario Dindmica das Cataratas
Prof. Me. Clécio Danilo Dias da Silva - Universidade Federal do Rio Grande do Norte
Prof. Me. Daniel da Silva Miranda - Universidade Federal do Para

Prof? Ma. Daniela da Silva Rodrigues - Universidade de Brasilia

Prof* Ma. Daniela Remido de Macedo - Universidade de Lisboa

Prof® Ma. Dayane de Melo Barros - Universidade Federal de Pernambuco

Q\tena

Editora

Ano 2020



%)
IS

<
c
)
Q
Ay
QO
N
N
\
3
(b}
(%)
R
N

/éncias

C

Prof. Me. Douglas Santos Mezacas - Universidade Estadual de Goias

Prof. Me. Edevaldo de Castro Monteiro - Embrapa Agrobiologia

Prof. Me. Eduardo Gomes de Oliveira - Faculdades Unificadas Doctum de Cataguases

Prof. Me. Eduardo Henrique Ferreira - Faculdade Pitagoras de Londrina

Prof. Dr. Edwaldo Costa - Marinha do Brasil

Prof. Me. Eliel Constantino da Silva - Universidade Estadual Paulista Jdlio de Mesquita

Prof. Me. Ernane Rosa Martins - Instituto Federal de Educacao, Ciéncia e Tecnologia de Goias
Prof. Me. Euvaldo de Sousa Costa Junior - Prefeitura Municipal de Sdo Jodo do Piaui

Prof® Ma. Fabiana Coelho Couto Rocha Corréa - Centro Universitario Estacio Juiz de Fora

Prof. Me. Felipe da Costa Negrao - Universidade Federal do Amazonas

Prof? Dr* Germana Ponce de Leon Ramirez - Centro Universitario Adventista de Sao Paulo
Prof. Me. Gevair Campos - Instituto Mineiro de Agropecuaria

Prof. Me. Givanildo de Oliveira Santos - Secretaria da Educacao de Goias

Prof. Dr. Guilherme Renato Gomes - Universidade Norte do ParanaProf. Me. Gustavo Krahl -
Universidade do Oeste de Santa Catarina

Prof. Me. Helton Rangel Coutinho Junior - Tribunal de Justica do Estado do Rio de Janeiro
Prof® Ma. Isabelle Cerqueira Sousa - Universidade de Fortaleza

Prof® Ma. Jaqueline Oliveira Rezende - Universidade Federal de Uberlandia

Prof. Me. Javier Antonio Albornoz - University of Miami and Miami Dade College

Prof. Me. Jhonatan da Silva Lima - Universidade Federal do Para

Prof. Dr. José Carlos da Silva Mendes - Instituto de Psicologia Cognitiva, Desenvolvimento
Humano e Social

Prof. Me. Jose Elyton Batista dos Santos - Universidade Federal de Sergipe

Prof. Me. José Luiz Leonardo de Araujo Pimenta - Instituto Nacional de Investigacion
Agropecuaria Uruguay

Prof. Me. José Messias Ribeiro Janior - Instituto Federal de Educagcdo Tecnoldgica de
Pernambuco

Prof® Dr® Juliana Santana de Curcio - Universidade Federal de Goias

Prof® Ma. Juliana Thaisa Rodrigues Pacheco - Universidade Estadual de Ponta Grossa

Prof? Dr* Kamilly Souza do Vale - Nucleo de Pesquisas Fenomenolégicas/UFPA

Prof. Dr. Karpio Marcio de Siqueira - Universidade do Estado da Bahia

Prof? Dr® Karina de Araujo Dias - Prefeitura Municipal de Florianépolis

Prof. Dr. Lazaro Castro Silva Nascimento - Laboratério de Fenomenologia & Subjetividade/UFPR
Prof. Me. Leonardo Tullio - Universidade Estadual de Ponta Grossa

Prof® Ma. Lilian Coelho de Freitas - Instituto Federal do Para

Prof® Ma. Liliani Aparecida Sereno Fontes de Medeiros - Consé6rcio CEDERJ

Prof® Dr? Livia do Carmo Silva - Universidade Federal de Goias

Prof. Dr. Lucio Marques Vieira Souza - Secretaria de Estado da Educagao, do Esporte e da
Cultura de Sergipe

Prof. Me. Luis Henrique Almeida Castro - Universidade Federal da Grande Dourados

Prof. Dr. Luan Vinicius Bernardelli - Universidade Estadual do Parana

Prof. Dr. Michel da Costa - Universidade Metropolitana de Santos

Prof. Dr. Marcelo Maximo Purificacdo - Fundagao Integrada Municipal de Ensino Superior

Q\tena

Editora

Ano 2020



Prof. Me. Marcos Aurelio Alves e Silva - Instituto Federal de Educacao, Ciéncia e Tecnologia de
Sao Paulo

Prof? Ma. Maria Elanny Damasceno Silva - Universidade Federal do Ceara

Prof® Ma. Marileila Marques Toledo - Universidade Federal dos Vales do Jequitinhonha e
Mucuri

Prof. Me. Ricardo Sérgjo da Silva - Universidade Federal de Pernambuco

Prof® Ma. Renata Luciane Polsaque Young Blood - UniSecal

Prof. Me. Robson Lucas Soares da Silva - Universidade Federal da Paraiba

Prof. Me. Sebastido André Barbosa Junior - Universidade Federal Rural de Pernambuco

Prof* Ma. Silene Ribeiro Miranda Barbosa - Consultoria Brasileira de Ensino, Pesquisa e
Extensao

Prof® Ma. Solange Aparecida de Souza Monteiro - Instituto Federal de Sao Paulo

Prof. Me. Tallys Newton Fernandes de Matos - Faculdade Regional Jaguaribana

Prof? Ma. Thatianny Jasmine Castro Martins de Carvalho - Universidade Federal do Piaui

Prof. Me. Tiago Silvio Dedoné - Colégio ECEL Positivo

Prof. Dr. Welleson Feitosa Gazel - Universidade Paulista

%)
IS

<
N
<)
Q
Ay
Q
]
S
S
S
(b}
(%)
3
§

/éenclas

C

[Z\tena

Editora

Ano 2020




Resultados das pesquisas e inovagdes na area das engenharias
3

Editora Chefe:  Prof® Dr* Antonella Carvalho de Oliveira
Bibliotecaria: Janaina Ramos
Diagramacao: Luiza Alves Batista
Corregdo: Giovanna Sandrini de Azevedo
Edicdo de Arte:  Luiza Alves Batista
Revisdo: Os Autores
Organizador: Henrique Ajuz Holzmann

WER

Dados Internacionais de Cataloga¢do na Publicagéo (CIP)

R436 Resultados das pesquisas e inovagoes na area das
engenharias 3 / Organizador Henrique Ajuz Holzmann.
- Ponta Grossa - PR: Atena, 2020.

Formato: PDF

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

Inclui bibliografia

ISBN 978-65-5706-613-3

DOI 10.22533/at.ed. 133202311

1. Engenharia. 2. Pesquisa. 3. Inovagao. 4. Resultados.
I. Holzmann, Henrique Ajuz (Organizador). Il. Titulo.
CDD 620

Elaborado por Bibliotecédria Janaina Ramos - CRB-8/9166

]
N
N
)
3
Y,
)
]
N
N
3
QO
%)
3
§

Atena Editora

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

/éncias

C

Q\tena

Editora

Ano 2020




%)
IS

<
N
<)
Q
Ay
Q
]
S
S
S
(b}
(%)
3
§

/éenclas

C

DECLARAGAO DOS AUTORES

Os autores desta obra: 1. Atestam nao possuir qualquer interesse comercial que constitua um
conflito de interesses em relacéo ao artigo cientifico publicado; 2. Declaram que participaram
ativamente da construgao dos respectivos manuscritos, preferencialmente na: a) Concepcao do
estudo, e/ou aquisicao de dados, e/ou andlise e interpretacao de dados; b) Elaboragao do artigo
ou revisao com vistas a tornar o material intelectualmente relevante; c) Aprovagao final do
manuscrito para submissao.; 3. Certificam que os artigos cientificos publicados estao

completamente isentos de dados e/ou resultados fraudulentos.

[Z\tena

Editora

Ano 2020



APRESENTACAO

Um dos grandes desafios enfrentados atualmente pelos engenheiros nos mais
diversos ramos do conhecimento, é de saber ser multidisciplinar, aliando conceitos de
diversas areas. Hoje exige-se que os profissionais saibam transitar entres os conceitos e
praticas, tendo um viés humano e técnico.

Neste sentido este livro traz capitulos ligados a teoria e pratica em um carater
multidisciplinar, apresentando de maneira clara e ldgica conceitos pertinentes aos
profissionais das mais diversas areas do saber.

Apresenta temas relacionados a area de engenharia mecéanica e materiais, dando
um viés onde se faz necessaria a melhoria continua em processos, projetos e na gestédo
geral no setor fabril. Destaca os processos de reciclagem e sustentabilidade dentro do
contexto empresarial e de residuos gerados nos processos produtivos.

Da énfase em alguns trabalhos voltados a prevencgéo de incéndios florestais através
do emprego de técnicas especificas, além de realizar um levantamento econdémico dos
prejuizos gerados com 0s mesmos.

De abordagem objetiva, a obra se mostra de grande relevancia para graduandos,
alunos de p6s-graduacgéo, docentes e profissionais, apresentando teméaticas e metodologias
diversificadas, em situacoes reais.

Aos autores, agradeco pela confianga e espirito de parceria.

Boa leitura.

Henrique Ajuz Holzmann
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ARIMA METHODOLOGY APPLIED TO DEVELOP
A VERY SHORT-TERM WIND POWER FORECAST
MODEL FOR THE PALMAS WIND FARM (BRAZIL)

Data de aceite: 01/12/2020
Data de submisséo: 18/11/2019

Paulo Henrique Soares

Department of Energy and Mineral Engineering,
College of Earth and Mineral Sciences,
Pennsylvania State University,

State College,PA, USA
http://lattes.cnpq.br/1815355403122493

Alexandre Kolodynskie Guetter
Departamento de Hidraulica e Saneamento,
Universidade Federal do Parana,

Curitiba, Brasil.
http://lattes.cnpq.br/4438410083931646

ABSTRACT: Wind poweris already a consolidated
power source for electricity generation, with
more than 300 GW installed worldwide. It shows
impressive growth numbers, such as an increase
of 715% in the world installed capacity in the
period of 2003 to 2013. In Brazil, the share of wind
power on total energy production has increased
from less than 1% to almost 5% in just five
years. However, the electricity generated from
the wind is a source of uncertainties for power
system operators and can generate undesired
variations in the energy quality for the energy
system as a whole, decreasing its efficiency.
To decrease the uncertainties and increase the
efficiency of wind power generation are goals of
wind power forecasting (WPF) models. This work
shows the development of a probabilistic WPF
model applied to the Palmas Wind Farm, located
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in the state of Parana, Brazil. It was employed
the well-known autoregressive integrated moving
average (ARIMA) methodology to develop a very
short-term WPF model. The performance of the
model was evaluated using the mean absolute
error (MAE) test, root mean squared error
(RMSE) test and the Nash-Sutcliff (NS) index.
It was found that the model is able to forecast
up to three hours ahead, where the difference
between the actual generated energy and the
predicted energy reaches its maximum (8.47%).
The quality of the forecasts, evaluated by the
MAE, RMSE and Nash-Sutcliffe index also has
shown satisfactory results. It is expected that the
achievements of this work may be a reference
for future works produced by the Department of
Hydraulics and Sanitation (DHS) of the Federal
University of Parana.

KEYWORDS: Wind power, electricity generation,
wind power forecast, probabilistic models,
renewable energy.

METODOLOGIA ARIMA PARA PREVISAO
DA GERAQAO DE ENERGIA EOLICA
DE CURTISSIMO PRAZO APLICADA AO
PARQUE EOLICO DE PALMAS (PARANA,
BR)

RESUMO: A energia e6lica vem apresentando
uma tendéncia de crescimento em sua
capacidade instalada, tanto no Brasil quanto no
mundo. O periodo entre 2003 e 2013 apresentou
um crescimento de cerca de 715% na capacidade
instalada mundial. No Brasil, a fatia de energia
gerada pelo vento representa quase 5% do
cenario energético atual, contra menos de 1%
ha cinco anos. A expanséo da geracao edlica
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traz consigo desafios para o sistema elétrico e seus operadores, na forma de incertezas
e variagdes sobre a qualidade da energia gerada. Diminuir essas incertezas e contribuir
para tornar os sistemas edlicos mais eficientes sdo objetivos da previsdo da geracédo de
energia eblica (PGEE), foco deste trabalho. As previsGes apresentadas resultam de um
modelo probabilistico desenvolvido com base nas séries historicas de dados de velocidade
de vento da Usina Eolio-Elétrica de Palmas (COPEL), localizada no estado do Parana, Brasil.
O modelo preditivo faz uso da metodologia de modelagem ARIMA (modelos auto-regressivos
integrados e de médias moveis) para gerar os resultados exibidos ao longo do texto. O
desempenho da PGEE desenvolvida mostrou-se satisfatéria para um horizonte de até trés
horas, com um erro maximo inferior a 10%. Além de ser capaz de prever satisfatoriamente a
geracao da energia edlica, este modelo tem a pretenséo de servir de referéncia para futuros
trabalhos sobre o tema desenvolvidos pelo Departamento de Hidraulica e Saneamento da
Universidade Federal do Parana.

PALAVRAS-CHAVE: Energia etlica, geracédo de energia elétrica, previséo de geragéo edlica,
modelos probabilisticos, energias renovaveis.

11 INTRODUCTION

In 2013 Brazil had 2.4 GW of installed wind power capacity. By March 2015, this
amount had increased to 5.7 GW, and it was expected that the installed wind power capacity
would reach 7.9 GW by the end of 2015 (Brasil, 2015). Data from the Brazilian Mines and
Energy Ministry (MME) shows that, in July of 2015, wind power was responsible for 4.4%
of the total energy produced in the country (Brasil, 2015). Five years earlier, wind power
was responsible for 0.72% of the total power generation (Brasil, 2010). The increase in the
amount of electricity produced by the wind in Brazil is aligned with the global trend of growth
of wind power installed capacity. According to the Renewable Energy Policy Network for the
21st Century (REN 21), the global wind power installed capacity has reached 318 GW in
2013. In 2003 the world wind power installed capacity was only 39 GW. Thus, in ten years,
the world wind power installed capacity has grown by 715% (REN21, 2013).

The increasing amount of wind power in the Brazilian and global energy markets
was one of the main motivations for this research. The wind is an intermittent resource
that cannot be controlled, making the power generation from the wind more challenging to
manage when compared to traditional sources (Lu, 2008). On the other hand, wind power
has advantages over other power generation sources as it is considered a clean energy
source. Moreover, the installation of wind turbines is simpler when compared to the other
power sources (except perhaps solar power) and it causes little environmental impact (Lu,
2008, Villela & Silveira, 2007).

In reality, wind power is a challenging matter for the operators of the electricity grid
because the insertion of the wind power into the energy grid, if not done properly, can impact
the quality of the distributed electricity. Distortions of the harmonics, voltage fluctuations
and odd frequencies are examples of possible problems (Anaya-Lara et al., 2009 ). In
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this context, the wind power forecast (WPF) becomes an important tool to decrease the
uncertainty associated with this type of power generation and different types of WPF can be
developed, with varied forecast horizons and approaches. Very short-term and short-term
forecasts usually are built on statistical methods and rely mainly on the wind speed and wind
direction time series. On the other hand, mid-term and long-term forecasts employ numerical
weather forecast methods to develop the WPF model (Monteiro et al., 2009). Regardless of
the choice of the forecast horizon, the models are used to estimate the future wind power
generation, a piece of information that can facilitate the insertion of the electricity into the
power grid by the system operators (Monteiro et al., 2009, Wang et al., 2009). The WPF
can also be employed as a tool for planning the maintenance schedule for the wind farms.
For all these reasons, WPF can be considered as a fundamental tool for the power sector
(Monteiro et al., 2009).

This work presents the development of a statistical WPF model built on top of the
past wind speed time series from the Palmas Wind Farm, located in the state of Paran4,
Brazil. The model uses auto-regressive and moving average models (ARIMA models) to
forecast wind speed and wind power at the Palmas site. The chosen methodology has
been widely employed for forecasting purposes and can serve as a baseline model, and
its results can later be compared to the ones generated by more complex models, such as
models based that use artificial intelligence algorithms (e.g., support vector regression or
artificial neural networks (Rodrigues et al., 2015).

The developed model provided reliable forecast results up to three hours ahead,
where it showed an MAE (Mean Absolute Error) of 0.99 m/s during summertime and 1.19 m/s
during wintertime. The Nash-Sutcliffe (NS) index showed positive results for the three hours
ahead forecast, about 0.57, for both seasons. The difference between real and forecasted
data for the selected period of assessment was less than 10%, as illustrated in Figure 7.

The development of a reliable WPF was the main goal of this work, which was
conceived to be a baseline study, a reference for future studies developed by the team of
the Department of Hydraulics and Sanitation (DHS) of the Federal University of Parana. The
secondary goal of this work is perhaps to promote this field of study within the department.

This paper is organized as follows: section 2 exhibits the details of the Palmas Wind
Farm; section 3 presents the methodology behind the forecast model; section 4 presents
and discusses the results; finally, section 5 shows the conclusions.

21 THE PALMAS WIND FARM

The models developed in this work were calibrated and validated based on the wind
speed data retrieved from the Palmas Wind Farm, located in the State of Parana, Brazil
(26° 34’46,8 S e 51° 41’51,0 W). The site has a plain relief with few and smooth hills and is
located 1350 m above sea level.
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The main economic activity of the region is cattle raising, and the fields of Palmas are
used for pasture, and the installation of the wind farm exerted little impact on the economic
activity of the region (Camargo, 2005).

The wind farm consisted of five Enercon model E-40 wind turbines, described in
Table 1 below.

Hub height (m) 44.0
Rotor diameter (m) 40.3
Cut-in wind speed (m/s) 2.5

Rated wind speed (m/s) 12.0
Cut-out wind speed (m/s) 25.0

Table 1 - Enercon E-40 Wind Turbine Specifications

The Palmas Wind Farm was the first of its kind installed in the Southern part of Brazil,
and its construction took just a week. The wind farm began generating electricity in February
of 1999 (Copel, 2013).

31 METHODOLOGY

The essential data for this work was made available by COPEL - Companhia
Paranaense de Energia (Parand Power Company). The database used in this work
consisted of ten-minute wind speed and wind power data series, ranging from January 2008
to December 2011. The wind speed data was retrieved from an anemometer installed at the
wind farm, while the wind power data series were acquired from the SCADA system. The
years of 2008-2010 were used to develop the model, and the last year of data (2011) was
used to evaluate the performance of the model.

3.1 Data series analysis

To correctly develop the forecast model, some initial procedures had to be utilized.
The first was to analyze the given time series, removing any possible inconsistent data and
missing values. This step was performed through a computational routine, coded in Python
language (Python 2.7).

After what, the wind speed data were adjusted to the hub height of the wind turbines,
as the anemometer is installed 75 meters above the ground, while the hub of the turbines is
located 44 meters above the ground. Assuming that the wind behavior follows a logarithmic
profile, the following relation was used (Barthelmie et al., 1993):

v _ ()
uthy ( h ) (1)

2o
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where U(z) represents the wind speed measured by the anemometer (m/s), U(h)
represents the wind speed at the desired height (m/s), z is the height of the anemometer (in
meters), h is the hub height of the wind turbine (m) and z, represents the surface roughness
(in meters), estimated as 0.03 meters (Lima et al., 2013).

Finally, the adjusted wind speed data with ten-minute granularity was averaged to
hourly intervals, and the behavior of the data points was assessed through a quantitative
analysis. Statistical parameters such as the mean, standard deviation, variance, skewness,
and kurtosis were assessed and will be discussed later on in this paper.

3.2 ARMA/ARIMA models theory

The ARMA/ARIMA methodology was developed by Box & Jenkins in the 70s (Box et
al., 2015). One of the objectives of this methodology is to forecast future events of a certain
phenomenon, by using the past time series of this event (da Silva, 2005, Box et al., 2015).

ARMA models join autoregressive models (AR) and moving average models (MA)
together. They can be represented by equation (2) below:

Z=0Z -1+ Qpit_p +a,-8,a,..-8. 4, )

where Z represents an autoregressive and moving average process; J, represents
the autoregressive parameters; Z , represents the past values of the time series; Gq
represents the moving average parameters and a,, represents the random error (white
noise process) (Box et al., 2015).

Equation 2 represents the combination of the models mentioned above. The
autoregressive model models a process through the linear combination of the p past values
of the time series (Z) plus a random white noise term (a,) (Box et al., 2015). The p values
also inform the order of the AR model.

Moving average models are similar to the autoregressive models because they are
also dependent on past values (q) of the time series used to generate the model, although
the model combines (and weights) the g values with the white noise process (a,). The g
values inform the order of an MA model, just like the p values inform the order of the AR
model (Box et al., 2015).

In both cases, it is assumed that the models represent processes with mean zero
and variance 02 (Commandeur et al., 2007).

The ARMA approach has an important characteristic: it was developed to model a
stationary time series, which can be problematic since many real-world phenomena do not
exhibit a stationary behavior.

To overcome this limitation, it is possible to differentiate the time series with respect
to a certain time interval, which aims to find a homogenous behavior of the time series
between the selected range of time. Once this homogeneity is found, the series needs to
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be integrated back to the original time-step, allowing an ARMA model to be adjusted. This
integration step is part of the name of this approach: Autoregressive Integrated Moving
Average (ARIMA) models (Box et al., 2015), represented by equation (3) below:

w=0Ww, +.+0w +a-6a,-..-63a, (3)
where @, represents a stationary autoregressive operator and w, can be understood
as the differentiated time series. The definition of w, is as follows:

wt = Yz, (4)

in this case, d represents the number of differences needed to achieve the stationary
state (Box et al., 2015).
3.3 Stationarity of the Time series

The stationarity of a time series can be evaluated graphically by the autocorrelation
function (ACF) and/or by testing the existence of unitary roots in the characteristic polynomial
equation of the time series (Box et al., 2015). In this work, the stationarity of the wind
speed time series was tested using both approaches. The ACF plot was compared to the
Augmented Dickey-Fuller (ADF) unit roots test. The aim of the test for a general AR model
given by ®(B)z, = a, is to test the existence of a unit root in a general AR model, using the
equation shown below (Box et al., 2015, Yang & Zhang, 2008):

14
Az, :°<-Zt—1-z Qi Xe—i T a (5)
i=1
The ADF test is a hypothesis test, where the null hypothesis, H corresponds to the

existence of a unit root in the equation (5) and is equivalent to the following statement:
p+1

“:;‘Pf =1 (6)

The existence of a unit root in the AR operator ®(B) can be interpreted as a strong
indicator of the non-stationary nature of the time series (Box et al., 2015, Yang & Zhang,
2008).

3.4 Choice of the best model

Choosing a proper model requires the correct estimate of the number of AR and MA
operators (p,q), as well as the number of differences (d) needed for reaching the stationarity
condition of the time series. This choice is not always obvious and can be improved by
statistical tests such as the Akaike Information Criteria (AIC) and the Bayesian Information
Criteria (BIC), both employed on this work. The tests are based on the maximum likelihood
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of the values and the number of parameters of the models (Box et al., 2015, Emiliano, 2009).
The AIC test can be defined as follows:

2in(0) + 2

(7)
where © represents the value of the maximum likelihood; r is the number of
parameters, and n is the size of the sample (Box et al., 2015).
The BIC test can be represented by equation 8 below:

BIC =In(62) +r (8)

In(n)
n
where 62 represents an estimate of the maximum likelihood value; r and n are defined
in the same way as in the AIC (Box et al., 2015).

In both cases, the best model will always be the one that shows smaller AIC or BIC
values. The tests compare various possible ARMA/ARIMA models and indicate which of the
selected models may be the best fit for the selected sample (time series) (Emiliano, 2009).

It is necessary to state that the tests are intended to support a decision and should
not be the only decision criterion for the choice of the ARIMA model parameters.

3.5 Forecast Evaluation

Three statistical tests were used to evaluate the results generated by the ARMA/
ARIMA models:

+  Mean Absolute Error (MAE)

The MAE is a measure of the absolute difference between a forecast and the actual
corresponding observation. The test is defined as follows:

MAE = %;(Ifor(i) — obs(DI) (©)

where for(i) represents the forecasted values, obs(i) represents the observed values
and n represents the sample size used in the test. The utilization of the MAE test is supported
by (Erdem et al., 2011).

+  Root Mean Squared Error (RMSE)

The RMSE is a widely employed estimate of the performance of a model, mainly
when the noise of the model tends to follow the normal distribution but is still valid for this
work (Chai & Draxler, 2014, Gomes & Mine, 1998).

The RMSE is defined as follows:
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RMSE = 1zn:(lfor(i) —obs(i)|)?
i (10)

The parameters n, for(i) and obs(i) are defined identically as in the case of MAE.
+  Nash-Sutcliffe Index (NS)

The Nash-Sutcliffe index is a measure of the efficiency of the model. The results of
the index vary from -« to 1; the latter being the goal for a perfect model. NS values close
to O indicates that the performance of the simulations is close to the mean of the data
employed to build the model. Negative NS values indicate that the mean of the data is a
better predictor than the model. The test is defined as follows (McCuen et al., 2006):

= (Ifor (i) — obs(D))?
NS =1- 20— (11)
2(obs(i) — for(1))

where for(i) means the average of the forecasted values.
3.6 Wind power Forecast

The wind speed forecast is the fundamental result of the predictive model. From this
result, the wind power forecast was performed for the Palmas Wind Farm. It was done by
adjusting the forecasted wind speed values to the characteristic power curve of the wind
turbine.

The power curve shows the behavior of the turbine according to different wind
speeds. In this case, the wind turbine is an Enercon E40 and the power curve of the turbine
is shown in figure Figure 1 below:

- ENERCON E-40 Power Curve
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Figure 1 - Enercon E40 wind turbine power curve
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Finally, the adjusted values are multiplied by the number of turbines of the wind farm

(five in this case).

41 RESULTS AND DISCUSSION

This section presents the results of the model for two randomly chosen dates, one in
the winter of 2011 and another in the summer of the same year. The results consist of 100
forecasted values for the selected dates.

4.1 The behavior of the wind

The wind speed data is represented by the histogram shown in Figure 2, which
classifies the occurrence frequency of observed wind speeds. The statistical distribution
shows that most of the observed wind speeds occur within 4 m/s and 10 m/s, and the
average wind speed is around 6 m/s for the period.

A Weibull distribution was fitted to the wind speed data distribution frequency, which
revealed to be a good fit. The distribution has a shape factor of 2.67 and a scale factor of
7.17. These factors are used in the Weibull distribution, which represents the probability of
occurrence of some wind speed at a certain time interval. This probability was calculated
using the equation below.

a v (a-1) _(E)a
v =(3)(G) e (12)
where a is the shape parameter and b is the scale factor for any value in the range
0 <v < = (Patel, 1999).

2008-2011 Wind speed data histogram
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Figure 2 - Wind speed data distribution histogram
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Quantitative assessment of the behavior of the time series was also performed. This
considered statistics such as maximum, minimum and average wind speed throughout the
period, as well as the standard deviation, skewness, and the kurtosis of the distribution of
the data.

Table 2 shows the statistics for the wind speed time series. The positive skewness
value indicates that most of the data is grouped below the average wind speed of 6.37
m/s. The kurtosis value indicates a sharper peak in data distribution (relative to the normal
distribution). Both cases match with the data shown in the histogram.

Max. wind speed (m/s) 17.78
Average wind speed (m/s) 6.37
Min. wind speed (m/s) 0.23
Standard deviation 2.56
Skewness 0.44
Kurtosis 0.07

Table 2 - 2008-2011 hourly wind speed data series statistics

4.2 Stationarity

Following the methodology presented in the previous section, the stationary behavior
of the time series was assessed visually and quantitatively. The autocorrelation function
(ACF) was calculated and plotted, as shown in Figure 3. The confidence interval for the plot
is 0.9 or 90%.

It can be observed from Figure 3 that the ACF function does not present a constant
decay with time, as expected for a white noise process (Box et al., 2015), conversely,
between the lag 10 and 15 the function begins to increase, a first indication that the time
series has a non-stationary behavior.

The quantitative assessment of stationarity was done using the ADF test. Table 3
shows the results of the test.
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Figure 3 - Results of ACF

Test statistics | Critical value
Original -5.53 -2.58
1¢t Difference -41.62 -2.58

Table 3 - ADF tests results

The results of the ADF test show that the original wind speed time series may have
no unit root lying in the unit circle. However, the first difference of the time series exhibited

more distant test statistics from the critical value. This fact and the conclusions taken from
the ACF function suggested the development of an ARIMA model based on a differentiated

time series instead of working with the original one.

4.3 Choice of the model parameters

The last step before the development of the WPF model was to decide the parameters

of the model. As discussed in the previous section, to help in the decision process, the AIC
and BIC tests were performed between a set of 20 possible ARIMA () models. The three

best models are shown in Table 4 below:

Model 0? AIC BIC
ARIMA (1,1,2) 1,269 80596,10 80628,8
ARIMA (2,1,1) 1,269 80606,59 80639,28
ARIMA (3,1,2) 1,268 80592,39 80641,44

Table 4 - AIC & BIC tests results

The results of the AIC and BIC tests agree with the ACF plot and with the ADF test,
showing that differentiation is necessary in order to obtain the best results. Thus, an ARIMA

(1,1,2) was adjusted to forecast wind speed and its results are shown in the section below.
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4.4 Forecasting model

The WPF model developed in this work is essentially a wind speed forecasting
model designed to perform an extra step, which is to calculate the wind power from the
corresponding wind speed forecasted value and wind turbine power curve. Thus we first
developed the ARIMA (1,1,2) to forecast the wind speed, and only after that, the wind power
was estimated.

The ARIMA (1,1,2) model followed the equation 13 below. As expected, this equation
presents one autoregressive component and two moving average components. This
characteristic is fixed for the model. The statistical software was able to recalculate and to
update the coefficients (the numbers) of the equation within every new forecast.

w, = 0.8609w,, - 0.8549a , - 0.1427a,, (13)

The model was able to forecast the wind speed up to three hours ahead. This was
done by adjusting the time steps (lags) of the model. The model could be extended to
as many steps as desired, but after three lags (or three hours ahead) the model lost its
accuracy.

To check its strength against the seasonal variability, the model was set to forecast
the wind speed of a random date of the summer (summertime forecast) and another random
date of the winter (wintertime forecast). Figure 4 shows the forecasted results compared to
actual wind speed data.

As can be seen in Figure 4, the one hour ahead forecasts performed during
summertime and wintertime showed equally promising results. The results tend to degrade
with the increase of the step of time, as can be seen for the two and three hours ahead
forecasts, where the distance between the forecasted values and the observed wind speed
values (the blue line) increase. This result was expected for an autoregressive model.

presents the results of the assessment of the performance of the models for the
hourly wind speed forecast, where the results can be considered satisfactory, at least for
forecasts up to three hours ahead. It also can be assessed from the results that the model
is robust and is not greatly affected by seasonal variations.
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Summertime Period

MAE(m/s) RMSE (m/s) NS
Lag=1 0.71 0.92 0.78
Lag=2 0.85 1.09 0.69
Lag=3 0.99 1.28 0.57

Wintertime Period

MAE(m/s) RMSE (m/s) NS
Lag =1 0.81 1.07 0.79
Lag=2 1.01 1.35 0.67
Lag=3 1.19 1.54 0.56

Table 5 - Wind speed forecasts evaluation results

4.5 Wind power forecast

The final step of the presented WPF model employs the wind turbine power curve
to estimate the amount of wind power that could be generated from the corresponding
forecasted wind speed.

The WPF results are shown in Figure 5, where it can be noted that the model is not
capable of forecasting extreme values accurately. The degrading of the forecasts with the
increase of the time steps can also be noted.

Despite these difficulties, it is worth noting that the general behavior of the forecasts
tends to follow the actual wind power time series, even for higher forecast horizons. Small
differences between the energy generated by the wind farm and the forecasted energy
show that the model can forecast wind power with a satisfactory level of precision, as shown
in Table 6 below.

Measured Forecast (lag 1) Forecast (lag 2) Forecast (lag 3)
Energy (kWh) 115290.86 114474.22 112618.56 105524.43
Error (kWh) - 816.64 2672.30 9766.43
Error (%) - 0.7% 2.31% 8.47%

Table 6 - Differences of the wind power generated and forecasted

It can be inferred from the table above that the error between the observed and
forecasted energy is small (0.7%) for the one hour ahead (lag = 1) wind power forecast. The
error increases with the increase in the forecast horizon. For the two hours ahead forecast,
the error percentage is 2.31%, while for the three hours ahead this number reaches 8.47%,

which can still be considered acceptable for forecasting purposes.
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Figure 4 — Forecasting results according to different time steps and seasons of the year of 2011.
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The goals of this work were to show the development of a wind power forecasting

(WPF) model and assess its performance. The model was designed to be a baseline model

to be used by the wind power research group of the Department of Hydraulics and Sanitation

(DHS) at the Federal University of Parana.
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The first goal, the development of the WPF model, was successfully achieved. The
model has shown its ability to forecast the wind speed and the wind power for the Palmas
Wind Farm up to three hours ahead in time.

The model presented degrading results with the increase of the horizon of the
forecast. But the results still exhibited acceptable MAE, RMSE and NS results. The
degrading phenomenon is also expected for an autoregressive model.

The wind power forecasting model also showed reasonably enough forecasts, and
the computed maximum difference between the forecasted energy and the measured
energy was only 8.47% for the three hours ahead forecasts.

In summary, the main goal of the work was accomplished and now it is expected that
this model will serve its secondary purpose in the Department of Hydraulics and Sanitation
(DHS) at the Federal University of Parana.
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