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Resumo

Diversos fatores afetam a cadeia global de suptosemfetando pessoas e organizacoes,
comprometendo a produtividade e a competitividabbste contexto a temperatura ambiente
pode ter relacdes com a perda de competitividade Gase nesse pressuposto foi definido o
objetivo geral que é analisar a influéncia da temipea ambiente e seus impactos na
Competitividade das Industrias de Embalagens Féxi® os objetivos especificos, que sao:
Relacionar o histérico de registros climéticos chistérico de indicadores, relacionar os
niveis de temperatura interna e externa projetaxdmiveis de temperatura dos periodos
historicos, gerar subsidios para a mitigacdo dmsi®riundos da temperatura ambiente e
avaliar a temperatura ambiente como uma variavelinfluencia a competitividade. Atraves
de uma Revisdo Sistematica da Literatura, utilizagootocoloPreferred Reportingltems for
Systematic Reviews and Meta-Analysesam identificados os conhecimentos existentes
sobre o tema, que por sua vez evidenciaram o pagetal do ser Humano como um
elemento de produtividade industrial. Posterior exiséo sistematica da literatura, foi
estruturado um Estudo de Caso em Industria de Ewgdas Flexiveis. Utilizando uma
abordagem e modelagem do pensamento sistémic&eygperformance indicatoforam
selecionados. A leitura dé&Vent-BulbGlobe Temperaturseguiu de acordo com as
determinacdes legais do Ministério Do Trabalho gfego. As analises de correlacado foram
feitas mediante a equacdo de Pearson. Os resultadesaram que a temperatura no
ambiente de trabalho se eleva em média 4,21 °Cetamgdio a temperatura registrada na
estacdo meteoroldgica, 52,17% dos acidentes dahiabcorreram em faixas de temperatura
nao recomendadas petaernational Labour Standard§3,27% das mercadorias devolvidas
foram produzidos com temperatura ambiente acim@7déC. O indicador % Devolucbes
apresenta correlagcdo de Pearson forte positivé®(0)8 O indicadorPerformance OEE
apresenta uma correlagdo de Pearson forte negafiy@104) para a maquina N° 1. Os
resultados evidenciam que a temperatura ambiefitemcia na competitividade da industria
de embalagens flexiveis, imputando perda pdgformance dos seuskey performance
indicator e aumento dos riscos de acidentes no ambientgaballo. Estes resultados
respondem as indagacdes da pesquisa, evidenciarmped central do ser Humano na
competitividade e que a Temperatura Ambiente TAuérfcia na competitividade das

organizacdes industriais.



Palavras-chave: Competitividade, temperatura ambiente, perdas sinidis, ambiente de
trabalho, industria de embalagens, impacto.

Abstract

Several factors affect the global supply chain,ectfhg people and organizations,
compromising productivity and competitiveness. His tcontext, enviromental temperature
can be related to the loss of competitiveness. dagsethis assumption, the general objective
was defined, which is to analyze the influencemabeent temperature and its impacts on the
competitiveness of Flexible Packaging Industries] the specific objectives, which are: To
relate the history of climate records with the drgtof indicators, to relate the levels of
internal and external temperature by projectingtémeperature levels of historical periods, to
generate subsidies for the mitigation of risksiagdrom environment temperature and to
confirm environment temperature as a variable tiealuces competitiveness. Through a
Systematic Review of the Literature, using the &refl Reporting Items for Systematic
Reviews and Meta-Analyses protocol, the existingwiedge on the subject was identified,
which in turn highlighted the central role of thaiHdan Being as an element of industrial
productivity. After the systematic review of theehature, a Case Study in the Flexible
Packaging Industry was structured. Using a systenkihg approach and modeling, the key
performance indicators were selected. The Went-Biltibe Temperature reading followed
the legal determinations of the MINISTERIO DO TRABAO E EMPREGO. The
correlation analyses were performed using the Bearguation. The temperature in the work
environment rises on average 4.21 °C in relationtite temperature recorded at the
meteorological station, 52.17% of the work accideotcurred in temperature ranges not
recommended by INTERNATIONAL LABOR STANDARDS, 73%vof the returned goods
were produced at room temperature above 27 °C.% leturns indicator presents a strong
positive Pearson correlation (0.8901). The PerfoiceaOEE indicator presents a strong
negative Pearson correlation (-0.8404) for machiliel. The results show that ambient
temperature influences the competitiveness ofltheble packaging industry, imputing a loss
of performance of its key performance indicatord an increase in the risk of accidents in
the work place. These results answer the researestiqns, highlighting the central role of
Human beings in competitiveness and that Ambientmperature influences the

competitiveness of industrial organizations.

Key words: Competitiveness, environment temperature, worlkgplamdustrial waste,

packaging industry, impact



1 INTRODUCAO

Crises como a pandemia global de COVID-19 impacstaes cadeias globais de
producdo e suprimentos, gerando inUmeras reflerésgessoas e organizacoes (Niaila
al.2020). Além disso, Yousfiet al. (2024) acrescentam a estes impactos as tensbes
geopoliticas. Todos estes eventos impactam osrgistprodutivos e de suprimentos globais.
As industrias por sua vez foram impactadas de stgcformas, desde a falta da matéria prima
atée a perda da competitividade devido aos efeitm@nicos em relacdo a variacdes

cambiais e inflacdo, que atingiram todas as nagdessive o Brasil.

O Brasil possui grande relevancia nesta cadeiaaplid suprimentos, sendo um Pais
ativo e fundamental aos sistemas globalizados, geigindo Gereffet al (2018) paises
emergentes como o Brasil estdo desempenhando papéigcativos devido a serem grandes

exportadores de bens manufaturados intermediafioais.

7

Neste contexto é importante que a industria natideaenvolva estratégias bem
estruturadas que possibilitem um crescimento st#stenaprimorando a competitividade no
cenario mundial. Segundo Naeemah al. (2022) os crescentes niveis de globalizacéo,
mudancas climaticas, escassez de recursos empagaganizacdes a buscarem praticas
mais sustentaveis, devido as caracteristicas dmsrigue envolvem 0s processos de

manufatura, como o0s riscos ecoldgicos, sociai®rd@mnicos.

Um dos segmentos industriais de suma relevancieontexto nacional € a industria
de embalagens, devido a sua participacdo econ@ids, 2000). Além disso, Sorghet al
(2021) relatam que € necessario considerar ques asiganizacbes estdo sujeitas as

consequéncias de fatores politicos, sociais, ecmodne ambientais.

O Brasil é um pais de dimensfes continentais, send pais com maior extensao
territorial e com o sentido perpendicular a linllaEtjuador, pode apresentar diversos climas
ambientais nos ambientes industriais. Dependenddodalizacdo da induastria, climas
distintos podem ser percebidos em um periodo deogas, segundo Barcelles al. (2024)
todas as regifes do Brasil vém apresentando arasmaimaticas sendo que a Regido Sul
apresenta o maior numero nos ultimos anos de 2@0PR@, situacao tipica para industrias

localizadas na regiao sul do pais.

Os fatores ambientais oriundos do clima sdo orgptes para todas as organizacoes
industriais. Atualmente as bases da literaturasgnteam inimeros estudos (Leejarkgtaal,
2016; Kelleret al, 2022; Durastantt al, 2024) relacionados ao Aquecimento Global (AG),
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buscando identificar os impactos das atividadesstngis no meio ambiente ou o impacto
das temperaturas extremas na saude dos trabalbg@f@mari, 2023). Entretanto, ha pouca
base de estudos no sentido oposto, ou seja, entegdanto e como as empresas estdo sendo

afetadas pelo nivel de aquecimento ja existente.

Borg et al. (2021) relatam que o impacto do aquecimento no tdndgondmico &
substancial. Fatimat al. (2022) analisaram os efeitos das temperaturasmeas no ambiente
de manufatura da industria Australiana, relacionao® impactos da Temperatura Ambiente
(TA) nas doencas ocupacionais. O estudo sugere oquiesco de doencas aumenta
substancialmente em temperaturas elevadas, na aldetf,2 °C, tendo maior potencial de
impacto a temperaturas moderadas, na ordem dé@2@estudo buscou associar a leitura da
TA em relacédo aos registros de acidentes no mesmiodpe, colaborando com Ferrati al.
(2023).

Os estudos de Ferragt al. (2023) também investigam a influéncia dos fatores
climaticos no ambiente de trabalho, utilizando bdselados meteoroldgicos associados aos
dados dos registros de acidentes, gerando via lcalmsi dados deWent-Bulb Globe
Temperature(WBGT). Para medir o stress térmico no ambientetrdbalho, com este
indicador foi relacionado o indice WBGT aos risamsupacionais do ambiente e seus
impactos na saude dos trabalhadores, concluindaltpsgeindices WBGT possuem influéncia
direta na ocorréncia de acidentes de trabalho. Alémimpactos relacionados a reducgéo da
forca de trabalho em virtude dos acidentes de ltrapaendo necessario compreender como o

ambiente é considerado nos sistemas de gestao.

Normalmente as organizacdes tratam o meio ambjente as ferramentas de gestao
de qualidade, que normalmente séo utilizados ecepsns investigativos para solucionar nao
conformidades no Sistema de Gestdo da Qualidad®@)3éndo o meio ambiente como uma
das potenciais causas para a geracao de um ef@itdesejado, ferramenta de Causa-Efeito,
onde o meio ambiente pode gerar efeitos indesejanlabjeto pretendido (Ishikawa, 2012).
As ferramentas de SGQ contribuem para padronizac@&ficiéncia dos processos, tendo

reflexos diretos na competitividade.

A ferramenta dd.ean Six Sigm4LSS) foi utilizada por Bhatt al (2021) em uma
industria grafica na india para identificar as pesis causas que impactam a competitividade.
O estudo de Bhatt al. (2021) mapeou a industria definindo os pontos deitoramento e

intervencao, aplicando ferramentas de qualidade gpafentificacdo de causas potenciais para
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baixa competitividade. Os dados obtidos foram d@dacom ferramentas estatisticas para
medir asKey Performance Indicator§KPIl). A temperatura do ambiente de trabalho foi
considerada como um fator de analise, porém esi@aveanao foi considerada como causa

provavel, contrariando outros estudos relacionadgsmpactos do clima nos trabalhadores.

Amini et al. (2021) concluiram em seus estudos que a TA pedw gfeitos positivos
e negativos na produtividade dos trabalhadores, verague, em regides frias observa-se
aumento da produtividade e por outro lado, em e=giguentes, a perda de produtividade
devido ao aquecimento do ambiente de trabalhazbhidlo dados de estacbes meteoroldgicas
em softwares matematicos, os referidos autorestaram cenarios de impacto sobre a
produtividade dos trabalhadores. Onde a TA de ltnalygode influenciar a forca de trabalho

das organizacdes

Sobre esta mesma o6tica Soasaal (2020) também buscaram identificar o impacto
das mudancas climéaticas na forca de trabalho dmlbadores em ambientes abertos,
realizando projecfes mateméaticas com badenvironmental Stress Ind€kSl) associadas a
modelos climaticos para medir a influéncia da temipea ao ambiente de trabalho ao final
do século XXI (2071-2100). Os dados apontam queadtes indices geram reducdo da
capacidade de trabalho e temperaturas acima de &iitdibuem substancialmente para o
aumento de erros dos trabalhadores. No cenério graige, os efeitos do aquecimento
indicam que a capacidade produtiva do trabalhadwmte pficar de 0% a 25%, gerando
interrupcdes continuas na jornada de trabalhogtamtio, 0 modelo proposto néo realiza

projecdes de trabalhadores em ambientes fechados.

Os efeitos da TA no ambiente de trabalho fechag@e&x um universo de desafios
para o crescimento, sustentabilidade e competiilédda indUstria nacional. De acordo
Haguenaueet al. (2012) a competitividade pode ser definida comapacidade de uma
organizacdo de produzir mercadorias com padroegudidade especificos, requeridos por
mercados determinados, utilizando recursos emsiigeais ou inferiores aos que prevalecem
em industrias semelhantes no resto do mundo, d@ureeito periodo de tempo. A
competitividade pode ser avaliada tanto pelo desaimp exportador quanto pela eficiéncia
produtiva, considerando aspectos como precos, dfu tecnologia, salarios e
produtividade. Considerando estas tematicas obsergae ha um grande campo de pesquisa
quanto ao impacto do ambiente na competitividadeatlganiza¢c6es industriais. Por que ha
poucos estudos que abordam os efeitos da TA naidapa competitiva das organizacdes

industriais.
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1.1 Tema, Problema de Pesquisa e Objetivos

Os efeitos oriundos da TA podem afetar todos ossserorganizagdes ao redor do
mundo, gerando riscos a todas as partes envolAdfadta de entendimento quanto a relacao
destes efeitos no ambiente produtivo industrial ®aixa competitividade da industria
Brasileira expdem a necessidade de buscar conh&cmgae possibilite gerenciar, de forma
mais eficaz, os riscos oriundos do AG.

Segundo dados da Confederacdo Nacional da Ind{{§g), o Brasil ocupa a 162
posicdo na analise de competitividade geral dasindlquando comparado com outros 18
paises (CNI, 2022). Considerando o eixo da esayitrdutiva, o Brasil ocupa a 132 posicao,
conforme pode ser visto na Figura 1. A constatadas dados apresentados pela
CNl,corroboram com a necessidade de melhorar ofemdde competitividade das
organizacdes industriais brasileiras, que por ®rm poderdo contribuir para o alcance das
metas globais de ODS. A competitividade da indaigidde ser observada por varias oticas e
Willy et al (2000) classificam os fatores sistémicos de coithpeade nas categorias infra-
estruturais, politico-institucionais, internaciaaociais e legais-regulatorios. Haguenater
al. (2012) propdéem que a competitividade poderia séinida pela capacidade de uma
industria produzir produtos ou servicos com padrdesqualidade especificos, utilizando
recursos similares a industrias internacionais Beanees, podendo competir em igualdade

por um tempo determinado.

Entretanto esta abordagem atua em conceitos ampaasvoltados a influéncia dos
agentes humanos, que sdo abordados em outros ssftiidcando o ambiente interno das
organizacdes. Naeemadt al (2022) efetuaram um estudo de revisdo biblioggapara
entender quais seriam os efeitos das ferramentasLedm Manufacture (LM) na
sustentabilidade das organizagfes. Segundo oauf8% dos efeitos positivos podem ser
atribuidos as 10 principais ferramentas de LM, 38, Kamban, Kaizen, Celular
Manufacturing, Visual Control, VSM, PokaYoke, Sig@a e SED. Desta forma impactando
os fatores econdmicos que sustentam a competiiwidas organizacdes. Estes resultados
também sao confirmados pelos estudos de (ShaB@ia2) em uma industria de embalagens
plasticas, considerando que a organizagdo no atebiemustrial contribui para a
competitividade da industria de embalagens, dexicerducdo de perda de matéria prima e de

tempo operacional.
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O controle das perdas dentro das industrias de lagéres € ponto chave para a
sustentabilidade desta area industrial.dbal (2023) abordam a sustentabilidade como um
diferencial apreciado por clientes entre outrStakeholders gerando posicionamento
diferenciado e visibilidade positiva para a mafteste contexto, Det al (2023) descrevem
a importancia do sistema de gerenciamento das p@aanduistria de embalagens plasticas

para sustentar a competitividade da organizagao

Independente da oOtica utilizada para observar goettividade, todos estes estudos
abordam a aplicacdo de ferramentas que visam apninos resultados das organizacoes.
Entretanto tais ferramentas atuam nos fatoresodirdé resultado, ou seja, ndo atuam na
identificacdo dos fatores precedentes aos fatositoexs de resultado. As condigOes
ambientais somadas aos fatores humanos presentesnbiente de trabalho industrial,
correspondem pela maior parte da subjetividadeteswes e, portanto, entender a relacéo
destas causas precedentes pode aprimorar os desul&a modificar as técnicas de

gerenciamento das organizacdes industriais.

A inexisténcia de um processo formal bem como nodtgihs para tratar os impactos
das variaveis climaticas no ambiente produtivo ewiih uma lacuna nas ferramentas de
gestdo e estratégias organizacionais para elecampetitividade. O preenchimento desta
lacuna deve permitir direcionar acdes preditivas patigar os impactos negativos do clima,
e com isso, aprimorar o nivel de qualidade dosyios] reduzir o consumo de materiais por
unidade de produto, aumentar a vida util das psami@dustriais, melhorar a seguranca laboral

e elevar a lucratividade da indUstria.



Figura 1: Comparativo de competitividade Brasil.
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A busca por competitividade se torna prepondergrdea O crescimento das

organizacOes industriais e abrange de maneira Igtobacessidade de estudos que possam

identificar e aprimorar os fatores de producédoe&ststudos devem ter como objetivo a busca

de conhecimento para o aumento da eficiéncia dasirid, visando maximizar seus recursos

de produc¢do, humanos e financeiros, evitando deipes de recursos.

Nesse contexto, a questdo de pesquisa € quais sampactos da TA na

competitividade da industria de embalagens? Destaal, 0 objetivo geral deste estudo para

responder essa indagacao é:

Analisar a influéncia da Temperatura Ambiente essmpactos na Competitividade

das Industrias de Embalagens Flexiveis.

Os objetivos especificos sao:
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* Relacionar o histérico de registros climaticos chistorico de KPI, para avaliar a
correlacdo da TA com as métricas dos KPI.

* Relacionar os niveis de temperatura externa cormangdratura no ambiente de
trabalho para projetar os niveis de TA dos peridigtéricos elencados no estudo.

» Gerar subsidios para a mitigacao de riscos oriudddsA no ambiente fabril.

* Avaliar se a TA é uma variavel que influencia cotitpedade da industria de

embalagens flexiveis.

1.2  Procedimentos metodolégicos

Os procedimentos metodoldgicos estdo organizadogomaa de uma Revisao
Sistematica de Literatura (RSL) e um estudo de casovisam responder as questbes de
pesquisa e aos objetivos deste trabalho, buscapdufuadar o conhecimento técnico
cientifico sobre o tema. Primeiramente foi reali&zad RSL, utilizado o modelo proposto
porGohret al (2013), denominado como protocdtoeferred Reportingltems for Systematic
Reviews and Meta-Analys@BRISMA), contendo trés fases metodologicas, adapfara
ordenar as andlises qualitativa e quantitativaattgos coletados (Saputet al., 2024). O
periodo de busca foi inicialmente limitado a amige revisdo e artigos de pesquisas,
publicados nos anos de 2021, 2022 e 2023. A detagdo do periodo elencado no estudo se
deve a estratégia de considerar os documentos neeemtes relacionadosa tematica de
pesquisa. Entretanto as relagbes da TA com a mal® embalagens, se fez necessario
buscar artigos anteriores ao periodo estabeleaniwalmente. A busca de trabalhos
relacionados se baseou na estratégia adaptada rdbegaet al. (2018), combinado as
palavras chaves e possiveis sinbnimos do estudoeneiado, junto a palavras relacionadas
ao tema competitividade das industrias, obtends @ixos deStrings relacionadas as
guestdes de pesquisa da RSL

As questdes de pesquisa para a RSL foram:

Q1: Quais séo as consequéncias da exposicao bathaedores a niveis elevados de
TA?

Q2: Quais séo as relagdes destes trabalhadorad@geaiela TA na competitividade

das organizac¢des industriais?
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Para fazer a busca nas bases de dados foram d¢dastmas seguintes relacdes entre as
palavras-chave:

String 1. “environmentaltemperature” OR “environmenttenapaere” AND “occupational
injuries” AND “heat stress” AND “workplaceheatexpws” OR “workplace hot temperature”
AND “healthandsafety”

String 2: “competitiveness of industry” AND “workplaceND “worker” OR “workers”

Posterior a execucdo da RSL foi efetuado um estiedoaso em uma industria de
embalagens (Miguel, 2007; Shahreral, 2022). Com base na abordagem de modelagem do
pensamento sistémico sugerido por el (2023) auxilia no entendimento dos problemas
complexos. Desta forma o presente estudo de casorfobase na modelagem de Shabtiar
al. (2022) utilizando a metodologia do pensament@isigto abordada por Det al. (2023)
em uma industria de cosméticos.

Desta forma, as atividades de pesquisa foram dasdem trés fases conforme pode
ser visto na Figura 2, a primeira fase consistelefaicdo da problematica de pesquisa e
execucdo de uma RSL para identificar as lacunaonleecimento sobre o tema. A segunda
fase trata do estudo de caso em uma industria dalagens flexiveis para responder as

questbes de pesquisa. A terceira fase trata doka@ss e conclusdes da presente pesquisa.



Figura 2: Fluxo metodoldgico de pesquisa
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Fonte: Autores.

1.3  Delimitacédo do Estudo

A tendéncia global das organizacfes por aperfeieatonda governanca corporativa
nos faz refletir a respeito do posicionamento dasmas em relagdo a suas condi¢bes de
competitividade (Nicola2020). Neste contexto, paises emergentes como Sl Bassuem
destaque nos interesses globais (Gereffi, 201®ara atingir niveis globais alinhados ao

ODS é necessario estudar com profundidade os $atedeitores da competitividade.

Considerando esta Gtica, precisamos ir além dasegiltécnicos e econdmicos das
organizagfes nacionais, para atingir niveis gloakiihados as ODS. Pois segundo Chenhg
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al. (2023) o Brasil quando comparado com outros 138epaatravés dBlobal Inclusive and
Sustainable Competitive Industrial Performan{¢®8CIP), esta na sexagésima posicao para a
economia total quando avaliada pelas dimensdesodgatitividade industrial, inclusao
social e sustentabilidade ambiental, que sdo @sepildo ESG. Os dados da Associacao
Brasileira de Embalagens (ABRE) corroboram com otexdo da competitividade da
indUstria nacional, pois o mercado de embalagensvebqueda de 4,5% no montante
produzido em 2022 (ABRE, 2023).

Com base neste contexto as delimitacbes da prepestgliisa, foram definidas em:
Uma revisdo da literatura cientifica através de &8&. Um estudo de caso em uma Industria
de Embalagens Flexiveis do Sul do Pais, utilizatatios histéricos dos anos de 2021 a 2024
da industria elencada para o estudo de caso e dagtesrologicos do Instituto Nacional de
Meteorologia (INMET) da cidade de Rio Pardo no &stdo Rio Grande do Sul, Brasil.

1.4  Estrutura da Dissertacéo

Esta dissertacdo é disposta em formato de artigoifccos sendo que a mesma esta
subdividida em quatro capitulos. O primeiro capitaborda introducdo, no qual trata os
seguintes toépicos: Tema, problema de pesquisa etiay (gerais e especificos),
procedimentos metodoldgicos e limitagbes do estidosegundo capitulo, apresenta-se o
primeiro artigo da dissertacdo. Este artigo, busdeuntificar os conhecimentos existentes na
literatura sobre o impacto da temperatura ambieme trabalhadores industriais e a
capacidade competitiva das organizacdes industdgarsmeio de uma RSL. A elaboracao da
RSL teve como objetivo elucidar os conhecimentastenxtes sobre o tema. O artigo foi
publicado no periédico RGSA — Revista de GestddabecAmbiental, ISSN: 1981-982X,
Qualis A3, DOI:_https://doi.org/10.24857/rgsa.v18h¥®. O artigo publicado encontra-se no

Anexo A.

O terceiro capitulo é composto pelo segundo adigoteve por objetivo identificar as
correlacdes da TA com os KPI de uma industria deagmgens. O quarto capitulo € composto

pelas consideracdes finais assim como pelas s@aggsada trabalhos futuros.

As referéncias sdo apresentadas no final de caddulca Os apéndices foram

organizados no final da dissertacdo e contém baltras realizados durante o mestrado.
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2 ARTIGO 1 - THERMAL STRESS AND ITS RELATIONSHIP WI TH
INDUSTRY: A SISTEMATIC REVIEW OF THE LITERATURE

ABSTRACT

Objective: This study systematically reviews the literature tbe impact of environment

temperature on industrial workers and the competitapacity of industrial organizations.

Theoretical Framework: Research such as that by Ferrari et al. (2023Vamnghese (2018)
indicates that the relationship between heat andupmational health is predominant,
influencing productivity and economic costs. Betgal. (2021) highlight the need to explore
the economic impacts of heat in the workplace teettg effective management policies.
Hariyani et al. (2022) emphasize the importance of integratingasnugbility and technology

into organizational strategies to increase competiess.

Method: Using the PRISMA protocol and the Science Dir&¢gb of Science, PubMed and
Scopus databases, the research analyzed 329 ddsunoem 31 journals.

Results and DiscussionThe results indicate that high environmental terafures affect the
physical and mental health of workers, reducingdpotivity. Organizations implement
strategic actions and mitigation measures when therceive competitive advantages.
However, industries do not see environmental teatpeg as a direct factor in reducing

competitiveness, addressing it as secondary tecdbromic axis, which creates a knowledge
gap.

Research Implications: This research allows organizations to create nawategjies to
mitigate risks that may reduce their competitivpatalities. In addition, it allows for the
creation of direct actions for the thermal comfafrivorkers, due to the central role of human

beings in the competitive capacity of industriadamizations.

Originality/Value: This work highlights a gap in the scientific lidure and in organizational
strategies in the search for competitiveness, stheemain actors in the manufacturing
process, the workers, who are the most affecteeixppsure to AT, are not seen as elements

sensitive to environmental risk .

Keywords: Environment temperature, heat stress, competgs®nindustry, workplace,

workers.
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2.1 Introduction

Global events, such as the COVID-19 pandemic, lyggveerated profound reflections
in organizations around the world, impacting pradgucand global supply systems, causing
advances in primary materials and loss of competigss in several sectors, aggravating
exchange rate variations and generating inflatesulting from these impacts.

According to El Khatibet al. (2022) modern organizations are more impacted by
external factors, as they are more dependent doaliged systems. In this context, it is
important that they develop well-structured stregedghat enable them to be competitive.

However, it is also necessary to consider thatettmganizations are subject to the
consequences of political, social, economic, andirenmental factors. In relation to
environmental factors such as temperature andivel&iumidity, these become extremely
important, as Borgt al. (2021) report that the impact of warming on thereenic level is
substantial.

Fatimaet al. (2022) analyzed the effects of extreme temperstuetating the impacts
of Environmental Temperature (ET) on occupationakases, suggesting that the risk of
diseases increases substantially at high tempegtur the order of 40.2 °C, with greater
potential impact at moderate temperatures, in tleeroof 32.3 °C, the study sought to
associate ET with accident records in the samegecollaborating with (Ferrari, 2023). In
this same context Varghese al. (2018) carried out a systematic review of therditere, to
look for structured relationships between heat exp® and worker injuries.According to the
authors, there is a need for interventions aimedh@irporating preventive actions, as on
hotter days an increase in injuries and loss aflpectvity can be expected.

Interventions in work environments may become amiment need due to the
predictions of temperature rise due to climate geastudies by Doradet al. (2023) mention
that the temperature may increase by 4 °C in thedutherefore, understanding the effects of
ET in industrial environments could become a sgjiataxis for these organizations.

It is believed that the effects of ET in the closedrkplace can directly impact the
competitiveness of industrial organizations, as wiret al. (2021) concluded in their studies
that ET can generate positive and negative effentsvorkers' productivity, since, in cold
regions, there is an increase in productivity amdthe other hand, in hot regions, there is loss
of productivity due to the heating of the workplatésing data from weather stations and
mathematical software, the aforementioned authessgded scenarios of impact on worker

productivity. About this same perspective Soaral.(2020) also seek to identify the impact
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of climate change on the workforce of workers inempenvironments, carrying out
mathematical projections based on the Environme8tedss Index (ESI) associated with
climate models to measure the influence of tempegabn the workplace at the end of the
21st century (2071-2100). The data shows that tagiperatures generate a reduction in work
capacity and when exceeding 30°C it contributestsuibially to an increase in worker errors.
In the most serious scenario, the effects of wagmirdicate that the worker's productive
capacity can range from 0% to 25%, generating nanotis interruptions in the working day,
however the proposed model does not make projectibworkers in closed workplace.

When looking at indoor environments it is necesdaryconsider the influence of
construction characteristics, which according todatgjo et al. (2023), urbanized
environments have a greater thermal absorptionctgp@due to the nature of the construction
materials used, such as bricks and concrete, whaite it difficult to cool urbanized areas.

In view of the above, in order to better understéra relationship between ambient
temperature and workers and industrial organizatianSystematic Literature Review (SLR)

was carried out.

2.2 Theoretical reference

One of the ways to identify knowledge on a givepidas the SLR, according to Gohr
et al. (2013) this model presents consistent and reliegdalts for the scientific community.
To achieve this objective, it is essential thatagshers determine a recognized protocol for
collecting and processing data, the object of mefe@hompson, 2023).

The analysis of pre-existing knowledge providespsupfor the research spectrum
and foundations for the preparation of the workroligh systematic mapping Ferrati al.
(2023) sought to identify the impacts of climat@whe on workers, at the end of the research
they identified that the most common relationshipaiticles related to the topic is the
association of heat with occupational health andkwaccidents, which in turn were
confirmed by studies carried out by (Varghese, 20C8ntributing to the discussion, studies
of Borg et al. (2021) who identified considerable knowledge rdoay the effects of ET on
workers' health and its consequences on produgtithie economic costs of these losses are
substantial and poorly understood. According toatthors, future research that explores the
relationship between ET and costs is importantd@ating new management policies to

minimize the economic impacts arising from ET (BdQ21).
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Considering the economic spectrum Hariyaeti al. (2022) sought to identify
knowledge regarding the agile manufacturing contéxnhtegrated green and sustainable six
sigma, to create high-performance and competitrgarizations. The authors identified that
the context of the planet, the context of the oizgtion, and the context of technology need
to be pillars of the organization's strategic plan.

Competitiveness is a relevant topic of researchtdube importance of this context
for the survival of organizations. Halliouet al. (2022) sought to understand these
relationships and identified that there continuesbe a gap in the literature so that
organizations can become more contemporary and eimnap.

The state of the art highlights a gap in knowlegggarding the direct relation between
ET and the context of organizational competitivends addition, it suggests that new studies

that directly address and investigate these fagtdrb¥e explored.

2.3  Methodology

The structure of the present study is based orattadysis and review of scientific
literature, using five databases, initially limitealstudies published in 2021, 2022 and 2023,
as researchers are interested in the state ofrtlud the study topic. The model proposed by
Gohret al. (2013) was used which contains three methodolbgicases for structuring this
research: research question, selection of prewarks and classification of works suitable
for study. Also, the protocol considered was PrefitrReporting Items for Systematic
Reviews and Meta-Analyses (PRISMA), adapted frorpuBa et al. (2024) to order the
qualitative and quantitative analyzes.

The search for related works was based on the ediagitategy of Varghesst al.
(2018), which combined the keywords and possibi®syms of the referenced study, along
with words related to the theme of industrial cotitpeness, obtaining two axes of Strings,
the first search being related to research Q1 lamdd¢cond search related to research Q2.

String 1: “environmental temperature” OR “environment parature” AND
“occupational injuries” AND “heat stress” AND “wopkace heat exposure” OR “workplace
hot temperature” AND “health and safety”.

String 2: “competitiveness of industry” AND *“workplace" ND “worker” OR

“workers”.
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The present study used the databases Science ,Chamius, PubMed, and Web of
Science. Limited to review and research articlbs, bases and strings were organized as

shown in Figure 3.

Figure 3
Bases used in studies.

R - O

-
o — — =4
t ; Science
f_‘a G Diract Scopus PubMed
g
-
n
- o
3] e -
SE o~
w | 9 Science Web of
) z Direct Scopus Science
=

The base PubMed was chosen to search for artel@®d to string 1 due to the nature
of the literature published in the journal, whidtdises on the areas of biomedicine, human
health, life sciences, behavioral sciences, chdmm@ances, and bioengineering. On the other
hand, the Web of Science database was chosenrifog & due to its breadth of coverage,
containing a wide range of academic books, journated conference proceedings.This
separation of the bases contributed to the orghoiz@f the present study, generating an
alignment of the search areas with the establistvdw method and the research questions.

The synthesis of research results is presenteavantapics, the first addresses the
consequences of worker exposure to high levels Tof Ehe second topic deals with the
relations of workers affected by ET in the competitess of industrial organizations. In the

end, the relationships found are presented indhma bf a conceptual map.

2.3.1 Method of systematic literature review

This theoretical study started from the identificat of a problem that requires
answers to direct and substantiate the researattrspe The problem was: How are the
relationships between reduced worker productivecigpresulting from exposure to heat and
the competitiveness of industrial organizationscdbed in the literature? In this way, we
seek to understand pre-existing knowledge regardivg effects of heat exposure on
productive capacity and the influence of these equsences on the competitiveness of

industrial organizations.



27

Research questions:
Q1: What are the consequences of worker exposungltoET levels?

Q2: What are the relationships of these workemscédtd by ET in the competitiveness

of industrial organizations?

Based on the adaptation of the PRISMA protocol @ased with the model proposed

by Gohret al. (2013) the methodological steps for implementing 8LR were determined.

The steps are described below.

2.3.2

d)

Inclusion and exclusion criteria

Inclusion:

scientific articles published in the English langedrom January 1, 2021 to December
15, 2023 in the databases listed in Figure 1,

studies that address worker exposure relationsbipgh levels of ET;

studies that address the relationships between Bd@ workers, with the

competitiveness of industrial organizations.

Exclusion:

duplicate articles in the databases;

articles with titles where the keywords are isalat not contextualized to the
research topic;

studies that do not address the relationships legiviild exposure in the population
outside the industrial workplace;

studies that address competitiveness in non-indlstganizations.

A total of 329 articles published from 2021 to 20&&re identified. After completing

the steps described in Figure 4, the selected lestievere divided into two string

categorizations. Figure 4 illustrates the selegtimiocol applied.
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Figure 4
PRISMA protocol for selecting studies for subsetjaealysis.
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Fonte: Adapted from SAPUTRA,Bibliometric AnalysisResearch Publication Trends on
Job Rotation Satisfaction. Revista de Gestao Sedanbiental, 18, n. 9, p. e05312, 04/26
2024.

String 1 is related to Q1, while string 2 refer€d®. The present SLR study identified
a total of 35 documents suitable for extractiortegarizing their typology and methods used,
there are 18 theoretical studies and 17 practicaliess, being: 11 SLR or meta-analysis
studies, 10 case studies, 5 statistical data aealgsinterview research, 2 experimental

research, 2 longitudinal empirical research, 1 expenel, and 1 empirical analysis.

2.4 Results and discussion

2.4.1 Consequences of worker exposure to high lesaf ET

Currently, researchers are concerned (Bargl, 2023; Fatimaet al, 2023) regarding
the topic of heat, the effects of ET on workersltieand occupational risks related to ET
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dominate the research objectives. Furthermoregethex projections that point to a tendency
for the impact of ET on working conditions to inase in the future (Kim& Lee, 2020).

The study of Vargheset al. (2018) indicates that the prospect of increased vl
represent a significant growth in accidents andrieg at work, generating losses associated
with workers' productive capacity. In a later cadedy Vargheseet al. (2019) mapped
temperature levels related to injury types. The83& Relative Risk (RR) range is classified
as moderate temperatures, and the 40.6° C RR rangdassified as extremely hot
temperatures, however, Fatiradal (2023) consider 38° C as an extreme temperaaune,
considering obese people or people with comorleslita temperature of 37.6° C is considered
hyperthermia according to Floues al.(2018).

The main injuries identified are: Trauma, jointungs, muscle injuries, burns,
dermatitis, lacerations, amputations, organ ingjrigymptoms of exhaustion, cramps, skin
rashes, dehydration, and death (Benddkal, 2022; Samaniego-Rascét al, 2019;
BENSONet al.,2021; Laret al.,2022). Furthermore, there are intrinsic factoet #iygravate
injury levels. Vargheset al. (2020) and Hanseat al. (2018) report that some workers are
unaware that heat can be related to health probleaveever, studies by Cartet al. (2020)
pointed out that 79% of workers interviewed presgmbnic symptoms of Heat Stress (HS),
which tends to worsen when associated with otretofa.

Socioeconomic condition is considered a factor tatsens the effects of HS,
because Lucast al. (2014) report that workers with lower socioeconorstatus exceed
physiological limits for heat exposure due to fehbeing fired from their jobs and Fatinea
al. (2021) point out that more experienced workers havencreased RR to injuries due to
self-confidence. On the other hand, self-contral ba an important tool in reducing the RR
on workers' health (Laet al, 2016).

The literature shows that there is no distinctiebween groups among workers who
may be affected by exposure to high levels of haatprding to Ansabt al. (2021) young,
old, men or women workers suffer adverse symptonssng from inadequate exposure to
heat. What can change between groups are the typguoy and its level of intensity.
Furthermore, the authors cite the existence of ggabgc factors in the increase in RR, as
workers from tropical, subtropical regions, regiavith high levels of air pollution, low and
middle-income countries have a higher RR of ocdaopat diseases arising from exposure to
heat.

One of the main methods used to identify the lef@ T that the worker is exposed to
is mediation through the Wet Bulb Globe Temperafi®WBGT) (Oliveiraet al.,2018). The
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accuracy of measurement results can be improvec wbhmbined with other measurement
models such as Predicted Heat Strain (PHS), and WBIGT was used by Chongt al.
(2020) in experimental studies with controlled Eevdls, with the aim of evaluating the
capacity of Human Adaptation (HA) to certain tengtere levels, the study suggests that HA
training can reduce levels of human error and redbe negative impacts of thermal stress.
Error levels are directly linked to the worker'gyndgive capacity; because Zhaagal. (2019)
show that there is a consensus among researcherscamplex tasks, such as conflict
resolution, are directly affected by high leveldt.

According to Borget al. (2023) occupational injuries and illnesses haveagr
relevance in the economic burden of treating warkeealth. Mathematical projections for
the future prepared by the authors indicate areas® in related costs by 2030 and 2050. In
the same context Kiret al. (2020) project a significant reduction in prodoaticapacity in
2030 in the Republic of Korea. These economic ttgpare confirmed in China by M al.
(2019), and in Australia by Irelared al. (2023) and Borgt al. (2021). The study by Fahed
al. (2018) in a steel industry, in which they quandfiee loss of productivity in environments
with high rates of ET, arising from the radiant theathe manufacturing process, in heavy
activities the loss of productivity is between 2@%@ 30%. Additionally, when classifying the
exposure time the authors report losses betweenaditl/s 6%.

The articles analyzed show that workers suffer dr@ffects on their health when
exposed to high levels of ET (Lucas al, 2014; Hansert al, 2018; Flouriset al, 2018;
Vargheseet al, 2018; Vargheset al, 2019; Vargheset al, 2020; Chonget al, 2020;
Fatimaet al, 2023; Ansalet al, 2021). The effects are diverse, ranging frondraymptoms
such as dehydration to severe ones such as orgaggda These consequences depend on the
ET levels and the physical and physiological charétics of the individual (Samaniego-
Rascoret al, 2019; Carteet al, 2020; Bensowt al, 2021; Laret al, 2022; Bendalet al,
2022). These effects on worker health are refletede reduction of the worker's productive
capacity, directly impacting their work capacityengrating loss of productivity, increased
operational errors, increased costs related to everlhealth treatment and a higher rate of
workplace accidents (Fahetlal, 2018; Zhangt al, 2019; Maet al, 2019; Kimet al, 2020;
Borget al, 2021; Borget al, 2023; Irelanckt al, 2023).
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2.4.2 Relations of workers affected by ET in the c¢opetitiveness of industrial
organizations

According Henacet al. (2019) one of the ways to improve the resultsnofustrial
organizations is the application of LM methods. Hug¢hors point out that LM improves the
performance of organizations, generating an orgdioizal virtuous circle. Still according to
Henaoet al (2019) human factors play a fundamental role endtability of economic, social
and environmental factors in organizations. In asafe work environment, the factor's
economic and performance organizational can isctdte Furthermore, the effects
compromise the productivity and competitivenesghef workers themselves Khahet al
(2020) report that actions applied to improve tleeker environment now play a key role in
these organizations. On the other hand Lestng. (2020) report that companies often invest
in social outcomes when these actions provide ctitiyge advantages, although social
relations with workers receive little attentionarganizational management. This indicates a
failure in corporate strategies, as Zéwual. (2021) project a potential reduction in worker
productivity due to future HS levels.

According to Ciccarellet al. (2022) there is a great use of LM tools in thededor
competitiveness in manufacturing industries. Initald, the authors report the existence of
several studies that address ergonomics and thgndesworker-centered workplaces. The
studies by Ciccarellet al. (2022) sought to evaluate, through a case stindyjnfluence of
4.0 technologies in supporting the development ofenergonomic equipment.

The literature shows that workers are constantradtothe competitiveness relations
of industries, which is why Rumsegt al. (2019) address in their studies the importance of
preparing and educating future professionals fatuse the manufacturing industry.
Investigating Georgia's educational models Runetegl. (2019) concluded that to develop
labor preparation systems aimed at industry, iessential to have partnerships between
industries, government and educational instituti@d®sncern for workers is a sensitive topic
that requires broad debate to improve organizaktipracesses, Czorngt al. (2018) record
analyzes and conclusions of several experts fratasimial and educational laboratories that
involve greater safety in the operations carrietd ou

The articles analyzed show that the human beingspt key role in industrial
organizations, as the human being is directly &by environmental conditions and at the

same time is an agent of environmental transfoonatCzornyjet al, 2018; Henacet al,
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2019; Rumseyet al, 2019; Leonget al, 2020; Ciccarelliet al, 2022). Furthermore, the
workplace and workers' health impact the economxiesaof these organizations, as the
worker's capacity has a direct relationship with lgvel of quality of the workplace (Khahro
et al, 2020; Zhuet al, 2021). In this way, industrial companies addptegies and tools to
minimize these effects, such as the standardizatigegrocesses, qualification and education
of workers, LM tools and adoption of 4.0 techno&sgyin ergonomics, especially when these
actions generate a competitive advantage when aeahga the competition (Henao et al.,
2019; Rumset al, 2019; Leonget al, 2020; Bhatt al, 2021; Ciccarellet al, 2022).

As can be seen in Figure 5, the human being iseaténter of the relations between
ET and competitiveness, ET directly affects the &nrbeing, reducing their work capacity,
the human being is the central element of the imdli€nvironment, having a direct influence

on competitiveness levels.

Figure 5

ET relations with humans and competitiveness
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The research results show, through the relations Adéf with humans and
competitiveness, that ET is the result of the hgeterated by manufacturing processes
(Fahedet al, 2018; Oliveireet al, 2018) and external heat arising from the clinfsi@ghese
et al, 2018; Vargheset al, 2019; Vargheset al, 2020; Fatimaet al, 2021; Fatimaet al,

2023). Heat becomes an element that causes inpmesccidents in the workplace, directly
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affecting human beings (Bendak al, 2022; Samaniego-Rascéhal, 2019; Bensort al.,
2021; Lanet al, 2022; Borget al, 2023; Fatimat al, 2023).

Injuries in turn directly affect human health, cagshumans to lose their health levels
(Lucaset al, 2014; Hanseet al, 2018; Flouriset al, 2018; Vargheset al, 2018; Varghese
et al, 2019; Vargheset al, 2020; Chonget al, 2020; Fatimeet al, 2023; Ansalet al,
2021). In the same direction, accidents affectrtdestrial environment, where human beings
are exposed (Fahed al, 2018; Zhanget al, 2019; Maet al., 2019; Kimet al, 2020; Borget
al., 2021; Borget al, 2023; Irelancet al, 2023).

The industrial environment and the human being magethe main elements of
industrial productivity, where the human being bbees an agent of productivity (Henab
al., 2019; Khahreet al, 2020; Bhatet al, 2021). Worker productivity is the result of the
productive capacity of the human being, which imtis affected by the loss of health (Z&iu
al., 2021; Rumsegt al, 2019; Ciccarellet al, 2022), generated by exposure to high levels
of AT (Bendaket al, 2022; Samaniego-Rascénal, 2019; Bensomt al, 2021; Lanet al,
2022; Borget al, 2023; Fatimat al, 2023).

In this context, the human being becomes the kayt po the relations between ET
and competitiveness, as the human being as an ageotker productivity and an element of
industrial productivity also becomes an agent ohgetitiveness (Czornwt al, 2018; Henao
et al, 2019; Rumsewt al, 2019; Leonget al, 2020; Ciccarelliet al, 2022; Bhatet al,
2021).

The competitiveness of industrial organizationsiépendent on all agents: Human
beings, worker productivity and industrial produitfi. These agents are the central elements
of the competitiveness of industrial organizatigHenaoet al, 2019; Khahrcet al, 2020;
Leonget al, 2020; Zhuet al, 2021; Ciccarellet al, 2022; Bhatt al, 2021; Rumsewt al,
2019; Czornygt al, 2018).

25 Conclusions

There are works related to the effects of ET on kimgr conditions, worker's
productive capacity, work accidents, injuries amdupational diseases (Bendakal, 2022;
Samaniego-Rascoet al, 2019; Bensoret al, 2021; Lanet al, 2022; Borget al, 2023;
Fatimaet al, 2023). Given this, we conclude that there i$ knlowledge of the impacts of

heat on workers' health, but there is no work ff@ht to a direct relation between ET and
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competitiveness. However, evidence indicates thpbsure factors are partly neglected; the
affected population lacks awareness of the riskispaiblic and private risk mitigation policies.

When looking at the topic of competitiveness, itclsar that ET is not seen by
industrial organizations as a factor that reduceapetitiveness, as no studies were found in
the literature that directly address the influeaE&T on the competitive capacity of industrial
organizations. On the other hand, there is romfstmation on how workers are affected by
ET. The costs related to injuries and occupatitrealth are high, in addition, there is clear
evidence of the reduction in workers' productivpamdty due to the effects on their health.

This work highlights a gap in the scientific litewee and organizational strategies in
the search for competitiveness. As the main aatotlse manufacturing process, workers, who
are mostly affected by exposure to ET, are not seeelements sensitive to environmental
risk. Studies related to the theme of competitigsn@im to improve processes through the
application of quality tools, insertion of 4.0 tecitogies and LM concepts (Henabal,, 2019;
Rumseyet al, 2019; Leonget al, 2020; Bhatet al, 2021; Ciccarelliet al, 2022). Not
considering the thermal influences of the environimas a possible root cause for low
competitive capacity.

The study suggests further research to directlyems$dthe impact of heat exposure
(TE) on the ability of industrial organizations &zhieve high levels of competitiveness.
Furthermore, it is recommended that these orgaarmatreat the impacts of heat on workers
as a public health problem and include a respam$edt stress as a point of analysis in their
strategic planning.

The documents analyzed fulfill the objective of erslanding how the relationship
between the reduction in the productive capacityvofkers due to heat exposure and the
competitiveness of industrial organizations is désd in the literature. The study also
highlights the central role of human beings in tbempetitiveness of industries.The
relationships revealed indicate that TE has indinepacts on competitiveness. TE affects
both humans and the industrial environment, whithurn have direct relationships with

competitiveness, as the latter depends on envirntaheonditions and human capabilities.
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4 CONSIDERACOES FINAIS

Analisar a influéncia da TA e seus impactos na patitividade das industrias de
embalagens flexiveis é o tema central da presesgusa. A RSL apresentada no Artigo 1
traz a este estudo o papel central do ser humanoomgetitividade das organizacdes
industriais (Czornygt al, 2018; Rumsewgt al, 2019; Henaet al, 2019; Khahreet al., 2020;
Leonget al, 2020; Zhuet al, 2021;Bhatt al, 2021; Ciccarellet al, 2022). O ser humano
tem reducdo em sua capacidade produtiva devidefadss da exposicdo a altos niveis de
TA na saude dos seres humanos (Runetegl, 2019; Zhuet al, 2021; Ciccarelliet al,
2022). Desta forma a TA afeta o ser Humano e a#tereondicbes do ambiente (Phanprasit,
2021). Os achados cientificos de Sargbsl. (2024) evidenciam que o ser humano ao ser
afetado pela TA, onde o préprio passa a ter redulgAcuas capacidades produtivas se
tornando um gerador de impactos negativos na prodiale das organizacfes industriais,
tendo como consequéncia reflexos financeiros @ estmnizacoes.

Os resultados da SRL, responde a um dos objetispscificos de pesquisa desta
dissertacdo, que é gerar subsidios para a mitiggg&tscos oriundos da TA no ambiente
fabril. O ser Humano é diretamente afetado peladésta forma considerar esta variavel na
estratégia de gestdo permite a mitigacao dos rasssciados a TA na produtividade e saude
dos trabalhadores.

A partir destas evidéncias apresentadas da SRlestoauturado o estudo de caso,
apresentado no Artigo 2. Que por sua vez evidargiocorréncia de altos niveis de TA nos
ambientes analisados, através da medicdo WBGT. Aliésp, evidenciou-se que ha um
incremento médio de Dihsidena ordem de 4,21 °C na TA do local de trabalhoyelatao
as medicbes oficiais do INMET. A identificacdo t@ssniveis de TA e o Dinside
respondem a outro objetivo especifico de pesqqisa,é relacionar os niveis de temperatura
externa com a temperatura no ambiente de trabalre grojetar niveis de TA dos periodos
historicos. Esta projecao evidenciou que elevadidisés de TA sdo corrigueiros no ambiente
fabril ao longo do periodo estudado, reforcandoeaessidade de considerar os riscos
relacionados esta variavel no gerenciamento doearteindustrial.

De posse das relacdes da temperatura externa cempeeratura do ambiente de
trabalho obteve-se o atendimento do préximo olgedspecifico, que é relacionar o histérico

de registros climaticos com o histérico dos KPI.d®ros indicadores analisados, KPI de
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Acidente de Trabalho, KPI % Devolucdes e KrirformanceOEE evidenciam a influéncia
da TA no resultado dos referidos KPI.

Para o KPI Acidentes de Trabalho, evidenciou-semais da metade dos acidentes
(51,09%) ocorreram em condicdes de TA acima de 23,70 KPI % Devolucdes Produtos
evidencia que produtos fabricados em dias com peor a 27 °C representam 73,27% das
mercadorias devolvidas obtendo uma correlacdo desé® forte positiva na ordem de 0,890,
ou seja, conforme os niveis de TA se elevam o paraede mercadorias devolvidas também
se eleva. O KPPerformanceOEE das maquinas impressoras (N° 1 e N° 2) atingeun
melhor desempenho de OEE em condi¢bes de TA alux@8 °C e evidencia-se uma
correlacdo de Pearson forte negativa na ordem,84040 para a maquina N° 1. Desta forma
conforme se elevam os niveis de TA o OEE da mad\iradecai.

As relacdes evidenciadas no comportamento dos &plondem ao ultimo objetivo
especifico de pesquisa, que é avaliar a variavelcdmo uma variavel que influencia
competitividade da industria de embalagens. Aléssalios resultados encontrados trazem
subsidios para a mitigacao dos riscos oriundosAdaclambiente fabril.

Desta forma, estes resultados evidenciados nocediidaso descrito no Artigo 2 e 0s
resultados encontrados na RSL descrito no Artigoedpondem a indagacdo da presente
pesquisa, que busca entender quais 0s impactof\da Tcompetitividade da industria de
embalagens.

Por fim, a presente pesquisa evidencia que a Tlaémcia na competitividade da
industria de embalagens flexiveis, imputando petelgprodutividade, aumento de custos,
perda de qualidade gerformancedos seus KPI. Além disso, h4 o aumento dos rideos
acidentes no ambiente de trabalho, que elucidgartdncia do tema no ambito empresarial e

académico, permitindo um novo olhar para a variayel

4.1 Implicacbes académicas e empresariais

Os resultados de pesquisa destacam algumas igi@Eas entidades industriais e ao

meio cientifico:
* O mapeamento da TA associado aos modelos de ppediséempo, as organizacoes
industriais através de seus gestores possuem g&ortk estimar os futuros niveis de

TA no processo de manufatura e classificar o nédeelrisco para a capacidade
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produtiva dos trabalhadores, qualificando as pessitonsequéncias a saude dos
trabalhadores expostos a TA.

* A importancia de monitorar e controlar as condic@&snicas no ambiente de
producdo para garantir o cumprimento das metasbadstadas por KPI, e
consequentemente manter a competitividade e o ¢esdm operacional da
organizacao.

* A importancia de investigar a influéncia da TA manpetitividade das organizacdes
inddstrias

* A identificacdo do ser humano como elemento cemtaaprodutividade industrial,

conforme evidenciado na RSL.

Com base nestes resultados fica evidenciado quegasizacées nédo consideram a
TA como um fator de risco para atingir a plena cetitipidade perante a sua concorréncia e
h& uma necessidade imediata de inserir em seusjgquta@ntos estratégicos a TA como fator

de risco e com isso gerar estratégias para mitigdestes riscos.

4.2  LimitacOes de pesquisa

As limitacdes de pesquisa da presente dissertatdo ro ambito de sua amplitude,
pois os resultados deste estudo se limitam a urita @mostra de organiza¢do industrial.
Além disso, os KPI selecionados representam ungidralos indicadores existentes na
organizacdo. Desta forma néo é garantido quesofiados encontrados se repitam em outras

organizacdes com as mesmas relacdes e intensidade.

Mediante a isso, recomenda-se a realizacdo de megaglisas explorando de forma
mais representativa o quantitativo e a diversiddde industrias nacionais. Além disso,
recomenda-se novos estudos que possam relacianfiuéncia da TA em outros tipos de

KPI que néo foram abordados neste trabalho.

4.3  Sugestdes para trabalhos futuros

Os resultados consistentes desta dissertacdo trazeannova perspectiva ao tema,
possibilitando que novas pesquisas sejam elaboratlasdando o tema com maior
profundidade. Desta forma, sugere-se que sejanoreldds futuras pesquisas que tratem a
influéncia da TA em outros tipos de KPI, pesquisa® maior capilaridade de organizagcGes
industriais que ndo foram abordados neste trabalho.



43

Além disso, sugere-se futuras pesquisas na temgtstio de riscos. Buscando
analisar o emprego de ferramentas de analise @esniglacionadas ao ambiente industrial e a

competitividade.
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ABSTRACT

Objectve:This study systematcally reviews the literature on the impact of environment temperamre on indusirial
workers and the competitive capacity of industrial organizations.

Theorstical Framework-Fesearch such as that by Ferran et al. {2023) and Varghese (2018) indicares that the
relatfonship between heat and occupational health is predominsnt, infloencing productivity and economic costs,
Bozg eral. (2021) highlight the need to explore the economic impacts of heat in the workplace to develop effective
manarement policies. Hariyami et al. {2022) emphasize the importance of integrating sustainability and technology
into organizatonal strategies (o NCTease compettveness.

Method:-Usmg the PRISMA protocol and the Science Direct, Web of Science, PubMed and Scopus datsbases, the
research anslyzed 329 docoments from 31 journsls.

Eesults and Discussion: The results indicate that high environment temperatures affect the physical and mental
health of workers, reducing productivity. Organizations implement sirategic actions and mitigstion measures when
they perceive competitive advantages However, mdustries do not see environment temperammre as & direct facior
in reducing competitiveness, addressing it as secondary to the economic axis, which creates a knowledze gap.

Research Implications: This research allows organizations to creste new sirategies to mitigate nisks that may
reduce their competitive capabilities. In addition, it allows for the creation of direct actons for the thermzl comfort
of workers, due to the central role of hnman betngs in the competitive capacity of industrial orgamzations.

OriginalityValwe:This work highlights 3 pap in the sciennfic literatore snd in osganizanonzl strategiss o the
sesrch for compettiveness, since the main actors in the mamfactning process, the workers, who are the most
affected by exposure to AT, are not s2en as elements sensifive to eovironmental risk .

EKevword:: Eovironment Temperature, Heat Stress, Competitiveness, Indusiry, Workplace, Workers.
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ESTRESSE TERMICO E 5TA RELAC AQ COM A INDUSTRIA: REVISAOQ SISTEMATICA DA
LITEFATUEA

ERESUMOD

Cbjetive: Ests esmdo snaliza sistematicamente a litersmra sobre o impscto da temperaters ambientsl nos
trabalhadores industriziz @ a capacidzde competitva das organizagdes industriais.

Quadroe Tedrico: Pesquisas como a5 de Ferrar et al. (2023) @ Varghese (2018) indicam que 2 relagio enire calor
¢ sande ocupacional & predominants, influenciando a produdvidade & os custos economicos. Borg et al (20213
destacam & necessidade de explorar os impactos scomdmicos do calor no lecal de mabalho para dessavelver
politicas de pestio eficazes. Hariyani a2l (2027) anfatizam 5 impertancia de intagrar sustenssbilidzds e ecnologia
£In e5TAIEZiAs OIZanizACionals PAra ANmentsr @ competnvidads.

Metodo: Utlizando o protocols PRISMA 2 as bases de dados Science Direct, Web of Science, Publed & Scopus,
1 pasquiza analison 329 docomentos de 31 revistas.

Re:uleados & Discassao: Os resnltados indicam que as altas temperamras ambiencais sfamm g saade fisica @ menml
dos webalbadores, reduzinde a produtividade. As organizagdes implementzm agdes sswatégicas ¢ medidas de
mitigacio quando percebem vantagens competitivas. Mo sntanto, 35 indnstriss ndo veem 3 temperatura ambients
como um Sxtor direto na redugde dz competitividade, sbordande-a como secundaria em relagio a0 eixo econdmico,
o que crna ums lacuns de conhecimento.

Implicacoes da perguisa; Esta pesquisa permite que as oTgamzscoes Clem novas esirategias pata mitigar miscos
gue podem reduzir suas capacidades compettivas. Alem disso, permite & criagdo de agdes direras de conformo
termico dos trabalhadores, devido ao papel central dos seres homanos na capacidade competitiva das organizactes
imdustriais.

Originalidade valor: Este trabalbo evidencia uma lzcuna na literatura cientifica e nas estratégiss organizacionais
na busca de competitividade, uma vez gue os principais afores do processo de fabricacdo, os trebalhadores, que
530 o5 mais afetados pela exposigio a TA, ndo sdo vistos como elementos sensiveis ao risco ambiental

Palavras-chave: Temperamra Ambiental, Estmesse Ténmico, Competitividade. Indastia, Local de Trabalbo,
Trabalkadores.

ESTRES TERMICO ¥ 5URELACION CON LA INDUSTRIA: UNA REVISION SISTEMATICA DE
LALITERATURA

RESUMEN

Objetive: Este esmadio analiza sistematicaments la literamza sobre el impacto de I temperaturs smwbiental en los
mabaj adores indusmales v la capacidad competitva de las organizaciones indusmoiales.

Marce Tedrico: Investizaciones como 1a de Ferrari et al. {2023) v Varghese {2018) indican cue 1a relacion entre
calor v salnd ocupacional es predominante, influysndo en la productividad v los costos economicos. Borg et al.
(2021) destacan la necesidad de explorar los impactes economices del calor en al lugar de mabajo para desarrollar
politicas de gestion eficaces. Haryend et al (2022} enfatizan la fmportancia de fomegrar la sosteaibilidad v la
tecaologia en Ias estratesin: organizacionsles para sumentar 1 compettividad,

Metodo: Unlizando el protocolo PRISMA v 1as bases de dates Science Direct, Web of Science, PubMed v Scopus,
1a investizacion anslizd 329 documentos de 31 revistas.

FResultades v Discosion: Los resultades indican que las altas temperaturas ambientalss afactan la salud fsica v
mental de los mebajadores, reduciendo la productividad. Las organizaciones implementan acciones estrategicas v
medidas de mitigacion cuando perciben ventsjss competitivas. Sin embargo, las indusrias no ven la tempersiura
ambiente como un factor divecto de reduccion de s compentividad, considerandola secundaria en relacion al eje
economico, lo que geners una brecha de conocimienta.
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Implicaciones de la investigacidn: esta investizgacion permite a las organizacionss CreaT onevas estrategias pama
mitigar los riesgo: que pueden reducir sus capacidades competitivas. Ademas, permite crear acciones directss para
el confort térmico de los mabajadores, debido al papel central del ser humane en 13 capacidad competitiva de las
organizaciones indusmiales.

Originalidadivalor: Este wabajo destaca un vacio en la literamra cientfica v en las esirategiss organizacionales
en la busqueda de la competitividad, ya que los principales actores del proceso de fabricacien los wabajadores,
que om0 los mas afectados por 1s exposicitn 3 las AT, no son vistes come elementos sensibles. al Hesgo ambiental

Palabraz clave: Temperstura Ambientsl, Eswés Ténmicoe, Competitividsd, Industria, Lugar de Trshajo.
Trabajadores.

BGSAadota a Lxenga de Amribuican CC BY do Creaove Commons (hitps:creatvecommons orglicersesbywd 0.

1 INTRODUCTION

Global events. such as the COVID-19 pandemic. have generated profound reflections
n orgamizations arovnd the world, mypacting production and global supply systems, causing
advances in primary materials and loss of competitiveness i several sectors. aggravating
exchange rate variations and generating inflation resulting from these impacts.

According to El Khatlb ef al (2022) modem organizations are more impacted by
external factors, as they are more dependent on globalized systems. In this comfext, it is
umportant that they develop well-structured strategies that enable them to be competitive.

However, it is also necessary to consider that these organizations are subject to the
consequences of political social economic, and envirommental factors. In relation to
environmental factors such as temperatnre and relative humidity, these become extremely
important, as Borg ef al (2021) report that the impact of wamming on the economic level is
substantial

Fatima et al. (2022} analyzed the effects of extreme temperatures | relating the impacts
of Environmental Temperature (ET) on occopanonal diseases. suggesting that the nsk of
diseases increases substantially at high temperatores. in the order of 402 °C | with greater
potential impact at moderate temperatures, m the order of 32.3 °C, the study sought to associate
ET with accident records in the same period. collaborating with (Ferran. 2023). In thus same
context Varghese et al. (2018) carried out a systematic review of the literatre. to look for
structured relationships befween heat exposure and worker imjuries. According to the authors,
there iz a need for interventions aimed at incorporating preventive acticns. as on hotter days an
increase in injunes and loss of productivity can be expected.

Pev. Gest 5oc. Ambient | Miami |v. 1808 |p 1-19 |eD8351 | 2024. i
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Interventions i work environments may become an immninent need doe to the
predictions of temperature rise due to climate change, sudies by Dorado et al (2023) mention
that the temperature may increase by 4 °C in the future; therefore understanding the effects of
ET in industrial environments could become a strategic axis for these organizations.

It is believed that the effects of ET in the closed workplace can directly impact the
competitiveness of mdnstrial orgamizations. as Amni er al (2021) concleded in their stpdies
that ET can generate positive and negative effects on workers' productivity, since, in cold
regions, there is an increase in productivity and, on the other hand, in hot regions, there is loss
of productivity due to the heating of the workplace. Using data from weather stations and
mathematical software. the aforementioned authors designed scenarios of impact on worler
productivity. About this same perspective Scuza ef al. (2020) also seek to identify the impact
of climate change on the worlforce of workers in open envisonments, carmrying ouf
mathematical projections based on the Environmental Stress Index (ESI) associated with
climate models to measure the influence of temperature on the workplace at the end of the 21st
cenmry (2071-2100). The data shows that high temperature generate a reduction in woik
capacity and when exceeding 30°C it contributes substantially to an increase in worker errors.
In the most serious scemario, the effects of warnung indicate that the worker's productive
capacity can range from 0% to 25%, generating continnons interriptions in the worldng day.
however the proposed model does not make projections of workers in closed wotrkplace.

When looking at indoor environments it is necessary to consider the influence of
construction charactersstics. which according to Hidalgo et all (2023)), wbanized environments
have a greater thermal absorption capacity due to the nature of the consfruction materials used.
such as bricks and concrete, which make it difficult to cool urbanized areas.

In view of the above, in order to better understand the relationship between ambaent
temperatre and workers and industrial organizations. a Systematic Literature Beview (SLR)

was camed ouf.

ITHEORETICAL REFERENCE

One of the ways to identify bnowledge on a given topic is the SLE_ according to Gohr
et al {2013 this model presents consistent and reliable results for the scientific commmnity. To
achieve this objective. if i3 essential that researchers determine a recognized protocol for
collecting and processing data. the object of research (Thompson, 2023
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The analysis of pre-existing Imowledze provides support for the research spectrnum and
foundations for the preparation of the werd: Through systematie mapping Ferrare of al (2023)
songht to identify the impacts of climate change on workers, at the end of the research they
identified that the most commeon relationship in articles related to the topic is the assoctation of
heat with occopational health and work accidents. which in turn were confirmed by stodies
carried out by (Varghese, 2018). Contributing to the discussion studies of Borg ef all (2021)
who identified considerable knowledge regarding the effects of ET on workers' health and its
consequences on productivity, the economic costs of these losses are substantial and poctly
understood. According to the anthors, ftnre research that explores the relationship between ET
and costs is important for creating new management policies to mininize the economic impacts
arising from ET (Borg, 2021).

Considering the economme spectrum Harvvam ef al (2022) sought to identify Imowledze
regarding the agile mannfacturing context of integrated green and sustainable six sigma to
create high-performance and competifive organizations. The authors identified that the context
of the planet, the comtext of the organization and the context of technology need to be pillars
of the orgamzation'’s strategic plan

Competitiveness is a relevant topic of research due to the importance of this context for
the snivival of organizations. Halliowd ef al. (2022} sought to understand these relationships and
ideptified that there continues to be a gap in the literature so that crganizations can become
more contemporary and competitive.

The state of the art highlights a gap in knowledge regarding the direct relation between
ET and the context of crganizational competitiveness. In addition it suggests that pew shudies
that directly address and investigate these factors will be explored.

IMETHODOLOGY

The structare of the present study is based on the analysis and review of scientific
literature. using five databases, mitially limited to studies published in 2021, 2022 and 2023, as
researchers are interested in the state of the art of the study topic. The model proposed by Gohr
et al. {2013) was used which contains three methodological phases for stncmrmng this research:
rezearch question selection of previcus works and classification of worls suitable for study.
Also. the protocol considered was Preferred Reporting Ttems for Systematic Reviews and Meta-
Analyzes (PRISMA). adapted from Saputea ef al. (2024) to crder the qualitative and quantitative
analyzes.
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The search for related worls was bazed on the adapted strategy of Varghese ef al
(2018). which combined the keyvwords and possible synonyms of the referenced study. along
with words related to the theme of industrial competitiveness. obtaining two axes of Stings.
the first search being related to reseasch Q1 and the second search related to research Q2.

String 1: “environmental temperature” OF  “environment temperature”™ AND
“occupational infuries” AND “heat stress” AND “workplace heat exposure”™ OR “workplace
hot temperature”™ AND “health and safety™.

String 22 “competitiveness of indostry”™ AND “workplace” AND “worker” OR
“workers”.

The present study used the databases Science Direct, Scopus. PubMed. and Web of
Science. imited to review and research articles. the bases and strings were organized as shown

in Fignre 1.
Figure 1
Bases used in studies.
Y
- |8
BB
5
&

The base PubMed was chosen to search for articles related to string 1 due to the nature
of the Lterafure published in the jouwrnal which focuses on the areas of bicmedicine, human
heatth life sciences. behavioral sciences, chepweal sciences. and bicengineenng. On the other
hand, the Web of Science database was chosen for string 2. due to its breadth of coverage.
containing a wide range of academic books. jowrnals, and conference proceedings This
separation of the bases contributed to the crgandization of the present study, senerating an
alignment of the search areas with the established review method and the research qmestions.

The synthesis of tesearch results is presented in two topics, the first addresses the
conseguences of worker exposure to high levels of ET. The second topic deals with the relations
of workers affected by ET in the competitiveness of industrial organizations. In the end. the
relationships found are presented in the form of a conceptual map.
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3.1 METHOD OF SYSTEMATICIITERATURE REVIEW

This theoretical study started from the identification of a problem that requires answers
to direct and substantiate the research spectrum. The problem was: How are the relationships
between reduced worker productive capacity resulting from exposure to heat and the
competitiveness of mndustrial organizations descnibed m the literature? In this way. we seek to
understand pre-existing knowledge regarding the effects of heat exposure on productive
capacity and the mfluence of these consequences on the competitiveness of industrial
Ofgamzations.

Besearch questions:

1: What are the consequences of worker exposure fo high ET levels?

2: What are the relationships of these workers affected by ET in the competitiveness
of industrial orgamzations?

Based on the adaptation of the PRISMA protocel asseciated with the model proposed
by Gobr ef al (2013) the methodological steps for implementing this SLE were deternined.
The steps are described below.

3.2 INCLUSION AND EXCT USION CRITERIA

Inchnsion:

a) scientific articles published in the English lanmmage from January 1. 2021 to December
15, 2023 in the databases listed in Figure 1;

L) stadies that address worker exposure relaticnships to high levels of ET;

c) studies that address the relationships between ET and workers. with the competitiveness
of industrial orgamnizations.
Exchision:

a) duplicate articles in the databases;

L) articles with titles where the kevwords are isolated or not contexmalized to the research
torpic;

c) studies that do not address the relationships between ET exposure in the population
outside the industnial workplace:

d) studies that address competitiveness in non-industrial crganizations.

Fev. {Fest. Soc. Ambient. | Miami | w1829 |p.1-19 | 08351 | 2024,
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A total of 329 articles published from 2021 to 2023 were identified After completing
the steps described in Figure 2, the selected articles were divided into two string categorizations.
Figure 2 illustrates the selection protocol applied.

Fignre 2
PRISMA protocol for selecting studies for subsequent analysis.

FRecords klectBed fhiough Adcktionsd recoicis chentifed
daiabnss ssanching {n=229) through oeher soufces {n={}

T T
¥ ¥

Recons afier duplicnies removed
m=3Fil)

= T
i
]
w Amcoroy soreened (re=10) | o Recomis exclged ee=16)

L)
==
= Fulbiegl pricien pasesseg Full-iet pyrii b st uced
F-] hor ebpbiley (n=28E6) 0 wiih rensores (n=2500
x
o

X

Shuadies rckided m
duisttiatnee syeihiess (=15)
. ) [
STHIMNG 1 STRING 2
Shiles moiuded m Shudiss nciided m
CuinlEmiive wyrEesis (n=05) nuaiiaive synibess [n=10)

Fonote: Adapted fom SADPUTEA Bibliomemic Analysis of Research Publication Trenmds om Job Fotstion
Satisfaction. Fevista de Gestdo Social e Ambiental, 18, 0. 9, p- 205312, 04726 2024

String 1 15 related to Q1. while string 2 refers to Q2. The present SLE study identified
a total of 35 documents suitable for extraction. categorizing their typology and metheds used,
there are 18 theoretical studies and 17 practical studies. being: 11 SLE. or meta-analysis stadies.
10 case studies, 5 statistical data analysis, 4 interview research 2 experimental reseaich 2
longitudinal empirical research, 1 expert panel. and 1 empinical analysis.
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4 EESULTS AND DISCUSSION
4.1 CONSEQUENCES OF WOBRKER EXPOSURE TO HIGH LEVELS OF ET

Currently. researchers are concerned (Borz et al, 2023; Fatima ot al, 2023) regarding
the topic of heat, the effects of ET on workers' health and cccupational risks related o ET
denunate the research cbjectives. Furthermore, there are projections that point to a tendency for
the impact of ET on working conditions to merease in the fisture (Kim& Lee, 2020).

The stody of Varghese ef al (2018) indicates that the prospect of increased heat will
represent a significant growth in accidents and injuries at work generating losses associated
with workers' productive capacity. In a later case smdy Varghese er al (2019) mapped
temperamre levels related to injury types. The 33 3% C Belative Risk (RR) range is classified as
moderate temperatures, and the 40.6° C RE range is classified as extremely hot temperatires.
however. Fatima ef al. (2023) consider 38° C as an extreme temiperature, and considering obese
people or people with comorbidities. a temperature of 37.6° C is considered hyperthernua
according to Flowris et al. (2018).

The man mjwies identified are: Trauma joint injuries, omscle inpuries. buoms,
dermatitis. lacerations, ampitations, organ imjuries, symptoms of exhavstion cramps. skin
rashes. dehydration. and death (Bendak ef al, 2022 Samanieso-Fascon ef al, 2019; BENSON
et al, 2021; Lan et al, 2022). Furthermore, there are intrincic facters that aggravate injury
levels. Varghese ef al (2020) and Hansen ef al. (2015) report that some workers are unaware
that heat can be related to health problems. however, stodies by Carter er al. (2020) pomnted out
that 79% of workers interviewed present chromic symptoms of Heat Stress (HS), which tends
to worsen when associated with other factors.

Socioeconomic condition 1s considered a factor that worsens the effects of HS. becanse
Lucas et al (2014} report that workers with lower soctoeconomic statis exceed phvsiological
limits for heat exposure due to fear of betng fired from their jobs and Fatima ef al (2021) point
out that more experienced workers have an increased BR to injuries due to self-confidence. On
the other hand, self-control can be an important tool m reducing the RE on workers® health (Lao
efal, 2016).

The literature shows that there is no distinction between groups among wotkers who
may be affected by exposure to high levels of heat. according to Ansah ef al. (2021) young, old.
men or women wotkers suffer adverse symptoms ansing from imadequate exposure to heat.
What can change between proups are the type of inury and its level of intensity. Furthermore,
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the authors cite the existence of geographic factors m the increase in BB as workers from
tropical. subtropical regions. regions with high levels of air pollution low and muddle-income
countries have a higher BR. of occupational diseases arising from exposure to heat.

One of the main methods nsed to identify the level of ET that the worker is exposed to
15 mediation through the Wet Bulb Globe Temperature (WBGT) (Olivewra ef al,, 2018). The
accuracy of measurement results can be improved when combined with other measurement
models such as Predicted Heat Strain (FHS), and ESI. WBGT was used by Chong ef all {2020)
in experimental studies with controlled ET levels, with the aim of evaluating the capacity of
Human Adaptation (HA) to certamn temperature levels. the study suggests that HA training can
reduce levels of human error and reduce the negative impacts of thermal stress. Error levels are
directly linked to the worleer's cognitive capacity: because Zhang f al (2019) show that there
is 3 consensus ameong researchers that complex tasks, such as conflict resolution. are directly
affected by high levels of ET.

According to Borg et al. (2023) occupational injuries and illnesses have great relevance
in the econcanic burden of treating workers' health. Mathematical projections for the foture
prepared by the awthors mdicate an increase in related costs by 2030 and 2050, In the same
comtext Kim et al. (2020) project a sigmficant reduction in production capacity in 2030 in the
Republic of Korea. These economic impacts are confirmed i China by Ma et al. (2019). and
in Aunstralia by Ireland et al. (2023} and Borg efal (2021). The study by Fahed et al (2018) in
a steel mdustry, in which they quantified the loss of productivity in environments with high
rates of ET. anising from the radiant heat of the manufacturing process. in heavy activities the
loss of productivity is between 20% and 30%. Additionally, when classifving the exposure time
the aunthers report losses berween 61% and 76%.

The articles analyzed show that worlcers suffer harmfinl effects on their health when
exposed to high levels of ET (Lucas ef al, 2014; Hansen et al.. 2018; Flouns ef al., 2018;
Vatghese ef al.. 2018; Varghese ef al., 2019; Varghese ef al., 2020; Chong ef al.. 2020; Fatima
et al. 2023; Ansah ef al., 2021). The effects are diverse. ranging from nuld symptoms such as
dehydration to severe ones such as organ damage. These consequences depend on the ET levels
and the physical and physiclogical characteristics of the individuoal (Samaniego-Fascén of al.,
2019; Carter ef al., 2020; Benson et al.. 2021; Lan er al., 2022; Bendak ef al., 2022). These
effects on worker health are reflected m the reduction of the worker's prodoctive capacity.
directly impacting thetr work capacity, generating loss of productivity, increased operaticnal
errors, increased costs related to workers' health treatment and a higher rate of wotkplace
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accidents (Fahed ef al.. 2018; Zhang ef al. 2019; Ma et al_, 2019; Kim &f al , 2020; Borg et al.,
2021; Borg et al.. 2023; Ireland ef al.. 2023).

42 RET ATTIONS OF WORKERS AFFECTED BY ET IN THE COPETITIVENESS OF
INDUSTRIAT ORGANIZATIONS

Acording Henao et al. (2019) one of the ways to improve the results of industrial
organizations is the application of LM methods. The authors point out that TM improves the
performance of crganizations, penerating an orgamnizational virtoous circle. Stll according fo
Henao et al (2019) uman factors play a fundamental role in the stability of economic. social
and envirommental factors i orgamizations. In an unsafe work emvironment. the factor's
economic and performance organizational can is afected. Furthermore, the effects compromise
the productivity and competitiveness of the workers themsebves Khahro e al. (2020) report that
actions applied to improve the worker environment now play a key role i these orgamzations.
On the other hand Teong et al. (2020) report that companies often invest in social cutcomes
when these actions provide competitive advantages. although social relations with workers
receive little attention in organizational management. This indicates a failure in corporate
strategies. as Zhm et al (2021) project a potential reduction in worker productivity due to futere
HS levels.

According to Ciccarelli ef al. (2022) there is a great use of LM tools in the search for
competifiveness in manufachuning industries. In addition. the authors report the existence of
several smdies that address ergonomics and the design of worker-centered worplace. The
studies by Ciccarelli ef al. (2022) songht to evaluate, through a case stody, the influence of 4.0
technologies in supporting the development of more ergonomnic equipment.

The literature shows that workers are constant actors in the competitiveness relations of
industries, which is why Buemsey of al (2019) address in their studies the umportance of
preparing and educating fotuwre professionals focused oo the manufachuwing indwvstry.
Investigating Georgia's educational models Rumsey ef al. (2019) concluded that to develop
labor preparation systems mimed at industry. it 15 essential to have parinerships between
industries, government and educational instintions. Concern for workers is a sensitive topic
that requires broad debate to improve organizational processes, Czorny) ef al. (2018) record
analyzes and conclusions of several experts from indunstrial and educational laboratories that
invelve sreater safety in the operations carried out.
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The articles analyzed show that the huwman being plays a key role in industrial
organizations. as the human being is directly affected by environmental conditions and at the
same time is an agent of environmental transformation (Czoryjer al, 2018; Henacer al,, 2019;
Rumsey et al, 2019; Leong ef al, 2020; Ciccarelli er al, 2022). Furthermore, the wotkplace
and wotkers' health impact the economic axes of these crganizations. as the werker's capacify
has a direct relationship with the level of quality of the workplace (Khahro ef al, 2020 Zim &t
al, 2021). In this way. industrial companies adopt strategies and tools to mininize these effects.
such as the standardization of processes, qualification and edncation of workers. TM tools and
adoption of 4.0 technologies in ergonomics, especially when these actions generate a
competitive advantage when compared to the competition (Henao ef al.. 2019; Rumsey et al.,
2019; Leong et al., 2020; Bhat et al., 2021; Ciccarelh ef al., 2022),

As can be seen in Figure 3, the buman being is at the center of the relations between ET
and competitiveness, ET directly affects the human being, reducing their work capacity. the
human being is the central element of the indestnial envirenment. having a direct influence on
competitiveness levels.

Figure 3
ET relations with humans and competitiveness
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The research resmlts show, fhrough the relations of AT with hemans and
competitiveness, that ET is the result of the heat generated by manufacturing processes (Fahedef
al., 2018; Oliveiraer al., 2018) and external heat arising from the climate (Vargheseer al., 2018;
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Vargheseer al. 2019; Varghese ef al,, 2020; Fatima er al , 2021; Fatima ef al., 2023). Heat
becomes an element that canses injuries and accidents in the workplace, directly affecting
human beings (Bendalk: of al.. 2022; Samaniego-Rascon et al.. 2019; Benzon ot al, 2021; Lan
et al.. 2022; Borg et al. 2023; Fatima ef al.. 2023).

Injuries in tom directly affect human health, cansing lmmans to lose their health levels
(Lucas et al . 2014; Hansen or al.. 2018; Flouris et al, 2018; Varghese er al . 2018; Varghese
et al, 2019; Varghese ot al., 2020; Chong et al_, 2020; Fatima ot al , 2023; Ansah et al., 2021).
In the same direction accidents affect the industrial environment, where human beings are
exposed (Fahed ef al.. 2018; Zhang of al.. 2010: Ma eral . 2019; Kim ef al.. 2020; Borg et al..
2021: Borg er al.. 2023; Ireland ef al . 2023).

The mdustrial environment and the buman being make vp the main elements of
industrial productivity, where the human being becomes an agent of productivity (Henao et al..
2019; Ehahro et al | 2020; Bhat ef al_. 2021). Worker productivity is the result of the productive
capacity of the buman being, which in tun is affected by the loss of health (Zhm ef al., 2021;
Bumsey et al., 2019; Ciccarelli ef al, 2022). generated by exposure to high levels of AT
(Bendak ef al. 2022; Samamego-Rascon ef al., 2019; Benson ef al.. 2021; Lan et al.. 2022;
Borg eral, 2023; Fatima e al, 2023

In this context, the human being becomes the key point in the relations between ET and
competitiveness, as the bmman being as an agent of worker productivity and an element of
industrial productivity also becomes an agent of competitiveness (Czormy) et al. 2018, Henao
et al_, 2019: Rumsey of al., 2019; Lecng ef al., 2020; Ciccarelli of al . 2022; Bhat et al., 2021).

The competitiveness of mdustrial organizations is dependent on all agents: Human
beings. worker productrvity and mdustrial productivity. These agents are the central elements
of the competitiveness of industrial orgamzations (Henao at al, 2019; Ehahwo et al.. 2020;
Leong et al., 2020; Zhu ef al., 2021; Ciccarelli et al., 2002; Bhat et al., 2021; RBumsey ef al.,
2019; Czomyj et al.. 2018).

S CONCLUSIONS

There are works related to the effects of ET on working conditions, werker's productive
capactty, work accidents injuries and ocenpational diseases Bendak er al. 2022; Samaniego-
Rascom efal , 2019; Benson et al., 2021; Lan et al . 2022 Borg &f al, 2023; Fatima et al | 2023).
Given this, we conclude that there is full knowledee of the mipacts of heat on workers' health,
but there 15 no work that point to a direct relations between ET and competitiveness. However,
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evidence indicates that exposure factors are partly neglected; the affected population lacks
awareness of the rislks and public and private risk smtigation policies.

When looking at the topic of competitiveness, it is clear that ET is not seen by industrial
orgamizations as a factor that reduces competitiveness, as no studies were found in the literatugre
that directly address the influence of ET on the competitive capacity of industrial organizations.
On the other hand. there is robust information on how workers are affected by ET. The costs
related to injunies and ccoupational health are high in addition, there is clear evidence of the
reduction in workers' productive capacity due to the effects on their health.

This wotk highlights a gap in the scientific literature and orgamizational strategies m the
search for competitiveness. As the main actors in the manufactoning process, workers. who are
mostly affected by exposure to ET. are not seen as elements sensitive to environmental nsk
Studies related to the theme of competitiveness aim to improve processes through the application
of guality tools, insertion of 4.0 technologies and T M concepts (Henao et al. 2019; Bumsey ot
al, 2019; Leong ef al. 2020; Bhat ef al. 2021; Ciccarelli ef al., 2022). Not considering the
thermal influences of the environment as a possible root cause for low competitive capacity.

The study suggests fiorther research to directly address the impact of heat exposure (TE)

on the ability of indostrial crganizations to achieve high levels of competitiveness. Furthermore,
it 15 recommended that these organizations treat the impacts of heat on wotkers as a public
health problem and inciude a response to heat stress as a point of analysis in their strategic
planning

The documents analyzed fulfill the cbjective of wnderstanding how the relationship

between the reduction in the productive capacity of workers due to heat exposwe and the
competitiveness of mdustrial organizations 15 deseribed in the literature. The study also
highlights the central role of human beings in the competitiveness of industries.

The relationships revealed indicate that TE has indirect mpacts on conpetitiveness. TE

affects both humans and the mdustrial environment. which in furm have direct relationships with
comypetitiveness. as the latter depends on environmental conditions and nman capabilities.
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APENDICE A - Relatérios de medicdo WBG

Relaldrio Protemp 4 @ PHO.’EEP 4 SN, 8?9@}'3

63

Empresa avaliada: Indistria Embalagens Empresa avakadora:
Setor: Impressao

Realizado por: André Santos
Ensaio

Data: 07/02/2024

Duragdo: 060743 Tempo em pausa: 00:00:00

Inigio: 11:00:32 Fim: 17:00:32

Resultado da avaliagao
Indice do instrumento Modelo do instrumenta IBUTG IBUTGe
1 PROTEMP 4 35,00 34,90
Observagoes
[ ]
André Santos
Registra: Day11
Ralaldrio Pu\"w&a 4@ PHOTLA_J.'P 4 SN: 019050073
Infermagoes do instrumento
PROTEMP 4{019050073)
Cert, cal: CRLOB60/2023 16/05/2023
Resultados parciais
Bulbo seco [°C] Bulbo umido [*C] Glabo [*C] IBUTGI [°C] IBUTGe [°C]
Meax: 37,40 Méx: 37,40 Max: 37,70 Media: 35,00 Média: 34,90
Min: 31,30 Min: 31,10 Min: 31,30
Grafico
Temperatura x Tempo
T, BUTG == IBUTG,
40
38 - —_— — =, —
> ---I.—..___-i-\..._.—t-——"" Ny e —

30
11:00:32 123032 14:00:32 15:30:32
Tempo
Relatdrio Prolemp 4 @ PHOIEEP 4 SN: 5‘\‘90.:1_00—"'3
Empresa avaliada: Indistia Embalagens Empresa avakadora:
Setor: Impressao Realizado por: André Sanfos
Ensaio
Data: 15/02/2024
Duragao 06:0250 Tempo em pausa: 00:00:00
Inicio: 10:31:37 Fim: 16:24:07
Resultado da avaliagdo
Indice do mstrumento Modelo do instrumento IBUTG IBUTGe
1 PROTEMP 4 30,40 30,40
Observagoes
André Santos

Registro: Day16



Relatério Prolemp 4 @ PROTEME 4 SN 013050073

64

Informag des do instrumento

PROTEMP 4(019050073)
Cert. cal: CRLO860/2023 1

6/05/2023

Resultados parciais

Bulbo seca [°C] Bulbo tamido [*C] Gilobo [*C] 1BUTG [°C] IBUTGe [*C)
Méx: 31,80 Max: 31,60 Méx: 31,90 Média: 30,40 Meédia: 30,40
Min: 29,10 Mir: 28,90 Min: 29,30

Grafico

Temperatura |

Temperatura x Tempo

- BUTG. == IBUTG.

Timise —= Tomes == Toko

28,0
10:31:37 11:59:44 13:27:52 146559 16:24:07
Tempo
Relaidria P{W{E‘J (@ PROTEMP 4 SN. 018050073
Empresa avaliada: Inditra Embalagens Empresa avaliadora:
Setor: Impressao Realizado por: André Santos
Ensaio

Data: 16/02/2024

Duragfo: 06:14:31 Tempao em pausa: 00:00:00

Inicio: 10:09:05 Fim: 16:09:04

Resultado da avaliagao
Indice do nstrumenta Modelo do instrumento IBUTG IBUTGe
1 PROTEMP 4 27,00 27,00
Observagoes
[ ]
André Santos
Registro: Day17
Relatdrio Prolemp 4 @ PﬂOTEEF‘ <4 SN: 013050073
Informagdes do instrumento
PROTEMF 4(019050073)
Cert. cal: CRLOB60/2023 16/05/2023
Resultados parciais
Bulbo seco ["C] Buibo tmide [ C] Globo [°C] IBUTGI [°C] IBUTGe [°C]
M 28,30 Méx: 31,80 Méx: 28,50 Meédia 27,00 Media: 27,00
Min: 25,40 Min: 25,30 Mirc 25,70
Grafico
Temperatura x Tempo
T Tomn = T = IBUTG = IBUTG,
30,0
—i

:

P

T

24,0
10:09:05

e l\;{_,_}’g..g‘:;-,q‘—__-__

11:39:04

s

143904 16:09:04




Emprasa avaliada: Indistria de Embalagens
Setor: Impressao

Ralatdrio P{W.’f" @& PROTEMP 4 SN: 019050073

65

Empresa avaliadora:
Realizado por: Cassius Xavier
Ensaio
Data: 24/01/2024
Duragao: 06:44:02 Tempo em pausa: 00:00:00
Inicia: 08:30:04

Fim: 16:09:04

Resultado da avaliagao
‘lndica do nstrumento Modelo do instrumento IBUTGI IBUTGe ‘
1 FPROTEMP 4 29,90 29,90
Observagoes
| Dia parciaimente rublado com pancadas de chuva no inicio da tarde. |

André Luiz dos Santos
Registro: Day 1

PROTEMP 4(019050073)
Cert. cal: CRLOB60/2023 16/05/2023

Relaltria PH)!'U(!E 4 @ PROTEMP 4 SN: (13050073

Informagoes do instrumento

e
=
——

_—_-_«-\“"."

e

Resultados parciais
Buibo seco [°C] Buibo tmido [*C] Glcba [°C] IBUTGI [°C] IBUTGe [*C]
Max: 32,30 Ménc: 32,30 Meax: 32,70 Média: 29,90 Média: 29,90
Min: 25,90 Min: 25,60 Min: 26,50
Grafico
Tempearatura x Tempo
Tt Taeeo = BUTG == [BUTG,
40
35

g —— e e Ry
g S — — e e S

e -
e

110949 12:49:34 14:29:19 16:05:04
Tempo
Balaldrio Profermp 4 @ F'.ﬁ'DTEﬁP‘f SN: G?SGSEJB
Empresa avakada: Indistria de Embatagens Empresa avaliadora:
Setor: Impressdo Realizado por: Cassius Xavier
Ensaio

Data: 25/01/2024

Duragdc: 07:00:35 Tempo em pausa: 00:00:00

Inicio: 09:50:13 Fim: 16:47:13

Resultado da avaliagiao
Indice do mstrumenta Modelo do instrumento IBUTGI IBUTGe
1 PROTEMP 4 31,10 31,10
Observagoes
| Dia ensolarado sem presenca de nuvens |
André Luz dos Santos

Registro: Day2



Bela Protemp 4 @ PROTEMP 4 SN: 019050073

66

Informagdes do instrumento

PROTEMP 4{019050073)
Cert. cal: CRLO860/2023 16/05/2023

Resultados parciais

Bulbo seco [*C) Bulbo tmido [>C) Globe [*C) 1BUTGI [°C] IBUTGe [°C]
Méx: 33,80 Méx: 33,70 Mex: 33,80 Média: 31,10 Meédia: 31,10
Min: 26,80 Mir: 26,60 Min: 27,20
Grafico
Temparatura x Tempo
o == Touw == BUTG == BUTG.
40

o
2 3
8
E
@
&
25
20
0950:13 113428 131843 150256 16:47:13
Tampo
Relatério Protemp 4 @ PROTEMP 4 SN- 019050073
Empresa avaliada: Industria de Embalgens Empresa avaladora:
Setor Impressan Realizado por: André Santos
Ensaio
Data: 26/01/2024
Duragio: 06:56:08 Tempo em pausa: 00:00:00
Inicioc 10:00:07 Fim: 16:51:07
Resultado da avaliagao
Indice do instrumenta Modelo do instrumento IBUTGI IBUTGe
1 PROTEMP 4 30,80 30,80
Observagdes
[ ]
André Santos
Registro: Day3
Relatdrio Protemp 4 & PROTEMP 4 SN: 019050073
Informagoes do instrumento
PROTEMP 4(019050073)
Cert. cal: CRLOB60/2023 16/05/2023
Resultados parciais
Bulbo seco [°C] Bulbo imido [*C Giobo [°C] IBUTGI [°C) IBUTGe [°C]
Méx: 32,80 Méx: 32,60 Max: 33,10 Média: 30,80 Meédia: 30 80
Min: 27,30 Min: 26,90 Min; 27,60
Grafico
Temparatura x Tempo
= T Teae == Toti BUTG == IBUTG,
40
35
= . e e e
g o~ o - DN P R——
2 g —— o
B ——
g —
E -
o
s
25
20
10:00:07 114252 132537 15:08:22 16:51.07
Tempo




67

Relidria P.'u!ev&r 4 @ PROTEMP 4 SN: 018050073

Empresa avalada: Industia de Embalagens Empresa avaliadora:

Setor: Impressao Realizado por: André Santos
Ensaio

Data: 29/01/2024

Duragdo: 06:2343 Tempo em pausa: 00:00:00

Inicio: 10:02:15 Fim: 16:20:15

Resultado da avaliagao

indice do nstrumento Modelo do instrumento IBUTGI IBUTGe
1 PROTEMP 4 33,30 33,30
Observagoes
[ ]
André Santos
Registro: Day4

Relatdrio "rvlevn_n 4 @ PHO.’EF-_!F—“! SN: 01905_0013
Informagces do instrumento

PROTEMP 4(019050073)
Cert. cal: CRLOB60/2023 16/05/2023

Resultados parciais

Buibo seco [°C] Buibo amido [*C] Globe [°C] IBUTGI [*C] IBUTGe [°C]
Max: 35,80 Max: 35,70 Max: 35,80 Media: 33,30 Média: 33,30
Min: 28,90 Min: 28,90 Min: 29,00

Grafico

Temparatura x Tempe

Towss Tona == Tosus == BUTG, == BUTG,
40
a5 e e T e ———— e
—
£ P '[
™ e

30—

25

20

10:02:15 11:36:45 1311115 14:46:45 1820156

Tempo
Relatorio F’.'Qdewg 4 @ PROTEMP 4 SN: 018050073
Empresa avaliada: industria Plastica Empresa avaliadora:
Setor: Impresséo Realizado por: André Santos
Ensaio
Data: 30/01/2024
Duragao: 06:40:18 Tempo em pausa: 00:00:00
Inicior 10:06:14 Fim: 16:42:14
Resultado da avaliagao

Indice do mstrumenta Modelo do instrumento IBUTGi IBUTGe
1 PROTEMP 4 34,40 34,30

Observagdes

André Santos
Registro: Day5



Relaltio Pm‘bv)l) 4 (@ PROTEMP 4 SN: 018050073

68

Informagdes do instrumento

PROTEMP 4{013050073)
Cert. cal: CRLOBE0/2023 16/05/2023

Resultados parciais

Bulbo seco [*C] Bulbo tmido [°C] Glooo [*C] IBUTGI [*C] IBUTGe [*C]
Max: 36,90 Max: 37,00 Max: 37,00 Media: 34,40 Meédia: 34,30
Min: 29,80 Min: 29,60 IMirc 30,40
Grafico
Temparatura x Tempo
T — Tiies = Timo s LT i’ BT
40

=
&
E
@
2
26
20
100614 1145114 132414 15:03:14 164214
Tempo
Relattrio P.’omvﬁw@ PHGJE.‘-_!P 4 SN: ngﬂjﬂx’l
Empresa avaliada: Industia Embalagens Empresa avakadora:
Setor: Laminagao Realizado por: André Santos
Ensaio
Data: 01/02/2024
Duragao: 07:06:13 Tempo em pausa: 00:00:00
Inicio: 10:02:08 Fim: 17:05:08
Resultado da avaliagdo
Indice do mstrumento Modelo do instrumento IBUTGI IBUTGe
1 PROTEMF 4 34,30 34,30
Observagoes
[ ]
André Santos
Registra: Day?

Relaidrio Protemp 4 @ PROTEMP 4 SN: 019060073

Informagdes do instrumento

PROTEMP 4(018050073)
Cert. cal: CRLOBE0/2023 16/05/2023

Resultados parciais

Bulbo seco [°C)

i°Cl

Tempemtura

20
10:02:08

11:4753

13:33:38
Tampo

Bulbo Gmido [*C] Globo [°C) IBUTGI [°C] IBUTGe [°C)
Max: 36.70 Méx: 36,50 Méx: 36,80 Meédia: 34,30 Media: 34,30
Min: 28,70 Mir: 28,40 Mir: 28,60
Grafico
Temparatura x Tempo
Tiesss T = BUTG == BUTG.
40
n s e e S B e R B
e e
=

151923

17:06:08




Relattrio mewi; 4 @ PROTEMP 4 SN: 019050073
Empresa avaliada: Industria Embalagens

69

Empresa avaliadora:
Setor: Laminagio

Realizado por: André Santos
Ensaio
Data: 02/02/2024
Duragio: 06:5642 Tempo em pausa: 00:00:00
inicio: 10:07:39 Fim: 1652:38
Resultado da avaliagao
Indice do instrumento Modelo do instrumento IBUTG IBUTGe
1 PROTEMF 4 34,60 34,50
Observagoes
[ ]
André Santos
Registro; Day8
Relatério Prolemp 4 @ PROTEMP 4 SN: 018050073
Informagdes do instrumento
PROTEMF 4(019050073)
Cert. cal: CRLOB&0/2023 16/05/2023
Resultados parciais
Bulbo seca [°C) Buibo imido [*C] Globo [°C] IBUTGI [°C] IBUTGe[°C)
Max: 36,40 Méx: 36,20 Méx: 36,40 Média: 34,60 Média: 34,50
Min: 30,60 Min: 30,20 Minc 30,60
Grafico
Temperatura x Tempa
S S [ = T BUTG == [BUTG.
40
38
o
2
&
E
@
&
10:0739 11:4854 13:30:08 15:11:24 16:52:38
Tampo
Relaidrio Prolemp 4 @ PﬁOrL'ﬂF—' 4 SN: 019050073
Empresa avakada: Indristria Embalagens Empresa avakadora:
Setor: Laminagio Realizado por: André Santos
Ensaio
Data: 05/02/2024
Duragio: 06:35:04 Tempo em pausa: 00:00:00
Inicio: 10:25:08 Fim: 16:55:08
Resultado da avaliagao
Indice do instrumento Modelo do instrumento IBUTGi IBUTGe
1 PROTEMP 4 34.20 34,20
Observagoes
André Santos

Registro: Day3



Relativia Protemp 4 @ PROTEMP 4 SN: 019050073

70

Informagdes do instrumento

PROTEMP 4{019050073)
Cert. cal: CRLOBE0/2023 16/05/2023

Resultados parciais

o

e e

e
#
-

-

Bulba seco [°C) Butbo imido [°C) Globa [°C) IBUTGI [*C] 1BUTGe [°C)
Méx: 36,50 Max: 36,30 Méx: 36,50 Meédia: 34,20 Média: 34.20
Min: 30,80 Min: 30 50 Mir: 30,80
Grafico
Temperatura x Tempo
L T == Topm == BUTG = IBUTG,
40
38

S

30
10:25:08 120238 13:40:08 15:17:38 16:55:08
Tempo
Relaidrio .F’.’l:#ewy 4 @ F-'.H‘Q?E_MP 4 SN: GTSDﬂ(’B
Empresa avaliada: Indistia Embalagens Empresa avaliadora:
Setor: Laminagio Realizado por: André Santos
Ensaio
Data: 06/02/2024
Duragio: 064118 Tempo em pausa: 00:00:00
Inicio: 10:34:12 Fim: 17:04:12
Resultado da avaliagao
Indice do mstrumenta Modelo do instrumento IBUTGI IBUTGe
1 PROTEMP 4 34,20 34,20
Observagoes
[ ]
André Santos

Relaldrio Protemp 4 @ PROTEMP 4 SN. 018050073

Registro: Day3

Informagoes do instrumento

PROTEMP 4(019050073)
Cert. cal: CRLOBE0/2023 16/05/2023

Resultados parciais

Temperatura [

30,0
10:34:12

121142

e e

==

S

13:48:12
Tempo

Bulbo seco [*C] Bulbo tmido [*C] Glcbo [°C) IBUTG ["C] IBUTGe [*C]
Méx: 35,40 Max: 35,20 Méx: 35,60 Média: 34,20 Meédia 34,20
Min: 31,60 Min: 31,30 Mirn: 31,50
Grafico
Temperatura x Tempo
T - Toucn == Taum BUTG == IBUTG,
36,0

170412
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Ralatdrio Prolemp 4 @ PHOIE_MP 4 5N: 0?9%’3
Empresa avaliada Indistia Embalagens Empresa avakadora:
Setor: Laminagio Realizado por: André Santos
Ensaio
Data: 31/01/2024
Duragac: 072734 Tempo em pausa: 00:00:00
Inicio: 09:3952 Fim: 17.03:52
Resultado da avaliagao
Indice do instrumento Modelo do instrumento IBUTGI IBUTGe
1 PROTEMF 4 34,40 34,40
Observagoes
[
André Santos
Reqgistro: Day6
Relatdrio Protemp 4 @ PROTEMP 4 SN: 019050073
Informagées do instrumento
PROTEMP 4(018080073)
Cert. cal: CRLOB60/2023 16/05/2023
Resultados parciais
Bulbo seco [°C) Bubo Gmida [*C) Gicbo [°C] 1BUTGH [*C] IBUTGe [°C]
Méx: 36,00 Méc: 35,80 Méx: 36,40 Média: 34,40 Média: 34,40
Min: 31,10 Min: 30,80 Mirc 31,10
Grafico
Temparatura x Tempo
T e == T BUTG, = BUTG.
40
a8

~
—_

Ry, LY _—-.:"__’_
gy
30
09:39:52 113052 15:12:52 17:03:52
Relatdrio Protemp 4 @ PROTEMP 4 SN: 019050073
Empresa avaliada: Industria Embalagens Empresa avaliadora:
Setor: Rebobinagem Realizado por: André Sarfos
Ensaio
Data: 08/02/2024
Duragdo: 06:5647 Tempo em pausa: 00:00:00
Inicio: 10:16:08 Fimz 17:01:08
Resultado da avaliagao
Indice do instrumento Modelo do instrumento IBUTG IBUTGe
1 PROTEMP 4 36,80 36,70
Observagdes
[ ]
André Santos

Registra: Day11



Relattio Prgﬂr4 (@ PROTEMP 4 SN: 018050073

12

Informagdes do instrumento

PROTEMP 4{018050073)
Cent. cal: CRLOB60/2023 16/05/2023

Resultados parciais

Bulbo seco [°C) Butho tmido [°C] CGlobo [*C] IBUTGI [°C] IBUTGe [°C)
Méax: 40,00 Méx: 40,00 Max: 40,30 Média: 37,10 Média: 37,00
Mir: 32,70 Min: 32,50 Mir: 32,70
Grifico
Temparatura x Tempa
- Toms — T == Tow == BUTG == [BUTG,
50
45
g
g
£ 40 — e ——
£ .
g ~ ===
G
2
30
09:58:25 114132 1324:40 150747 16:50:55
Tempo
Helatério Protemp 4 @ PROTEMP 4 SN. 019050073
Empresa avaliada: Industria Embalgens Empresa avaliadora:
Setor: Rebobinagem Realizado por: André Santos
Ensaio
Data: 05/02/2024
Duragéo: 07:0200 Tempo em pausa: 00:00:00
Inicio: 09:58:25 Fim: 16:50:55
Resultado da avaliagdo
Indice do nstrumento Modelo do instrumento IBUTGI IBUTGe
1 PROTEMP 4 37,10 37,00
Observagoes
[ ]
André Santos
Registro: Day12

Relaldrio Pratemp 4 @ PROTEMP 4 SN: 019050073

Informagdes do instrumento

PROTEMP 4(019050073)
Cert. cal: CRLOBED/2023 16/05/2023

Resultados parciais

Temperatura [*C]

— S e

- g i

e ™

115723

Bulbo seco [°C] Bulbo dmido [*C} Globa [°C] IBUTGI [°C) IBUTGe [°C]
Max: 38,80 Max: 38,80 Max: 38,90 Média: 36 80 Meéd:a: 36,70
Min: 32,70 Mir: 32,40 Min: 32,60
Grifico
Tamperatura x Tempo
T T e BUTG = [BUTG,
40
B —
e e Ve
a8

133838

15:19:53
Tempo

17:01:08




Empresa avaliada: Inddstria Embalagens
Setor: Rebobinagem

Relatdrio Proten 4 @ PROTEMP 4 SN 013050073

73

Empresa avaliadora:
Realizado por: André Sartos
Ensaio
Data: 12/02/2024
Duragao: 0703112 Tempo em pausa: 00:00:00
Inicie: 10:20:41 Fim: 17:13:11
Resultado da avaliagao
indice do instrumenta Modelo do instrumento IBUTGI IBUTGe
1 PROTEMP 4 38,50 38,40
Observagoes
[ 1
André Sartos
Registro: Day13
Relaitiio Pm\"e.'.ly 4 @ PROTEMP « SN: 015050073
Informagdes do instrumento
PROTEMP 4{019050073)
Cert. cal: CRLOB60/2023 16/05/2023
Resultados parciais
Bulbo seco [°C] Butbo tmido [*C] 1BUTGI [°C) IBUTGe [°C]
Méx: 40,80 Max: 40,90 Média 38,50 Média: 38,40
Min: 33,60 Mir: 33,50
Grafico
Temperatura x Tempo
Toowts BUTG == [BUTG.
a0
45

™

e a—
T e g™

120348 13:46:56 15:30:03 171311
Tempo
Relattrio Protemp 4 @ PROTEME 4 SN: 019050073
Empresa avaliada: Indistria Embakagens Empresa avakadora:
Setor: Rebobinagem Realizado por: André Sartos
Ensaio
Data: 13/02/2024
c 064848 Tempo em pausa: 00:00:00
Inicio: 09:59:27 Fim: 16:36:57
Resultado da avaliagdo
Indice do nstrumento Modelo do instrumento IBUTG IBUTGe
1 PROTEMP 4 27,80 27,80
Observagdes
]
André Santos

Registra: Day14



Relaltrio Prn'a‘@‘f (@ I‘—‘H‘Ofﬁp 4 SN: 019050073

74

Informagées do instrumento

PROTEMP 4(019050073)

Cert. cal: CRLOB60/2023 16/05/2023

Resultados parciais

Bulbo seco[°C] Bulbo tmido [*C) Gilobo [*C) IBUTGI [*C) IBUTGe [*C]
Méx: 29,60 Max: 28 40 Méx: 29,30 Média: 27 80 Média: 27 .80
Mir: 26,40 Min: 26,10 Mir: 26,50

Grafico
Temperatura x Tampo
Ty e BUTG == [BUTG,
30,0
29,01
g
£ 28,0
&
E
@
e
27,0
26,0
09:58:27 113848 131812 145724 16:36:57
Tempo
Relatdrio Prolemp 4 @ PROTEMP 4 SN 019050073
Empresa avaliada: Indistria Embalagens Empresa avakadora:
Setor: Rebobinagem Reslizado por; André Santos
Ensaio
Data: 14/02/2024
Duragéo: 070010 Tempo em pausa: 00:00:00
Imicio: 10:11:45 Fim: 17:04:15
Resultado da avaliagao
Indice do nstrumento Modelo do instrumento IBUTG IBUTGe
1 PROTEMP 4 30,10 30,10
Observagbes
[ ]
André Santos
Registro: Day15

Belatirio Protemp 4 @ PROTEMP 4 SN: 019050073

Informagdes do instrumento

PROTEMP 4(019050073)

Cert. cal: CRLOBE0/2023 16/05/2023

Resultados parciais

2
g
e
:
f

11:54:52

13:38:00
Tempo

Bulbo seco [°C) Buibo tmido [°C) Gioba [°C] IBUTGI [°C) 1BUTGe[°C]
Max: 31,10 Max: 31,00 Max: 31,20 Meédia 30,10 Média 30,10
Mir: 28,50 Min: 28,20 M 29,10
Grafico
Temperatura x Tempo
Toaem BUTG = BUTG,
32,0

152107

17:04:15




APENDICE B - Matriz de trabalhos base para o estudale caso
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MATRIZ DE TRABALHOS BASE PARA O ESTUDO DE CASO

TEMA TITULO METODO OBJETIVO
Temperatura Ambiente | Climate change and its| Anélise de dados Determinar os efeitos d
effects on farm workers | ambientais de 215 clima na produtividade

X

Ocupacional

Seguranga

estagcdes meteoroldgicaslos recursos humanos.

sindticas coletando dadd
em trés regides climaticg

(quente, ameno e frio).

Uso de software
matematico MATLAB R
2018b com base no
valores padrég
ASHRAE/ISO7730,

projetando algung
cenarios, o indice d

(PMV) e, em seguida,
indice de produtividadé
do trabalho
estimados.

foram

D
2]
votacdo média previstp
D
>

S
S

Occupational heat| Revisdo sistematica daResumir a literatura que
stress and economiq literatura (LSR)| investiga as associacdes
burden: A review of | utilizando software entre estresse
global evidence PubMed, Embase geocupacional por calor ¢
Scopus para identificar sobrecarga econémica
artigos de
periédicos cientificog
revisados por pares
Outdoor ambient | Analise de série temporalAnalisar a relacag
temperatures and | combinados con exposicdo-resposta entfe
occupational  injuries | modelos ndo lineares detemperaturas ambientes
and illnesses: Are there| atraso distribuidg nas lesGes e doencas
risk  differences in | (DLNMSs) para projetar g ocupacionais (Ol) na

various regions within a
city?

risco de lesdes e doeng
ocupacionais em clim
semi-arido frio e clima
quente.

agscala intra-cidade.
3]
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of climate

Mapeamento sistematicoAvaliar os impactos da

Impact 5
change on occupationall (SM) realizado em sete mudangas climaticas na
health and safety: A| bases de dados cientificasaide, seguranca |e
review of | internacionais: Emerald, desempenho dops
methodological IEEE Xplore, Science trabalhadores,
approaches Direct, Scielo, Scopusg, identificando o0s riscos
SpringerLink e Web of ocupacionais e os locals
Science. Trés questdes dele trabalho afetados
pesquisa orientaram [pbuscando abordagens
processo de extraggometodologicas para tratar
resultando em 170 artiggso problema.
sobre os impactos das
mudancas climaticas na
salde e  seguranga
ocupacional.
Impact of rising | Analise de varidveis dosAnalisar a relagdo entre
temperatures on| registros de acidentesdados climaticos e dadas
occupational accidents| com as variaveis de salde e seguranga
in Brazil in the period | climaticas utilizando d ocupacional.
2006 to 2019: A| método estatisticg
multiple denominado MCA , tratar

correspondence analysis

se de uma técnic

multivariada e extensap
de

da analise
correspondéncia (CA).

D

Perceptions of
workplace heat
exposure and adaption
behaviors among
Chinese  construction
workers in the context
of climate change

Pesquisa de questionar
on-line transversal
uma abordagem d
amostragem
de bola de neve

via e
WeChat Survey Star comadaptacdo a exposicao

intencionalda construcdo civil

dnvestigar as percepc¢des
comportamentos de
:10]
ecalor nos trabalhadore
E)
fornecer evidéncias para
o desenvolvimento d
estratégias de adaptag
aos efeitos do calor.

The
stress

relations of job

dimensions tg
safety climate and
accidents  occurrence
among the workers

Aplicagéo de

guestionarios, tratamentotrabalho, stress ao clima

de dados através

andlise de

(e

modelos de regresséo |e
coeficiente alfa de
Cronbach, utilizandg

software SPSS versao 2

correlacdo,de trabalho.

Investigar as relacdes d

ade seguranga e acidente
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Climate Warming and
Occupational Heat and
Hot Environment
Standards in Thailand

Pesquisa exploratori
com trabalhadores d
construcao civil e
indUstria de fundicao
medicbes WBGT da
ambiente laboral ¢
entrevista com

trabalhadores.

aExplorar se o padrdo d
aexposicao ocupacional g
calor fornece ou na
protecdo ao trabalhador.

D

INFLUENCE OF
CLIMATE CHANGE
ON WORKING
CONDITIONS IN THE
LATE 21ST
CENTURY X1 -
INFLUENCIA DAS
MUDANCAS
CLIMATICAS SOBRE
AS CONDICOES DE
TRABALHO NO
FINAL DO SECULO
XXI

Utilizacéo de oito
modelos climaticos
CoupledModel

Intercomparison Projec
Phase 5 (CMIP5),
CSIRO-Mk3.6.0,GFDL-
ESM2G, GFDL-
ESM2M, IPSL-CM5A-
LR, IPSL-CM5A-
MR,MIROC5, MIROC-
ESM-CHEM e MRI-
CGCM3, para projetal
cenarios.

Projetar modelog
matematicos visand
avaliar as  possivei
influéncias das mudancd
climaticas sobre a
condicdes de trabalho g
ar livre para o final dg

século XXI

4

Temperatura Ambiente

X Competitividade

Lean Six
competitiveness for
micro, small and
medium enterprises
(MSME): an action
research in the Indian
context

Sigma

Pesquisa de Acédo (RA
para desenvolver un
estudo de caso usando
abordagem LSS DMAIC

)Entender as implicacée
ngerenciais ng
amplantacao dg

competitividade Lean Si
Sigma (LSS) para micrg
pequenas e  médig
empresas (MPME)

Global Inclusive and
Sustainable
Competitive
Performance (ISCIP):
An efficiency based
spatio-temporal

Industrial

Aplicacdo de um model

de Data
EnvelopmentAnalysis
(DEA) de eficiéncial

cruzada para avaliar
ISCIP por rendimento ¢

D Ampliar o escopo  dg
Indice de Desempenh
Industrial Competitivo dg

Organizacdo das Nacos
pUnidas para q
> Desenvolvimento

analysis for 139| grupos geogréaficos comlndustrial
countries uma andlise espaco-
temporal do ISCIP para
139 paises de 2010-
20109.
Impacts of climate | Revisdo do conceito deAnalisar o0 risco de

change on the livestock
food supply chain; a
review of the evidence.

risco de impactos
relacionados ao climg
do Grupo de Trabalho |
do Painel
Intergovernamental sobr
Mudancas
(IPCC).

Climéaticas

impactos relacionados 4

,clima na cadeia d¢
| suprimentos de
alimentos.

e

D

oo

\S

)

"

o

D
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Competitividade:
conceitos e medidas
uma resenha da
bibliografia recente
com énfase no cas(
brasileiro

Resenha de bibliografi
com énfase no Brasil

a Conceituar

competitividade,
desempenho,
qualidade, tecnologig
salarios, produtividade
condicdes de producd
no cenério Brasileiro.

al

Drivers for the adoption

Revisdo sistematica d

aldentificar 0s

of integrated | literatura (LSR) com Impulsionadores para
sustainable green lean abordagem qualitativa deadogéo de um sistema (
six sigma agile| andlise. manufatura agil
manufacturing system integrado,  sustentave
(ISGLSAMS) and verde enxuto seis sigm
research directions (ISGLSAMS) com base
na reviséo dg
bibliografia.
Positive impacts of lean| Revisdo sistematica daldentificar os feitos

manufacturing tools on
sustainability aspects: a
systematic review

literatura (LSR) com
etapas de planejament
conducdo e estagio d
relatorio.

positivos das ferramentg
ode manufatura enxut
e(LM) nos aspectos d
sustentabilidade

The effect of firms’
environmentally
sustainable practices on
economic performance

Pesquisa de questionar
fechado com
trabalhadores d¢
manufatura, tratament
de dados pelo softwar
SmartPLS

Explorar os efeitos da
praticas ambientalment
> sustentaveis no
pambientes de manufatur
e

eficiéncia,

o W=

le

Eco Lean Management| Analise holistica do temaEntender o nivel de
— Recent Progress] no meio académico abrangéncia €
Experiences and entendimento do conceito
Perspectives Eco-Lean no meiq
académico

A competitividade das| Estudo de caso npldentificar e  avaliar
empresas do setor de industria utilizando 0 fatores determinantes |a
embalagens para| modelo de Ecib) competitividade das
alimentos: um estudo de| avaliando os fatoresindustrias do segmento.
caso internos a  empresa,

fatores  setoriais  ou

estruturais e fatores de

natureza sistémica,

analisando variaveis

quantitativas peld

periodo de um ano.

Temperatura ambiente
X de

Embalagens

IndUstria

Waste management and
competitiveness of firms
in Europe: A stochastic
frontier approach

Modelagem estatistica
probabilistica

elnvestigar a relacdo entie

as taxas de reciclage
alcancadas e
competitividade dag

em setores da econom
circular.

empresas que trabalham

m
A
b

ia
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Assessment of the
effectiveness and
efficiency of packaging

waste EPR schemes in

Analise de regressao (¢
indicadores da
custo-beneficio
eficacia da

e d

relacdodos sistemas europeus
aresiduos de embalagen
reciclagem com foco nos esquemas

eAnalisar o desempenhp

Europe. das Organizagbes dede responsabilidade
Responsabilidade estendida do produtor |e
do Produtor (PROs)nas organizacbes de
especificas. responsabilidade do

produtor.

Packaging plastic waste| Estudo de casq, Explorar a relagdo entre

management in the| identificacdo do| as diversas variaveis

cosmetic industry problema, construcdo depresentes na embalaggm
uma estrutura modelo desistema de gerenciamento
comparacdo formulandpde residuos plasticos na
um modelo qualitativo] industria cosmética.
definindo problemas
dinamicamente

Systems-based Revisdo sistemética daRelacionar a

approach to | literatura (LSR) contendo sustentabilidade nunca ao

contemporary business| duas etapas, a primeifaestio de gestdo dp
management: An| baseada em sistemas ¢ megoécio como un
enabler of business| segunda uma andligesistema.

sustainability in  a | qualitativa dos trabalhog

context of industry 4.0, | relacionados

circular economy,

competitiveness and

diverse stakeholders

Implementation of 5S in | Abordagem 5S em umpUtilizar o método 59

a plastic bag| industria de embalagenscomo uma estratégia de

manufacturing
industry: A case study

plastica, analise do flux
de trabalho, mapeamen
dos processos e anali
de tempos e movimentos

D manufatura enxuta.
(0]
5e
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Periodico/Congressq Titulo do documento Status DOI ISSN
RETEC. REVISTA| ESTUDOS DE| Publicado 1806-0323
DE TECNOLOGIAS| CENARIOS PARA A
(OURINHOS) OTIMIZACAO DE

TRAFEGO EM

SEMAFOROS DE

TRES TEMPOS: UM

ESTUDO DE CASQO

UMA CIDADE DE

MEDIO PORTE
XXXI SIMPEP PROPOSTA DE Publicado

MOCKUP

INTELIGENTE PARA

MONITORAMENTO

DE RISCOS DO

AMBIENTE FABRIL
Computer-Aided DIGITAL IMAGE | Submetido
Design and PROCESSING IN
Applications VEHICLE AXIS

IDENTIFICATION:

CASE STUDY AT A

TOLL BOOTH
[JCIEOM 30th Submetido

WORKFLOWPARA A
VIABILIDADE DE
DESENVOLVIMENTO
DE PDI PARA
SUBMISSAO DE
PROJETOS PARA A
LEI DO BEM
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