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ABSTRACT: The objective of this study was to verify, via a linear regression model, the influence
of Petrobras investments in relation to the number of accidents with time away from work in annual
values, during the period from 2001 to 2023 according to company reports. Investments in education;
training and professional development; in occupational health and safety; in the sum of training and
professional development with worker safety and health; and in the sum of education with training
and professional development with worker safety and health were considered. The information was
obtained by searching Petrobras Sustainability Reports for indicators related to Occupational Safety
from 2001 to 2023. The analysis of the results allows us to conclude that joint investments in
education, occupational health and safety, and training and professional development, generated a
reduction in the number of accidents with time away from work. In particular, investments in
occupational health and safety generated the greatest impact on the reduction of accidents

KEYWORDS: Work safety; Occupational medicine; Occupational hygiene.

RESUMO: O objetivo desse trabalho foi verificar a influéncia, via modelo de regressao linear, dos
investimentos da Petrobras em relagcao ao numero de acidentados com afastamento do trabalho em
valores anuais, durante o periodo de 2001 a 2023 segundo relatérios da empresa. Foram
considerados os investimentos em educacao; capacitacdo e desenvolvimento profissional; em
Seguranca e saude no trabalho; na soma de capacitacdo e desenvolvimento profissional com
seguranga e saude do trabalhador; e na soma de educagdo com capacitagdo e desenvolvimento
profissional com seguranga e saude do trabalhador. As informagdes foram obtidas por meio da
realizacdo de uma busca, nos Relatérios de Sustentabilidade da Petrobras, de indicadores
referentes a Seguranga do Trabalho desde 2001 até 2023. A analise dos resultados permite concluir
que os investimentos conjuntos em educacao, seguranga e saude do trabalho, e capacitagao e
desenvolvimento profissional, geraram uma redug¢do no numero de acidentes com afastamento no

Iberoamerican Journal of Industrial Engineering, Floriandpolis, Edigao Especial, 2025
4 IJIE Universidade Federal de Santa Catarina. ISSN 2175-8018

!’“ii



trabalho. Em particular, os investimentos em seguranca e saude do trabalho geraram o maior
impacto na diminuicdo de acidentes.

PALAVRAS CHAVE: Seguranga do trabalho; Medicina do trabalho; Higiene ocupacional.

1. Introduction

In January 2023, the Ministry of Mines and Energy launched the three-year work
plan, from 2023 to 2025, for the National Hydrogen Program, aiming to lay the
foundations for the hydrogen market in Brazil. The corporate sector, particularly oil
companies, interested in hydrogen production, has been promoting offshore wind
power generation. In December 2022, 70 projects were filed for environmental
licensing with the Brazilian Institute of Environment and Renewable Natural Resources,
in Portuguese, Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais
Renovaveis - IBAMA (Furtado; Paim, 2024). This shows that even in fossil fuel-based
energy production companies there is a growing trend in investment in renewable
energy.

In 2008, Petrobras, the Brazilian Oil Company, installed a Research Center in
its Rio de Janeiro (in portuguese Centro de Pesquisas no Rio de Janeiro - CenPes), a
pilot plant to produce ethanol through the enzymatic hydrolysis process and the second
phase was implemented in 2010 at the Bioethanol Science and Technology Center, in
Campinas, Sao Paulo, also in 2010, the National Laboratory of Bioethanol Science and
Technology was created (in portuguese Laboratério Nacional de Ciéncia e Tecnologia
do Bioetanol - CTBE), linked to the Ministry of Science and Technology, with the
objective of making viable Brazil's intention to replace 10% of all gasoline consumed
in the world by 2025 (Soutinho; Rosario; Lima, 2019).

In 2019 the National Laboratory of Science and Technology of Bioethanol (in
portuguese Laboratorio Nacional de Ciéncia e Tecnologia do Bioetanol - CTBE)
becoming known as the National Biorenewables Laboratory (in Portuguese Laboratorio
Nacional de Biorrenovaveis - LNBR). The change was made to accommodate the
laboratory's expanded research and operations in biotechnology. Since then, in
addition to ethanol, the scope of research has also included biochemicals and
biomaterials.

Every industry, including the oil and gas industry, must pay the best possible
attention to industrial hygiene aspects, given the magnitude of the activity risk level for
each employee. Industrial hygiene is the study of how to anticipate, recognize, assess,
and control workplace conditions that can lead to illness or injury. Oil and gas
companies face the challenge of how to reduce the impact on occupational health
(Zahara; Mushalia; Iridiastadi, 2012).
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Considering a platform that is located in the transition zone between shallow
waters and the surf zone, due to the interaction of the waves with the ocean floor, the
significant heights will be greater, and an increase in wave height will increase the
power (80%), which makes this type of platform an attractive location for the installation
of a wave converter plant, it was found that the most energetic period for the use of
wave energy is winter, with the highest power found being 3.2 kW (Zandomenego;
Schmidt; D’Aquino, 2016).

In New York in 1913, a meeting of safety professionals, insurance experts, civil
servants, and administrative leaders was held to highlight the issue of occupational
health and safety. One outcome of the meeting was the creation of the “National Safety
Council”, and later, several organizations were introduced, including the “British Safety
Council” and the “International Labor Organization”. In 1973, in the United States of
America (USA), the “Occupational Safety and Health Act” (OSHA) was introduced and
later other countries such as Australia and the United Kingdom took similar measures.
(Ajmal et al., 2022).

According to Alimin; Syahidah; Sushandoyo (2023), Occupational Safety and
Health are prioritized in the Oil and Gas Industry. This is not only due to the high risk
nature of this sector but also plays a role in maintaining a company's reputation as it
develops its business. If a company's occupational safety and health record is poor,
investors will reconsider investing in it.

According to Moura Pereira et al. (2022), most data on Work Accidents in Brazil
refer to the last 20 years. This data is spread across several databases, such as those
of the Public Ministry of Labor (in portuguese Ministério Publico do Trabalho - MPT)
and Labor Auditors, which makes accuracy difficult, as well as the real scenario of
Occupational Health and Safety (in portuguese Saude e Seguranga do Trabalho - SST)
in Brazil.

Other reference bases are the National Institute of Social Security, in
portuguese Instituto Nacional de Seguridade Social — INSS (INSS is a social benefit in
Brazil that provides insurance for absences due to health-related accidents and, after
a specified contribution period, provides a retirement pension. The amount is
guaranteed by mandatory contributions from active formal workers, combined with
contributions from the company and the government. "Formal" work in Brazil refers to
workers under the Consolidation of Labor Laws, in portuguese Consolidagao das Leis
do Trabalho -CLT, which are the laws that guarantee minimum benefits for the worker,
such as a minimum wage or minimum remuneration for work, 30 days of paid vacation
- usually one salary plus 1/3 of salary - and working day that define the daily working
hours), and the Ministry of Labor and Employment (in portuguese Ministério do
Trabalho e Emprego - MTE) with Annual Social Information Report, in portuguese
Relatério Anual de Informagdes Sociais - RAIS (Brasil, 2022).
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According to Aguiar and Ribeiro (2018), there is an influence of investment in
health, education and safety and occupational medicine on the number of accidents,
with evidence that these variables would be important for the prevention of work
accidents.

2. Objective

The objective of this work is to verify the influence of investments in education,
training and professional development and occupational health and safety, in relation
to the number of accidents with absence from work, in annual values, during the period
from 2001 to 2023, according to Petrobras reports, and through a linear regression
model.

3. Methodological Procedures

A search was conducted in Petrobras Sustainability Reports for indicators
related to Occupational Safety from 2001 to 2002 (Petrobras, 2002), from 2003 to 2004
(Petrobras, 2004), and from 2005 to 2023 (Petrobras, 2023a). Regarding occupational
safety, the following indicators were found:

- Recordable Accident Rate per Million Man-Hours, in portuguese Taxa de
Acidentados Registraveis por milhdo de homens-hora (TAR), that is, the number of
recordable accidents per million man-hours of exposure to risk. This includes typical
cases of injuries without time off work (excluding first aid cases), injuries with time off
work, cases of occupational diseases, and fatal accidents. This indicator was obtained
from the 2015 Reports.

- Fatal Accident Rate, in portuguese Taxa de Acidentados Fatais- TFAT
(fatalities per 100 million man-hours of exposure to risk — includes employees and
outsourced workers). This indicator was found it until 2015.

- Lost Time Injury Frequency Rate or Lost Time Incident Frequency Rate —
LTIFR, in portuguese Taxa de fatalidades com afastamento -TFCA, that is the number
of incident victims with absence from work due to typical accidents, or cases of
occupational disease per million man-hours of exposure to risk. This indicator was
found in all reports from the period considered for analysis and for this reason, only
this indicator will be considered in this work.

For this same period, from 2001 to 2023, a search was made for the values of
investments related to workers, found in the tables under Internal Social Indicators in
the Sustainability Reports, in the Financial Statements Report (Petrobras, 2023b) for
the years 2006 to 2022 and for the year 2023 the Management Report (Petrobras,
2023c). Regarding internal social indicators, investments in Education, Training and
Professional Development (investments in Training in graph) and Occupational Health
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and Safety (Occupational Safety in graph) were considered.

To analyze the Internal Social Indicators in relation to the indicators related to
Occupational Health and Safety, a regression method was adopted (polynomial in
terms of investments) but linear in terms of the adjustment parameters, which allows
finding a mathematical expression for the LTIFR in relation to the investments
mentioned above.

This method consists of determining the set of parameters ® of a function Y(0©)
from the minimization of the Chi-square function (x?) in the form:

X% =S yiCa) = Yi(0,x)1?,

in which x; corresponds to the values of investments made each year according
to the company's information. For simplicity, we will assume polynomial functions to
represent the function Y(®). For minimize the function given in Equation (1) the
Program was used MINUIT (James; Roos, 1998) of the European Organization for
Nuclear Research (CERN). With this program, written in FORTRAN 77, the parameters
(with their respective errors) of the proposed models were determined. Then, 5 (five)
analyses were proposed, namely:

Type I: LTIFR in terms of Investments in Education.

- Type Il: LTIFR based on Investments in Training and Professional
Development (investments in Training in graph).

- Type lll: LTIFR due to Investments in Occupational Health and Safety
(Occupational Safety in graph).

- Type IV: LTIFR based on the sum of Type Il and Ill Investments; and

- Type V: LTIFR based on the sum of investments of types [, Il and .

4. Results and Discussions

In tables 1, 2, 3, 4, and 5, the results of the analyses were recorded, considering
polynomial functions of 3rd (third degree) or 4th (fourth degree),

LTIFR = ay + a;x + axx? + azx® + aux?, (2)

in which x corresponds to the investment. The quality of the fit was obtained
using the value of the Incomplete Gamma Function (Press, 2007).
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Figures 1, 2, 3, 4, and 5 represent the linear fit of the data presented in Tables
1, 2, 3, 4, and 5, respectively. According to the graphical result illustrated in Figure 1, it
can be observed that the increase in Education Investment has an impact on the LTIFR,
and that for investments above R$450 million, the adjustment extrapolates to a value
close to zero, considering current inflation rates. Nevertheless, from R$400 million
onwards, the LTIFR presents a value of 0.5.

Table 1: Polynomial functions for investments in education.

Parameters Type |
a ot oy 2,04 + 0,26
a1+ o, —2,00 X 1072 + 2,39 x 1073
a ,t o, 834 x 107> + 6,16 x 107°
a 3% o3 -1,10 x 1077 + 1,83 x 1078
a ,x oy ---

v x? _
xrznin , Q(E ,?) 9,32 x 107%; 1(0.99999999999992084)

Source: Prepared by the authors (2025).

Figure 1: Graph of investments in education.
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Analyzing the results of the graph illustrated in Figure 2, there was no
improvement in the rates related to the number of workplace accidents resulting in lost
time with increased investment in training and professional development. This result
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can be explained by the fact that investment was not specifically directed to the areas
of engineering and occupational safety or occupational medicine. Rather, it was
directed to any and all professional areas related to Petrobras activities

Table 2: Polynomial functions for investments in training and professional development.

Parameters Type Il
a ot o, —0,55 x 1071 + 0,95
a .+ oy 0,12 x 1071 + 0,11 x 107!
a ,* o, —0,50 x 10™* + 0,40 x 10~*
a z* oy 0,61 x 1077 + 0,41 x 1077
a % oy ---
x‘rznin'Q(% ,x?z) 9,2 x 1072; 1(0.99999999999993605)

Source: Prepared by the authors (2025).

Figure 2: Graph of investments in training and professional development.
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In relation to the graph illustrated in Figure 3, the increase in investments in
occupational health and safety generated a decrease in the number of work accidents
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with time off, which reinforces the importance of investment in this area.

Table 3: Polynomial functions for investments in occupational health and safety.

Parameters Type Il
a ok o 2,76 + 0,42
a1t o, —0,43 x 1071 4+ 0,57 x 1072
a,* o, 0,25 x 1073 + 0,45 x 107*
a 3% o3 —-0,45 x 107® £+ 0,17 x 107°
a . o4
Xiin» QG ,"72) 3,94 x 1072; 1

Source: Prepared by the authors (2025).

Figure 3: Graph of investments in occupational health and safety.
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According to the graph illustrated in Figure 4, investments in training and
professional development combined with investments in education also led to a drop in
the number of work accidents with time off. However, as it was not a targeted
investment, it did not have as much impact as that shown in Figure 5, which represents
the graph of investments in occupational health and safety combined with investments
in training and professional development and education, which portray both investments
in general knowledge of the profession and those specific to the area of occupational
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safety.

Table 4: Polynomial functions for investments in training and professional development
and in worker health and safety.

Parameters Type IV
a o o, 1,68 + 0,43
a1t o, -0,72 x 1072 + 0,14 x 1072
a,* o, 0,16 x 10™* + 0,18 x 107°
a ;* o3 -0,94 x 107® + 0,24 x 1078
a .t o4 -

v x2 _
XSu‘n , Q(E ,?) 31,07 x 107%; 1(0.99998585165465215)

Source: Prepared by the authors (2025).

Figure 4: Graph of investments in training and professional development and in worker health
and safety.
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Table 5: Polynomial Functions for Total Investment (Type |, Il and Ill).

Parameters Type V
a ot o 2,77 £+ 2,27
aqt o, —9,20 x 1073 £+ 1,19 x 1072
a,* o, 1,38 x 1075 + 2,02 x 1075
a ;* o3 —6,71 x 1079 £+ 1,08 x 1078
a 4t o,

v x? _
xrznin , Q(E ,?) 29,24 x 1072; 1(0.99999379768475116)

Source: Prepared by the authors (2025).

Figure 5: Total Investment Graph (Type |, Il and IlI).
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The values represented in the graphs are not in chronological order but rather
based on the investments analyzed. It can be seen that at a certain point, represented
in the graphs illustrated in Figure 1, Figure 2, and Figure 3, the number of workplace
accidents with lost time tends to decrease sharply, and then increases again, even with
increasing investments.
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This small decrease in the number of workplace accidents resulting in lost time
coincides with the coronavirus (COVID-19) pandemic, a period that resulted in fewer
people working in person, an increase in remote work, and social isolation. This
distancing of people due to the pandemic may have led to a decrease in the number of
workplace accidents resulting in lost time, which was not due to the company's
investments. As soon as the pandemic ended, the number of workplace accidents
resulting in lost time returned to previous levels, even though the investments shown in
each graph increased.

5. Final considerations

It can be concluded that joint investments in education, occupational health and
safety, and professional training and development led to a reduction in the frequency of
lost-time accidents. In particular, investments in occupational health and safety had the
greatest impact on reducing the number of lost-time accidents.

Through a probabilistic forecast, and considering current inflation rates,
investments in education would reach an optimal level in reducing the number of
workplace accidents with time off work by 450 million reais, while investments in
occupational health and safety would reach the same level at 350 million reais.

Analyzing, in isolation, investments in training and professional development, this
parameter generated little impact on the reduction of workplace accidents with time off
work. This can be explained by the fact that investment was not directed towards
accident prevention and occupational medicine.

During the coronavirus (COVID-19) pandemic, there was a decrease in
workplace accidents with time off, and with the return of activities, the accident rate
rose, even with increased investments, in all graphs analyzed.

It is also possible to conclude that the investments used in this study by Petrobras
make its activiies more sustainable, as they are aligned with the Sustainable
Development Goals (SDGs), reinforced in the company's sustainability reports
(Petrobras, 2023a). Some of these goals are cited in the sustainability reports, for
example, on page 15 (fifteen) of the 2019 sustainability report, the base investments for
this study seek to meet goal 8 (eight), "Decent work and economic growth"; goal 3
(three), "good health and well-being"; and goal 4 (four), "quality education," among
others, part of the SDGs.
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Table 6: Locations researched in Petrobras annual sustainability reports.

ANNEX||

Investments (in millions of R$)

Occupational Training and Reporting
P Education| Professional Investment References Year
Year Health and Pages
Development (Investments)
Safety
Administration Report (in portuguese
2023 192,00 410,00 468,00 | Relatério de Administragédo) 2023 57
Financial Statements Report [in
portuguese Relatorio de
2022 146,00 341,00 217,00 | Demonstragdes Financeiras (4T)] 2022 139
2021 163,00 271,00 44,00 | Financial Statements Report 2022 139
2020 139,00 315,00 31,00 | Financial Statements Report 2020 132
2019 192,00 316,00 193,00 | Financial Statements Report 2019 136
2018 211,00 298,00 203,00 | Financial Statements Report 2018 134
2017 183,00 283,00 141,00 | Financial Statements Report 2018 134
2016 177,00 271,00 146,00 | Financial Statements Report 2016 106
2015 233,00 263,00 309,00 | Financial Statements Report 2016 106
Sustainability Report (in portuguese
2014 225,00 242,00 365,00 | Relatdrio de Sustentabilidade) 2015 70
2013 221,00 215,00 423,00 | Sustainability Report 2013 62
2012 201,00 175,00 501,00 | Sustainability Report 2013 62
2011 180,00 133,00 418,00 | Sustainability Report 2011 94
2010 114,00 118,00 366,00 | Sustainability Report 2010 170
2009 113,84 107,07 264,08 | Sustainability Report 2010 170
2008 110,74 106,44 426,83 | Sustainability Report 2008 128
2007 95,03 95,28 386,45 | Sustainability Report 2008 128
2006 76,86 87,19 328,70 | Sustainability Report 2006 132
2005 40,75 82,10 311,97 | Sustainability Report 2005 124
2004 43,55 84,08 274,66 | Sustainability Report 2005 124
2003 76,99 18,53 275,11 | Sustainability Report 2004 92
2002 35,67 3,31 130,07 | Sustainability Report 2002 63
Source: Prepared by the authors (2025).
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Table 7: Values of the rates used in the research and their respective nomenclatures by year.

Rate References
Lost Time
Recordable Injury
Accident Frequency A Fa!tal
. . ccident
Rate (in Rate (in g
Rate (in . -
portuguese | portuguese ortuguese Sustainability Rate
Year Taxa de Taxa de P Taxg de Report of the Page
Acidentados | Acidentados - year
Reaistravei Acidentes
egistraveis com Fatais -
- TAR) Afastamento TAF)
-TFCA)
2023 0,8 0,46 2023 209
2022 0,68 0,46 2023 209
2021 0,54 0,34 2023 209
2020 0,56 0,35 2023 209
2019 0,76 0,48 2019 209
2018 1,01 0,57 2019 21
2017 1,08 0,58 2019 21
2016 1,63 0,59 2019 21
2015 2,15 0,76 2,27 2015 48
2014 0,72 1,1 2015 48
2013 0,75 0,4 2015 48
2012 0,83 1,31 2015 48
2011 0,68 1,66 2015 48
2010 0,52 1,08 2010 134
2009 0,48 0,81 2010 134
2008 0,59 24 2010 134
2007 0,76 2,42 2010 134
2006 0,77 1,6 2010 134
2005 0,97 2,81 2005 57
2004 1,04 3,3 2005 57
2003 1,23 4,57 2005 57
2002 1,53 6,29 2005 57
2001 2,89 15,7 2005 57

Source: Prepared by the authors (2025).
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