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Resistance to PPE Using by Gas Station Attendants

Ananda Vieira de Lima Almeida'*, Vitor Erick Cardoso Freitas'
ISenai Cimatec University Center; Salvador,Bahia, Brazil

The discussion about the use, or not, of Personal Protective Equipment (PPE) by gas station attendants has been
growing, in the contemporary context, due to the expansive increase in the consequences generated by the absence
of this essential equipment at gas stations. The present study highlighted the importance of raising awareness
among the attendants regarding their working conditions, mainly due to the high exposure to toxic compounds.
At this core, resistance to use PPE by these workers comesfrom sociocultural issues that notoriously influence the
conditionsimposed by this service. In this logic, the case study, determined by the book of Research Methodology
by Marconi and Lakatos (2003), thistheme is based on data collection at gasstationsin the city of Salvador- BA, in
2021, to highlight the situations faced by these professionals and, consequently, the impacts on their quality of life
and health. The resistance to the use of this equipment harms the present and future well-being of the attendants.

Keywords: Gas Station Attendants. PPEs. Risks.

Introduction

The growing demand for fuel in Brazil boosted
the discussions about the attendants. The exposure
suffered by these workers when performing their
function leads the present study to highlight
the resistance of using PPE by the attendants.
In this context, it is worth noting that gasoline
contamination - the principal fuel at stations -
emphasizes an unhealthy work environment,
according to article 189 of the Consolidation of
Labor Laws (CLT), which drives serious problems
related to worker health and, consequently, the
maximization of questions about the role of PPE
as a prophylactic measure [1].

Therefore, the resistance of gas station
attendants regarding PPE comes from the lack of
knowledge about the consequences of exposure
to gasoline since toxicity is the main factor to be
considered [2].

In this scenario, the Ministry of Labor, through
Regulatory Standard 9 and 12 (NR-9 and NR-12)
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and Ordinance No. 25/1994, classifies occupational
risks into five types: physical, chemical, biological,
ergonomic, and accidental, which are essential to
assimilate the unfavorable situation found in the
work environment of gas station attendants.

The issue of the need to use PPEs to guarantee
the physical integrity of these professionals is
under discussion due to the obstacles related to
the effects of not using essential equipment, which
demonstrated that fuel inhalations (toxic to human
beings) and fuel explosions in establishments
(flammable) have gradually become more common
in the daily lives of gas station attendants [2].

From this perspective, it is essential to
evaluate the social, economic, technological, and
organizational factors interconnected by the work
environment of the gas station attendants [3]. So,
this study plans to present the obstacles observed
by the attendants and to amplify the discussions
about the nature of the chemical composition of
gasoline.

This work highlights, exemplifies, and solidifies
the resistance to the PPE by gas station attendants.
Therefore, evidencing the consequences of not using
such equipment. In this scenario, the choice of theme
assumes that we can mitigate the risks faced by
gasstation attendants with PPE. However, the lack of
information regarding the need for such equipment
has an impact on their well-being. We justify,
therefore, this study by the use, or not, of PPE by gas
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station attendants in Salvador-BA, Brazil, based on
descriptive statistics in the year 2021.

Therefore, aiming to mitigate the long-term
effects of not using PPE on the health of these
workers, this research proposes to express that the
resistance to the PPE by gas station attendants is
harmful to the physical and psychosocial variables.

Theoretical Referential

In this section, we divided into three parts, the
chemistry present at gas stations, such as gasoline
and itsmain characteristics, wasinitially studied.In
addition, the relationship of gas station attendants
with PPE and the main consequences of inhaling
toxic compounds inherent in gasoline. Because of
this study, to certify and support this research, we
used the followed references:

a) Neto (2012) [4] exemplifies the need to use
PPE due to the risks of gasstations combined
with Regulatory Standard 20 that explains
the management of health and safety in
environments with flammable materials.

b) Moraes (2003) [5], Machado (2015) [6],
Moreira and Gomes (2011) [7], Costa
and Goldbaum (2016) [8] discuss the
physicalchemical characteristics of gasoline
together with the MSDS study provided by
BR Distributing Company.

¢) Marinho (2011) [9] brings in his book about
the process of Atmospheric Distillation in
the Oil Industry.

d) Rocha, Cezar-Vaz, Almeida and colleagues
(2014) [1] addresses the risks that gas
station attendants are exposed to chemical
components.

e) Soares (2019) [2] highlights the negligence
in PPE's use by these workers, addressing
the factors that influence this issue.

f) Regulatory Norm Brazil (NR) 6 lists the
application of PPE in places that present
risks to their workers [10].

g) Regulatory Norm Brazil (NR) 15 applies to
the issue of unhealthy conditions, a feature
present at gas stations [11].

h) Campos (2017) [12] discusses the essentiality
of gas station attendants knowing the
consequences of exposure to gasoline.

i) D'alascio, Menegali, Bornelli, and
Magajewki (2013) [13] explain the effects
of benzene in the human body.

Chemistry at Gas Stations

Fuels, in general, are used by society as a means
of obtaining energy for transportation. In this
sphere, NR 20 [10] classifies gas stations as class
I, so that they are classified as a service that has
flammable materials. Thus, it is first necessary to
understand how gasoline, of fossil origin, present
in gas stations, is obtained through atmospheric
distillation in the Petroleum Industry.

In a simplified way, the work “New Chain of
Oil and Natural Gas” conceptualizes atmospheric
distillation as the “fractionation of crude oil to
be processed in all “refineries” and, therefore,
the gasoline goes through this process, to be sent
to the fuel distribution networks and, finally, to
the final consumer, through the handling of gas
station attendants [9].

Figure 1 shows the oil refining process, in which
crude oil undergoes a heating process to raise the
temperature of this oil and, subsequently, goes to
the atmospheric distillation tower, which obtains
the fractions of petroleum, such as gasoline, the
main chemical component to be studied in this
article.

So, exposure to the chemical components of
gasoline generates the need for PPE use due to the
risks presented [4].

Gasoline

Gasoline is the principal fuel used to fuel
vehicles. Similarly, it isthe product that gasstation
attendants are exposed to in their workplace.

In Brazil, there are several types of gasoline.
However, our analysis used the general chemical
nature of this substance, which is used for internal
combustion engines with ignition [9].

www.jbth.com.br
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Figure 1. Oil refining.
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In this context, it is crucial to evaluate the
gasoline physical-chemical characteristics to
understand why it is necessary to use such
equipment.

The principal characteristic is the organic
composition. It is a naphtha complex, substances
with hydrocarbons, carbon chains from C5 to
C12, including paraffinic, olefinic, and aromatic
hydrocarbons, and boiling range from -20 to
230°C [15].

Therefore, the volatility of this chemical
component is a crucial characteristic. It poses
high risks for gas station attendants when they
fill the vehicles' tank because of the inhalation
— evaporation facilitates — of the chemical
compounds present in gasoline.

Within the analysis aspects of gasoline, the
octane of this compound is an indicator of the
performance of this chemical under varying
engine operating conditions [5].

The conditions are high pressure and high
temperature, thus creating a spontaneous detonation

resistance inside the combustion chamber, in which
the mixture between fuel vapor and the air is
pushed to the maximum limit. The octane follows
the chemical composition of gasoline, called the
octane number or octane number.

Thus, gasoline is a component with several
mixtures of multicomponent. We use two references
to delimit the octane number, the regular- heptane
defined as ZERO, as it has low compressive
strength and iso-octane (2,2,4 Trimethylpentane)
as a parameter for presenting high compressive
strength [6].

After evaluating the volatility and octane of
gasoline, it is essential to understand hydrocarbons,
which can be paranific, olefinic, and aromatic, the
latter being the most aggressive to the human body.

Benzene
Benzene (C6H6) — aromatic compound — has

exposed the employees to toxicity in medical
literature since the 19th century [7]. In this
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analysis, this toxicity is related to the worsening
of hematotoxicity, problems related to blood
circulation, and genotoxicity, related to the
mutagenic and carcinogenic capacity, resulting
from its metabolism [8].

Figure 2 shows the risks generated by the
inhalation of gasoline, arising from the completion
of refueling. So, the PPE use could avoid nervous
system disease, genetic changes in human cells, and
other systematic disorders due to gas inhalation.

According to the Chemical Product Safety
Data Sheet (MSDS) for gasoline, the toxicological
characteristics to which gas station attendants are
exposed are: acute toxicity - orally -, which can
generate nausea and vomiting, corrosion and skin
irritation, eye damage, respiratory sensitization,
germ cell mutagenicity, carcinogenicity, and
reproductive toxicity.

Thus, the exposure of attendants must be
minimized to ensure their health.

Relationship Between Gas Station Attendants x
PPEs

Gas stations present risks related to workers,
who need to carry out their activities, namely:
contact with chemical products, noise, heat,
and inhalation of chemical compounds such as
aromatics, which are offensive to the attendants'
health and life-quality at their workday [1].

The NR-20, a classification established in the
SIT (Labour Inspection Secretariat) Ordinance No.
787, informs the minimum requirements for the
management of safety and health at work against
risk factors for accidents in extraction, production,
storage activities, transfer, and handling of
flammable products and combustible liquids [10].

Hence, the commercialization of fuels and
flammables requires inspection and monitoring.
It is of great importance for gas station workers
who are exposed to these chemical products'
commercialization activities.

In addition, Regulatory Norm Brazil (NR) 15,
which was originated by SIT Ordinance No. 787,
in which it is related to activities that must be

classified as unhealthy, thus generating unhealthy
bonusesfor workers who deal with noise exposure,
ambient heat, ionizing radiation, and chemical
agents containing benzene, in which the attendants
are subject to these situations [11].

Thus, as a solution or improvement in the quality
of life and health for this category of employees,
Regulatory Standard 6, which is in STI Ordinance
No. 787, which regulates the execution of work
with the Personal Protective Equipment (PPE),
regardless of sector or economic or commercial
activity. Furthermore, the obligation to provide
the supply and PPE for employees and workers,
including gas station attendants, who have specific
protective equipment to combat the risks present
in the workplace [6].

Therefore, the realities present in these places
are inconsistent with the regulatory standards,
which aim to ensure individuals who work with
flammable products, in which the attendants
refuse to apply these NR, taking high risks to their
well-being and health.

Resistance to the PPEs

The reason that causes resistance in the
application of PPE by gas station attendants
is that they "claim" discomfort when using it,
forgetfulness, non-supply equipment, and, finally,
underestimating the risks present at gas stations. In
addition, inadequate physical structures conditions
at the workplace contribute to low adherence to
PPE use. For example, exposure to heat is a risk
for workers [2].

So, the resistance to using protective equipment
makes the work environment highly dangerous
and unhealthy for all employees. Furthermore, the
non-performance of inspection by public bodies
related to Work Safety (ST) facilitates workers not
complying with the obligations established by the
Regulatory Norms (NRs) [10,11].

In addition, the non-provision of PPE by
companies and station owners, who should
distribute according to NR-6 to gas station
attendants, to make a safer work environment

www.jbth.com.br
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Figure 2. Gasoline as the main villain for the health of gas station attendants.
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and thus prevent occupational diseases, such as
the inhalation of chemical products, specifically
benzene, which is present in the composition of
gasoline [18].

Lack of PPE by Gas Station Attendants

The effects caused by the absence of Personal
Protective Equipment are, mostly, harmful to the
health of attendants.

When evaluating the effects generated by the
absence of PPE, first, occupational diseases that
may eventually affect gas station attendants are
highlighted. In this context, exposure to benzene,
an aromatic compound present in gasoline, is
the main precursor of the adversities found in
the human body. Thus, it is up to the National
Occupational Health Policy in Brazil to establish
means to expose a situational and preventive
diagnosis for these workers [12].

First, it is necessary to understand the
concept of 'Benzenism': “Benzenism is a set of
signs, symptoms, and complications resulting
from acute or chronic exposure to benzene.
Complications can be acute, when there is
exposure to high concentrations with the presence
of neurological signs and symptoms, or chronic,
with different clinical signs and symptoms, and
complications may occur in the medium or long
term, located mainly in the hematopoietic system
(bloodforming). [14]” In this analysis, it is known
that benzene can enter the human body, mainly
through the airways, but the skin and ingestion
may also be considered modes of absorption.
Similarly, immediate contact with benzene
irritates the mucous membranes which, over time,
can cause pulmonary edema and hemorrhage in
contact areas, causing death [17].

Thus, the intense contact with this compound
may, initially, characterize mild symptoms that,
later, with advancing exposure, may result in
a slow but aggressive degeneration for human
health.

So, Figure 3 showsthe form of contamination
due to the chemical compound benzene, such

as, through inhalation, contact with the skin, and
ingestion, leading to problems in the systems of
the human body.

Analyzing the effects of benzene on the
human body, the nervous alterations are
drowsiness, headache, vertigo, and tremors, and
the hematological alterations, due to damage to
the bone marrow, the blood-forming tissue, are
given by anemia, leukopenia, lymphocytopenia,
thrombocytopenia, coagulation disorders, and
recurrent infections [13].

In short, this study highlights the consequences
generated by the lack of PPE by gas station
attendants,thusthe great possibilityof occupational
diseases with exposure and inhalation of chemical
components, specifically benzene, causing disease
in the blood and respiratory streams, in which to
solve or minimize the diseases and the supply of
PPE by companies responsible for gas stations and
the application of PPE by gas station attendants.

Materials and Methods

This research, based on a case study, used
articles with several theorists, present in several
scientific websites, such as Academic Google,
Scielo, "Research Gate", UFERSA Library, and
UFRJ Library, to use bibliographic research so that
they can legitimize the issues highlighted in the
objectives of this research. In addition, descriptive
statistics were used, through a questionnaire, at
gas stations in Salvador-BA, to prove that the
situations portrayed in this article are part of the
daily lives of gas station attendants. Finally, after
analyzing the responses collected, which were 10
gas station attendants, the relevance of the present
study was evidenced through the results.

Results and Discussion

According to Marconi and Lakatos (2003) [16],
the results of a case study are the most important
part of the research. Because of this, this topic will
evidence the data we collected at the Salvador-BA
gas stations between April and May 2021.
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Figure 3. Benzene intoxicating pathways.
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Source: BT CDC (2011) [21].

We divided the questionnaire into foursections:
general information, consciousness about PPE,
knowledge about the risks involved, and receiving
PPE.

The first analysis was carried out in a general
way regarding age, length of service, and level
of education, which are crucial categories for
assessing socioeconomic factors. In this analysis,
more than half of the gas station attendants fall
into the category between 40 and 60 years old.
Then, 30% were between 25 and 40 years and,
finally, only 1 of the interviewees was between 18
and 25 years.

In addition, it appears that the length of service
varied among most of the gas station attendants
interviewed. In this sense, 40% have been working
for 10 to 15 years. This information matches our
interviews: 0 to 5 years, 5 to 10 years, and 15 to
20 years, each presenting a percentage of 20%.
Finally, the level of education shows that 9 out of
10 respondents have High School. After analyzing
these three socioeconomic variables, the second
session of the questionnaire: factors related to PPE
at gas stations (Graph 1).

Initially, given the importance of using PPE,
90% of the attendants answered that they know the
concept of this equipment, which characterizes a
positive characteristic for this project, as it proves
that the references used showed that the attendants

knew about the PPE, but, later, we showed that
they, despite knowing, do not use properly. Then,
the gas stations provide PPE to their workers,
complying with NR 6. On the other hand, although
70% of the attendants are aware that the stations
have to provide such equipment, 30% are still
not aware of this information, which hinders the
dissemination of protected information to the
attendant. In the background, the charts below
present essential safety factors for these workers
(Graph 2).

From these graphs, it is worth emphasizing,
at first, that training on how PPE should be done
is essential to ensure the consistent use of this
equipment since misuse can cause damage in
the same way as non-use. In this aspect, 70% of
the attendants stated that they received training,
ensuring that they use it correctly. However,
inspection to guarantee the use of PPE does not
occur at most gas stations, which, notoriously, is
at odds with the study proposed by Soares (2019)
[2]. In this bias, safety management (NR-20)
should enhance to guarantee the use of PPE by gas
station attendants [10]. Therefore, the variables
questioned by the attendant were analyzed.

Although the attendants — in their entirety —
consider the use of PPE important in their services,
it was evident that 50% of the interviewees did
not use this equipment for their safety. The lack
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Graph 1. About PPEs' knowledge.
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Graph 2. Trainning and supervision to PPE.

Do posts carry out training?

Do you have supervision to
ensure the use of PPE?

® Sim
® Nao

of inspection at gas stations, which would explain
such resistance from these professionals, can
explain this percentage (Graph 3). Such questions
are necessary: Would inspection guarantee the
use of PPE by gas station attendants? Do gas
station attendants need to be scrutinized for their
safety? If attendants used PPE, would inspection
be essential to ensure safety or just by protocol?
About the benzene, 70% of the gas station
attendants said they had prior knowledge about
gasoline and 30% said they did not. However,
this is not justified since the training carried out
by gas stations should include using PPE: avoid
contacting the compounds present in gasoline.
About benzene, 90% claimed to know about this
aromatic compound. Nevertheless, the workers
were not aware of the consequences that the
possible contact could cause on their health.

The third session of this study deals with the

risks involved in this type of work. The question
asked was: What risks do you believe you are
being exposed to? (Graph 4).

According to Graph 4, exposure to benzene by
handling fuels can lead to eye contact, inhalation
of vapors, repeatability, fire and explosion, skin
contact, intense activity, and contamination fuels
themselves are the main complaints of gas station
attendants, which proves the main objective of
this study.

The data on risks of rupture and leakage,
physical and muscular effort, fuel storage,
equipment breakdown, repetitiveness, and intense
activity were other complaints portrayed, but not
in their entirety.

The last session of the questionnaire developed
by the authors is about the receipt of PPE, which,
as shown above, is the obligation of gas stations
to provide gas station attendants. But, it is not
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Graph 3. Dealing of PPEs.

Do you use PPE? Do you consider the
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Graph 4. Involved risks without PPEs.
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always carried out, thus causing safety problems
for attendants (Graph 5).

According to Graph 5, the boot is the PPE
most provided by the posts since all respondents
claimed to receive it. From a health perspective,
the majority supply of the boot is at odds with
the explanations of the International Agency for
Research on Cancer (2012) [17], as it states that the
main route of exposure to benzene is respiratory.
Agreeing with the Agency, the provision of a
mask should be the principal equipment available.
Nevertheless, less than half of the respondents
receive this equipment. Furthermore, 60% of the
attendants said they received gloves to use in
their respective work environments, minimizing
the contact with products with toxic chemical
compounds, thus exemplifying the need for such
equipment to prevent contact with human skin.
Therefore, the PPE is necessary to mitigate all
factors collected at gas stations in Salvador-BA.

Conclusion

The PPE is necessary to avoid future
consequences for gas station attendants. From the
data collection, we observed attendants are being
exposed to daily risks without any inspection to
prevent them. We also noted the lack of information
between them and the resistance to PPE use since
there is no inspection at gas stations. Therefore,
by entering the discussion of a very relevant but
little-discussed topic, the doors for future research
are opened, as by looking at safety and health, it
is possible to understand the many facets of these
workers.
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Essential Oil Extraction: Being Green and Emerging Technologies
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The essential oil extraction industry responds for a significant role as a raw material supplier to the cosmetics,
pharmaceutical, and cleaning product segments. These oils are produced mainly via steam distillation in small
businesses, applying systems with broad opportunities when technology is concerned. This paper aims to present
the technological features to optimize extraction effectiveness (yield) and energy consumption. The answer to the
question in the title involves improvement proposals to green extraction and the impact on business. This study
is the continuation of the one previously published in the number 3/2021 of this Journal, entitled “Essential Qil

Steam Distillation: Manufacturing 4.0”.

Keywords: Essential Oil. Yield. Technology. Green Extraction.

Introduction

The essential oils (EO) extraction industry is,
in general terms, supported by production systems
with significant potential for technological
upgrades [1]. These processes are characterized
by yield uncertainties: the variability coming from
the raw materials (herbs), in addition to undetected
and uncorrected operational occurrences, due
to the lack of basic instrumentation and control.
In general, the essential oil extraction process
operates in multipurpose plants, in batches, with
a broad range of feedstock (leaves, branches,
roots, flowers, and bark). In addition, they present
variation in process cycles [2], energy, and time
waste, thus with direct effects on productivity
and quality, compromising the expected results.
The steam distillation method is, unquestionably,
the most frequently used within extraction
industries [3,4].

This work presents a comparative frame
between the current situation and a scenario of
technologically improved processes. It is based
on emerging technologies that may achieve a
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direct positive impact on sustainability indicators.
As far as technology is concerned, the proper use
of sensors and controllers [5,6], data acquisition,
data treatment, followed by intelligent modeling
[7] (for instance, with digital twins [8]), have the
purpose of improving the steam distillation process.
The detection of undesired occurrences and their
correction, in the steam flow through the vegetable
bed, is brought with promising proposals to optimize
the extraction process toward green extraction.

Yield and extraction duration are indicators
of the process performance. When optimized,
these factors deliver both energy and water
minimum consumption for effective production.
Besides, digging down into the production chain,
maximum Yyield requires a reduced planted area
for the same produced quantity of essential oil.
Therefore, it reduces all the agricultural needs and
environmental impacts.

Essential Oils

Essential oils are a complex chemical mixture.
Produced by secondary plant metabolic systems,
they are responsible for communication with other
plants, animals, attracting or repelling them, as
they can be beneficial or malefic for the organism,
respectively, and protection against fungi and
other microorganisms. With broad use in several
industries, their importance is highlighted by their
customer industries: cosmetics, pharmaceutical,
home care, and food preservatives [9-11].
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The Technological Scenario of the EO Industry

The vast majority of the worldwide EO volume
is produced via steam distillation. Many other
methods such as organic solvents, cold pressing,
micro-wave assisted, ultrasound-assisted, carbon
dioxide in a critical state, and others, with small-
expression, are also found in industry, academic
research, and product development areas.
Nevertheless, when steam distillation is
concerned, the lack of technology leads to high
energy consumption, risk of poor quality, and yield
loss, all due to process control and monitoring
weaknesses.

According to Chemat [12], process
intensification is a clear path toward green
extraction with direct benefits on other business’
areas as customer service, product quality, and
operational costs.

Figure 1 presents the process that applies
the conventional concept. Hydrosol is the
odorized water obtained from the separation after
condensation.

Simply explaining the process, steam is
generated and flows through the plant material

carrying the essential oil. Afterward, it is
condensed and separated from the hydrosol. The
sketch shown in Figure 1 shows the cases when the
EO is lighter than the hydrosol. Just for context,
some few EQ’s are heavier than the hydrosol.

Materials and Methods

The path to reach the purpose of the present
work consists of an ordered comparison between
the current state, the basic process shown in Figure
1, and the proposed concept, with technological
upgrades, as the spinal column of this paper.
Among the countless possibilities, we considered a
few in this comparison due to their overall process
effectiveness.

The sensors, controllers, data acquisition
and analysis, and intelligent modeling are
tools to improve the steam distillation process.
Table 1 exposes the core of the propositions
to process improvements and, in consequence,
sustainable performance (green extraction). PLC
(Programmable Logic Controller) is the first
element of process control. SCADA (Supervisory
Control and Data Acquisition) is the human-

Figure 1. Essential oil conventional steam distillation process.

Vaporized essential oils
and steam

Condenser Warm water

—>
Hot steam —> —> ': outlet
F 8 e
\‘\ “\ LYY ( \
J ) . .
...... > Essential oils
=) "\ N
Plant materials 4 I==i
yie = 8
L e | stin ~) :
IF ar "'-’Q Mixture of
Praa Rk, essential oils
,? Aty -,3“’%.:‘(4;'3 ) =y and hydrosols
o f.s;':}r e d‘,}g Grid
o Girogroa |/ :| o)
Eesssssnnn] —_ 0
KEEL KL Cooling
B L 12 water inlet
Hydrosols ﬂ
Essential oils
Steam generator — and water Oil separator Qo

www.jbth.com.br



130 Essential Oil Extraction and

Emerging Technologies JBTH 2021; (December)

Table 1. Comparison between current and proposed situations.

Current Status

Proposed Status

Sensors Few sensors, local indication

Data Acquisition No automatic data acquisition.
Only handwritten logbook with
final yield and process duration
information.

Data Treatment None

Modeling (A.L) None

Sensors transmitting data to PLC, SCADA
and A.L

All data are from sensors, operator
inputs, duration between main events,
and outputs are logged to allow
correlations.

Statistical analysis and search for promise
correlations.

Correlations allow the systematic
improvement of process parameters
coming from A.L

machine interface and the center of the data
acquisition system. The Al (Artificial Intelligence)
1s embodied in a model, searching correlations and
proposing optimized process parameters [13].

The process diagrams display the differences
between a conventional extraction plant, without
sensors/controls, and the one instrumented
to detect deviations, allowing proper control,
correlations, and, consequently, process parameters
optimization (Figure 2).

In this optimized proposition, conventional
temperature sensors (transmitters) should be
installed (Figure 3). In this conception, the
thermocouples were inserted internally into the raw
material bed to detect fluctuations in temperature
at the points where they should be the same (or just
slightly different). These differences indicate that
the steam is flowing through preferential paths,
named channeling by the authors. When these
undesired process phenomena occur, they affect
yield and quality: two indicators with primary and
secondary consequences over the environmental
performance.

The image processing system intends to detect
the progress of the extraction curve (Figure 4)
and determine the economic end-of-extraction,
being t1 within the ramp of maximum slope, t2 the
economic end-of-extraction time, and t3 the time
usually used in the industry. The period between t2

and t3 shows where is the waste of energy, water,
and capacity: a clear impact on the operation's
overall effectiveness, including environmental
care. Also, it shows the risk of product degradation,
due to overexposure to high temperatures, can
occur.

All correlation possibilities among yield,
hydrosol weight, cooling water temperatures, and
other factors like channeling correction via stepper
driver action (frequency of action, duration, and
magnitude of the movement) are possible due to
the applied technology. The data acquisition and
the data treatment indicate, batch after batch,
better parameters, toward the optimized ones with
modeling [7], for instance with a digital twin [8]. It
means that monitoring, controlling, and providing
optimized process parameters can effectively
contribute to an eco-friendly operation.

Results and Discussion

The main results can be placed as a
promising proposition for the essential oil
industry as a technological path toward a
continuous improvement production process.
The prospects coming from the affirmation: “being
green with technology” are clear: manufacturing
facilities market development, without the properly
applied technology, is impacted, reduced if none
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Figure 2. Comparison between conventional and technologically developed processes.
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when competitiveness is at the stake. The structure
production (extraction, lacks control, monitoring,
and continuous optimization parameters) can
compromise the strategic business dimensions.
Then, technology embeds opportunities for
the essential oil business, with an impact on
sustainability performance.

Conclusion

It is almost impossible to establish a standard
solution to fit all needs in the essential oil

industry. It is, indeed, not a case of “one size
fits all”. However, this paper is an invitation to
researchers for further studies on the subject with
evident beneficial consequences to a greener
world.
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Proposing a Method for Assessing Fuel Consumption and Pollutants Emissions with the Use of
Continuously Variable Transmission in Town Cars
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The 21% century brings countless social, economic, environmental, and technological challenges to humanity
and, to face them, the United Nations (UN) created the Sustainable Development Goals (SDGs). The auto
industry, which is part of the private sector, aims to reach them. In this context, this study aims to evaluate the
consumption and emissions of pollutants by using an automatic transmission of the CVT (Continuously Variable
Transmission) type concerning the automatic transmission of the '"Planetary" type. This study will be based on
the Consumption/Energy Efficiency tables, published annually by INMETRO (National Institute of Metrology,
Quality, and Technology) and whose data will be processed and evaluated using the Quik Sense Software. Thus,
the work aims to appraise the advantages of vehicles with automatic transmission of the CVT type about fuel
consumption, energy efficiency and emissions, in markets such as Brazil, where these vehicles use ethanol or
a mixture of gasoline with up to 27 as fuel % Ethanol. This research can contribute to studies of emission
control and approval, benefiting the automotive industry in general, government agencies, the environment, the

economy, and society, contributing to the UN's SDGs achievement.

Keywords: Emissions. Consumption. CVT. Transmission by Planetary.

Development.
Introduction

Nowadays, research and development of quality
products that meet the demands of consumers are
essential, in addition to the broad competition in
the market and the relevant legislation (Route
2030: Law No. 13,755). In addition, these
products must be within the Goals for Achieving
Sustainable Development (SDG), included in the
2030 Agenda of the United Nations (UN), which
Brazil ratified.

The Sustainable Development Goals (SDGs)
belong to a global agenda, adopted during
the United Nations Summit on Sustainable
Development, in September 2015, comprising
17 objectives and 169 goals to be achieved by
2030 (UN, 2015). This agenda includes global
actions in the areas of poverty eradication, food
security, agriculture, health, education, gender
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Energy Efficiency. Sustainable

equality, reduction of inequalities, energy, water
and sanitation, sustainable patterns of production
and consumption, climate change, sustainable
cities, protection, and sustainable use of oceans
and terrestrial ecosystems, inclusive economic
growth, infrastructure, industrialization, among
others (UN, 2015). Among the 17 SDGs, three are
directly impacted by urban mobility and the use of
motor vehicles.

The SDG 03 "Good Health and Well-being"
aims "To ensure a healthy life and promote well-
being for all, at all ages" Within its objectives is
the target 3.9: "By 2030, substantially reduce the
number of deaths and diseases from dangerous
chemicals, contamination and pollution of air,
water and the soil", which this work will seek
to contribute when offering proof of which
transmission will pollute less.

The SDG 01, " Sustainable Cities and
Communities", seeks to "Make cities and
human settlements inclusive, safe, resilient and
sustainable. " Its goal 11.6: "By 2030, reduce the
negative environmental impact per capita of cities,
including paying special attention to air quality,
municipal waste management, and others; " and,
in particular, submit 11.6.2 "Average annual
level of inhalable particles (e.g. with particulate
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diameter less than 2.5 um and 10 pm) in cities
(weighted population)", which are also targets of
the contribution of this study.

And SDG 13, "Action Against Global Climate
Change", seeks to "take urgent action to combat
climate change and its impacts". Within this
objective, goal 13.2: "Integrate climate change
measures into national policies, strategies, and
planning"; and its goal 13.2.2: "Total greenhouse
gas emissions per year"; which are united nations
determinations that this research aims to privilege,
through the use of a more efficient product by the
consumer.

A solution to reduce fuel consumption and
pollutant gas emissions in automatic transmission
vehicles is the Continuously Variable Transmission
(CVT), imagined by Leonardo da Vinci more
than 500 years ago, which can simulate an
infinite amount of gait relationships. It contains
a system of two pulleys of different sizes, which
are interconnected by a high-strength metal belt,
rather than gears with certain sizes (Beltrdo, 2015).

There is a consensus that a CVT transmission
presents an advantage with fuel consumption when
compared to automatic planetary transmissions.
This is since CVT has a “continuous” gear shift,
making it possible to keep the engine working in
“optimal” regions of torque and power [14].

In a CVT transmission, torque transfer is done
by friction between a belt and two pulleys. The
torque transmission capacity of the CVT is directly
related to the axial forces of the primary and
secondary pulleys. These forces are the result of
hydraulic pressure from the transmission pumping
system. This hydraulic pressure plus the friction
of the metal belt with the pulleys are the main
points of efficiency losses: oil pump / hydraulic
actuation system that works between 50 and 70
bar (a Planetary automatic transmission is less than
half of this pressure) and the very high friction
torque transmission (to prevent slipping). Thus, the
efficiency of a CVT is 10% to -20% lower than an
automatic transmission by planetary [6].

It is important to note that, in a continuously
variable transmission (CVT), the ratio changes

between its maximum and minimum values
(Span), a characteristic that disassociates the
engine's speed (rotation) from the vehicle's
speed. This feature allows an additional degree of
freedom to accompany the ideal engine operation
line (OOL- Optimal Operation Line) and thus
operate in a region of greater efficiency. However,
for automatic transmission by planetary gears,
which have defined gears (“gear sets”), gear
changes can only contribute to the operation of
the engine in areas “close” to its ideal region. This
difference between them allows an improvement
of 5% to 15% in fuel economy for a vehicle with
CVT transmission - when we compared a vehicle
with automatic transmission for planetary (stepped
gears). Especially when the maximum speed of
the vehicle is relatively low; we observed that the
improvement in fuel economy is more significant
[14].

In addition, as the number of gears ("gear
sets") of an automatic planetary transmission
increases and the interval decreases, such as an
8/9 or 10-speed transmission, the influence of
the types of "gear changes" (planetary staggered
and continuously variable) in the efficiency of
the engine operation is reduced. In addition, the
improved fuel economy of CVT vehicles became
not very clear, as the efficiency of the planetary
transmission is higher due to its lower hydraulic
loss. [14].

In this context, the objective of this project will
be to compare CVT automatic transmissions with
automatic planetary transmissions in vehicles sold
in Brazil using E27 and E100 fuels and INMETRO
approval data for consumption and emissions and
to analyze the best correlation methodology. Thus,
the development of this research can contribute
to the goals of SDGs 03, 11, and 13 and the
Brazilian “NDC” (“Contribui¢des Nacionalmente
Determinadas”, like Rota 2030), which can bring
more savings to the consumer and contribute
to the sustainable development of the planet.
To exemplify, we present the Graphic 1 of the
“sawtooth diagram”, in which the scale of a
manual transmission (planetary transmissions
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presents a similar behave) can be compared with a
“smoother curve” of a CVT transmission.

Materials and Methods

We did a bibliographic search to identify the
results of studies that evaluate: fuel consumption
as a reason for choosing CVT transmission to
equip vehicles; comparisons of types of automatic
transmissions regarding fuel consumption and
atmospheric emissions, and efficiency studies of
CVT transmissions.

We used the data about consumption and
emissions from back 2011 through the annual
publication of vehicle homologation issued by
INMETRO (National Institute of Metrology, Quality
and Technology — “Instituto Nacional de Metrologia,
Qualidade e Tecnologia”)[11]. The choice ofthe "Fuel
consumption/energy efficiency table for automotive
vehicles", applied by INMETRO for vehicles sold
in Brazil, is due to the standardization of data from
various sources (automakers), such as the same test
procedures. Results are shown in km /I (kilometers
per liter) taken under the same standard laboratory
conditions (NBR7024) and adjusted for the most

common simulated conditions ofuse (applications).
We tabulated this data in an excel spreadsheet,
selecting vehicles and engines of most
commercialized versions; excluding manual,
hybrid, and automated transmissions. We also
excluded diesel engines and vehicles of specific
applications (sports and off-road use), focusing on
CVT and planetary transmissions and gasoline and
flexible engines with a maximum displacement
capacity of 2.0 liters and with torque and power
numbers within a specific range (Table 1).

Results and Discussion

Using the “Qlick Sense” software for the
consumption, efficiency, and emissions data, from
the sample resulting from the tabulation, we can
understand the collective behavior of each type of
transmission studied (planetary and Continuously
Variable). The analysis, also, has been validated
by statistical reviews and comparisons.
Finally, we create a dashboard per cluster system
to understand the collective behavior of each type
of transmission, associated with the type of fuels
and engines applications (Graphics 2 and 3).

Graphic 1. Sawtooth diagram (Manual transmission and CVT “smoother curve).
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In both "scatter plot" graphs we can see
that CVT transmission presents the lowest
consumption result for the city cycle in both
Ethanol and Gasoline when compared to planetary
transmissions. In the road cycle, the CVT achieves
consumption values similar to the best Planetary
transmission (A7 - 7 gears) when using Ethanol
and is among the lowest consumptions for the
road cycle when using Gasoline.

Conclusion

Through our study we were able to conclude:
1) Based on a summary of INMETRO
Homologation data for fuel consumption,
energy efficiency, and exhaust emissions for
PL6 (Brazilian market in the last 10 years),
CVT has been showing an advantage about the
fuel consumption, but planetary transmissions
launched in the last years it has been showing
good consumption figures in "Highways",
and like the "Dashboard", we will be able to
expand it to other vehicles and markets that use

homologation tables similar to those used in Brazil.
2) Further work may provide a view of the
Brazilian market, its competitors, and what are the
trends in the short and medium term.
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Graphic 3. Gasoline fuel consumption average scatter plot.
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This article discusses the false antagonism between sustainable development and corporate performance
amalgamated with the search for innovation, intensive use of technologies, and global awareness, during the
COVID-19 pandemic scenario and the transformations imposed on society, together with the effects of the
necessary insertion of new technologies such as Artificial Intelligence. The study highlights the interaction
between elements of a technological revolution that imposes profound changes in society, organizations, and, at
the same time, unprecedented health and environmental crisis that put at risk the capacity of human resilience
to build the future, and opportunities to reconcile socio-economic advances and sustainability practices.
Keywords: Economic Development. Sustainability. Innovation. Artificial Intelligence. COVID-19.

Introduction

Faced with the enormous challenges related
to the protection of the planet and the issues of
development, knowledge, and sustainability, some
may question whether it is possible to speak of
management skills for sustainable development
because this seems to be a theme that contradicts
the current economic logic and calls into question
the commitment to the future. In addition to
raising questions about environmental challenges,
"sustainable growth" also brings new perspectives
on people's relationship with the environment,
suggesting other practices based on new concepts
of learning and skills training for work.

This article addresses the paradox and the
dynamics between sustainable development,
corporate performance, and the current capitalist
system. It is a great challenge to incorporate
sustainability at the heart of organizations, which
still maintain the angry economic models based
on polluting and non-renewable energy sources.
This challenge is aligned with the idea of possible
configurations of organizational practices aimed
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at "bearable growth". It can improve through new
technologies, new skills, and updates in learning
models focused on sustainability.

The emergence of the SARS-CoV-2 coronavirus
and the rapid spread, mutation, and lethality of the
virus has forced a context of abrupt changes in
the way of life in today's society. With the global
synergy to fight the pandemic, the emergence of
new technologies, fostering innovation, reducing
bureaucracy in various means of communication
and connectivity, disseminating knowledge,
and adapting to a new way of life, society is
experiencing an unprecedented moment of
inevitable transitions.

The current crisis has intensified the urgency for
effective and more than ever immediate solutions.
To this end, the intensive use of new technologies
and the demand for technological innovations
to solve current problems play a central role in
today's society. In this panorama, we discussed the
current role of Artificial Intelligence (Al).

The Relentless Competition Between Economic
and Sustainable Development

Schumpeter [1] when studying Kondratieff's
cycles in detail (Figure 1) and pointing out that
periods of economic expansion were leveraged by
major innovations in the world economy, which
are disruptive forces that allow economic growth
and affirming that entrepreneurship is the force
propelling economic development, it opposes the
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neoclassical view that defended the economy as
something stationary.

Understanding as a determining characteristic
of the entrepreneur the search for monopoly
profit, arising from the means of production, the
entrepreneurial function has played a fundamental
role in stimulating economic dynamism using
technical ideas and inventions, accessing finance,
and transforming these ideas into technological,
commercial, and organizational innovations, heating
the capitalist economy as a whole [3,4]. That said,
we emphasize that for corporate development to
continue to reach new consumer markets, it is
necessary to update, innovate, explore commercial
and material resources. And, amid the unregulated
balance between the increase in the world population,
high consumption of goods, and the insufficiency of
policies and practical actions for sustainable products,
reverse logistics, and renewable energies, it becomes
imperative to remodel how projects have been related
to the environment.

Figure 1. Long waves of innovation.

Treating sustainability more comprehensively
presupposes breaking paradigms in our current
society. The broadest treatment of the word refers
to the way to conduct the construction of the global
society. So, it may guarantee its present and future
existence with decent conditions to safeguard the
basic needs and further others. There is no way to
consider the partial sustainability of one or several
countries. It is necessary to consider the impacts
of human nature as a whole, rather than individual
countries.

An approach much discussed in recent years
is that of the Circular Economy, which can
be expressed as an economic model aimed at
the efficient use of resources supported by
their prolonged use, reduction of waste and
primary resources, the incentive to closed
product cycles, benefits socio-economic,
environmentally adapted production processes
and systems (Figure 2). It is believed that
the circular economy decouples economic
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Figure 2. Circular economy.
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growth from the negative consequences of the
exploratory use of resources and environmental
degradation [5,6].

It is possible to notice that the direction,
training, public policies, and sensitivity regarding
the allocation of management capacities change
due to environmental and social changes. By
defining organizational goals and strategies
aimed at economic development in parallel with
sustainable performance, it is possible to make
the organization highly competitive and, even so,
engage the entire corporate environment towards
a sustainable agenda [8].

Post-Covid Social Behavior

With the arrival of the COVID-19 Pandemic,
several companies adhered, almost obligatorily, to
the telework or home-office model, aiming at the
normal functioning of the operation, accelerating
the flexibility of the labor model, which was in a
slow growth process [9].

The confinement experience can follow different
social paths. Positivist scenarios can touch on the
valorization of less materialistic activities and

obtaining new technologies developed during
COVID-19, there are also possibilities of opposing
scenarios that can follow the old normality, virtual
materialists, gregarious simplifiers, and online rebels.
Figure 3 shows the relationship between sociability
and consumption, in a post COVID scenario [10].

The future scenario, related to a long-term
sustainable lifestyle, will depend on interactions
between governments, corporate commitments,
organized civil society activism, barriers,
and opportunities, social and environmental
imbalances that gave rise to the pandemic itself
[10].

Artificial Intellicence and the Paradox of
Development and Employability

According to the World Economic Forum, held
in September 2020, in 2025, the participation of
workers and machines in the labor market was
statistically tied, with 53% of human beings in labor
activities, and 47% of machines. The adoption of
digital technologies has been widely applied, such
as, for example, Artificial Intelligence (Al), adding
competitive differentials to multiple sectors of
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Figure 3. Post COVID scenarios and the relationship between sociability and consumption.
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the economy, relevant for the preservation and
evolution of business [11].

A new approach to data-based governance is
expected for large Brazilian cities. From the race to
create new platforms, such as health surveillance
and emergency forecasting, artificial intelligence
(AI) systems formulate substantiated political
evidence inferred through the handling of big
data and other sources of information available
to governments. Thus, we expected that learning
with Al would expand the universalization of
government actions. [12].

The COVID-19 scenario reveals inequality
in access to digital capital, a mirror of structural
inequalities in Brazil. During this period, there will
have strong creation and generation of information
using technologies, but there is no expectation
that this knowledge and potential can reach the
entire population. Such issues bring up the risk
of reproducing and perpetuating inequalities
in the highly technological environments of
the future, real and not to be underestimated.

Marginalized groups survive in a complex matrix
of vulnerabilities, ranging from economic, social,
and legal dimensions to cultural, digital, and
political dimensions [12].

Materials and Methods

Theresearchmethodology appliedinthisarticle
has an observational purpose, aiming to explore
modern content based on social and economic
sciences. Three aspects related to changes in
human relations and the scenario of sustainable
development after COVID-19 are analyzed.
Furthermore, regarding the nature of the research,
it is classified as applied and its approach
is qualitative, allowing analysis of specific
characteristics in each circumstantial context
[13].

This research has an exploratory character,
analyzing and updating concepts in a specific
context and exploring a current panorama through
bibliographic review.
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Concerning  technical  procedures, the
methodology of this article uses bibliographic and
documentary research. In this context, scientific
publications, articles, and documents from private
organizations were used as the basis for the
analysis presented in this article.

Results and Discussion

All the effects perceived by the deceleration of
human exploratory activities in the biosphere also
called "blessing in disguise" must be analyzed and
considered so that it can serve as a guide for a new
model of human development that remodels issues
of corporate development in communion with
sustainable development, in the broader sense of
the expression. The constant reflection on the
events resulting from the pandemic is crucial for
society to self-assess the impacts it has brought to
the planet and rethink the possible measures that
should be taken within this new capitalist dynamic.
Some socio-environmental problems are exposed
during the pandemic. The scientific-technological
development in the health areas is the most easily
perceptible. However, with a little more care,
the identification of gaps in the energy, logistics,
and material management sectors, which assume
new management approaches and the inclusion

Figure 4. Digitalization of environmental impacts.

of increasingly intelligent digital devices (Figure
4).In a "new normal", development must meet
the needs of a lifestyle without compromising
the capacity of future generations, and, for this,
technological innovations and transformations are
stimuli for the diffusion and absorption of green
technologies, the basis for enabling the challenge
in reconciling economic growth and social and
environmental well-being. It is a feasible proposal
to active influence against the depletion of natural
resources and environmental degradation, at a
level more adjusted to the opportunities presented
during the COVID-19 pandemic.

Thedigital worldreproducesthebusinessmodels
of the physical economy. Thus, in a new dynamic
of cities, the use of new technologies developed in
the areas of education, health, and infrastructure
will contribute to participation and collaboration by
citizens, in addition to the possibility of improving
public transparency. Thus, there must be an impact
on the sustainable development of cities and the
potentializing innovation benefits for people.
The dynamic after COVID-19, in a perspective
of more frugal consumption, signals more and
more adherence to the circular economy, with the
expectation of developing technologies capable of
improving the efficiency of manufactures and use of
resources, renewable and recyclable products with

Source: Adapted from Tigre 2014 [4].
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carbon capture solutions. There is an opportunity
for the lessons learned from the collaboration
and sharing of information in research, which
provided the world with the development of new
knowledge and means to support the period of
isolation, to be the great technological lever for
the union of various branches of the economy,
establishing partnerships for the development of
innovation and technology, deconstructing the
paradox of individualities between nations and
companies.

Conclusion

Through this study, it was possible to respond
to existing relationships and highlight that we are
experiencingatechnologicalrevolutionthatimposes
profound changes that put at risk our capacity for
the humanitarian organization to build a more
balanced future with sustainable development.
Human-machine collaboration and emerging
technologies in this country are essential to ensure
ethical, creative, and responsible use of Al It is
possible to develop it to support human potential in
challenges such as the fight against the coronavirus
from a data platform, diagnosis, discovery of new
treatments, identification of serious diseases, or
monitoring environmental legislation.

It is suggested that the outcome depends on
how we will use this knowledge and our capacity
for global cooperation towards community goals.
Based on effective global cooperation, we will
have the opportunity to reconcile social-economic
advances and sustainability practices with the
recovery of the environment.
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Prospective Study of Communication and Information Technologies for the Deaf
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This article presents a prospective study of Information Technologies and Communication for Deaf people. Aims
to carry out a technological investigation of patents filed in Questel Orbit, to identify the Accessible Information
and Communication Technologies developed for Deaf people. The methodological path in this research is a
systematic review, exploratory, and prospective study of technologies. So, we identified ninety-two documents
filed in the Orbit patent database. This prospective study showed a progressive growth of papers in the last five
years, but discreet regarding developed Deaf technologies' registration. It also highlights that China has the
highest number of these technologies, while Brazil has only one technology developed.

Keywords: Prospecting. Technology. Communication. Deaf. Patent.

Introduction

The development of Information and
Communication Technologies (ICT) enables
an education space, providing opportunities to
develop new spaces of teaching and learning.
Digital innovations place informational resources
and communication tools more accessible to users,
helping people use the available tools.

The development of an 'interface' accessible to
people with disabilities promotes digital inclusion
and enables knowledge. In this study, we chose
hearing loss /Deafness.

According to Marchesi (1996) [1], deafness
is characterized by loss, larger or minor, of
the current perception of sounds, with several
categories of hearing impairment, in general,
classified according to the degree of hearing
loss.

Currently, the expression deaf is used, in the
clinical/medical context, to the person who has
a hearing deficit that impedes acquiring the oral/
auditory language. However, the term Deaf is
used especially by the deaf community to build
a cultural identity anchored in the Brazilian Sign
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Language - Libras recognized and regulated by
laws and federal decree.

According to Skliar (1999 p.142) [2], sign
language cancels the deficiency and allows that
the deaf constitutes, then, a different minority
linguistic community and not a deviation from
“normality”. So, thinking of deafness should be
as a linguistic difference, not a pathology nor
a disability that attributes to the Deaf person
a condition of inferiority for being users of a
modality of language visual-gesture.

In this sense, the present study aimed to survey
world technology of patents filed in Questel
Orbit®, thus intending to identify the accessible
Information and Communication Technologies
developed for Deaf people.

Information and Communication Technology x
Importance of ICTs

In modernity with the Internet Invention and
current evolution, the information reaches people
quickly and, the use of various tools provides,
above all, interaction and consequently learning.
According to Levy (1999) [3], new ways of
thinking and living are being developed in the
world of Computing. Thus, various technological
resources have been created to contribute to human
life beings, which we highlight as one of the
most Eminent Information and Communication
Technologies (ICT's).

ICTs are made up of technical resources
integrated with some objectives and as a tool that
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allows communication between humans without
barriers. Consequently, through the 'internet',
information and communication systems are
developed, forming a network that is constantly
reinventing itself. For Vasconcelos (2015) [4],
technologies should contribute to personal
experiences, sensations and create emotions
regardless of culture and location, enabling new
experiences through networks that allow access to
information.

In this manner, information and communication
technologies, as tools, create different spaces for
interaction, teaching, and learning, providing
autonomy, making information and communication
accessible to everyone in the democratic process
of contemporary society.

TheImportance ofInformationand Communication
Technology for the Deaf

Information and Communication Technology
play a pivotal role in the digital and social
inclusion of the Deaf, as it helps with information
and communication.

For Rosa and Cruz (2001) [5], the Internet
and its various configurations are crucial for
the insertion of the Deaf in society, because it
provides a multiplicity and diversity of visual
resources, enabling a better understanding of
the messages since their communication takes
place through the Brazilian Sign Language,
which constitutes a visual-space language. ICTs
contribute by capacitating the Deaf to have access
to information, communication, and consequently
to knowledge.

Materials and Methods

We did a literature review, followed by a
prospective study of technological solutions with
potential application in deaf education. A survey
of patent application processes was carried out on
the Questel Orbit Intelligence® software platform,
filed nationally and internationally in the period
2001 to 2021.

Questel Orbit Intelligence® was chosen
because it enables statistical analysis and the
generation of graphs and maps on broad sets of
patents, filing companies, inventors, geographic
distribution, legal status, and year of registration.

Questel Orbit® is a paid platform for online
access to the patent search and analysis system
with information on more than 107 million patents
filed in several countries [6]. The search strategy
used was the advanced search — Title, Abstract,
and Claims — for the following descriptors in
English — Technology, Communication, Deaf.
The logical Boolean operator “and” was also used
to cover a more effective result, as shown in Figure
1. Data collection was carried out in July 2021.

The inclusion and exclusion criteria were the
Information and Communication Technologies
developed for the Deaf, deposited in the Questel
Orbit database since 2002 - the year of Law 10.436
that regulates the Brazilian Sign Language. The
exclusion criteria were patents that did not focus
on the researched subject and those filed before
Law 10.436 of April 24, 2002 [7,8].

Results and Discussion

We selected and analyzed 92 patent documents
focusing on the study of Information and
Communication Technologies developed for the
Deaf, deposited in the Questel Orbit database
(2021) [6]. The results present the distribution
of patents among countries; the annual evolution
of patent filings over the years; the identification
of the 15 biggest assignees of the 15 biggest
inventors.

Figure 2 shows the world map of countries with
Information and Communication Technologies
developed for the Deaf. The gray color means
countries without patents, and as the blue color
gets darker, it means increasing the number of
patents.

Assessing the documents obtained through
technological prospecting, it was possible to
observe that the largest developing country of
information and communication technologies
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Figure 1. Data collection (July 2021).
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Figure 2. Distribution of patents between countries.
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Source: Questel Orbit (2021) [6].

developed for the Deaf is China with 59 patents,
followed by India with 16 and the United States
with 11 technology.

Figure 3 shows the annual evolution of
patent applications filed, correlated in the
various technological areas, between the years
2002 to 2021. We observed that the number

of registered patents remains constant from
2008 to 2015. However, there was a pattern of
growth, with some atypical peaks in the years
2016 to 2020, after then there was a sharp drop
in the number of publications. The year 2018
had a high occurrence in patent registrations
with 22 filings.
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The year 2021 should not be interpreted
as a result of low investments in research and
development, based on the number of patents
filed in the area, noting that the reduced number
must be explained by the period of secrecy, which
normally lasts 18 months.

In Figure 4, it is possible to verify the
relationship between the Institutions with the
prominence in the protection of information and
communication technologies developed for the
Deaf and the number of patents related to each
one of them. So, Chinese universities appear with
a significant percentage of deposits, as it confirms
the predominance of university institutions.

In Figure 5, the top 15 inventors are listed
in a 20-year interval based on the priority
year, highlighting inventors Ceng Yaokuan, Li
Guanghuang, Li Wanjian, Luo Hui, Qin Guomi,
Zhong Zhiwei, and Zhu Penghui, all of them with
03 families of patents.

The results presented in this prospective study
show that after the enactment of Law 10.436
24/04/2002 [7], which recognizes Libras as the first
language of Deaf people, in Brazil the advances in
the development of new assistive technologies for
Deaf people who communicate in the Language
of signs are still incipient about other inventor
countries.

Final Considerations

This prospective study made it possible to
consider that there are patented technologies
around the world on information and
communication technology for the Deaf. With
the search, it was possible to observe that Brazil
has one (01) registered technology. Our study
shows that Brazil has not given importance
to the development of assistive technologies
which would provide the Deaf with access to
information and communication, ensuring digital
and linguistic accessibility, according to Brazilian
legislation. On the opposite way to Brazil, we
observed that countries such as China, India,
and the United States of America intensify
studies in large University Institutions.

Therefore, we verified that the registration
of patents is an indicator of the development of
information and communication technology for
the Deaf, in this manner, it presented a gradual
growth in the last five years, although still discreet
registration.

The use of technologies is essential for
social inclusion and enables people's cognitive
development. In the digital age, several
technologies have been helped the Deaf, especially
in communication, and provided social inclusion.

Figure 3. Annual evolution of patent filing over the years.
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Figure 4. Identification of the 15 largest technology holders.
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Figure 5. Identification of the 15 greatest inventors.
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Suicide is considered by the World Health Organization (WHO) as a public health problem that afflicts the whole
society and it counts more deaths than many diseases. Therefore, the current objective is to analyze the suicide
deaths between 1985 and 2020 and classify them according to the act. Through KNN, this study presents suicide
cases grouped by sex (male and female) and associate them to factors by country, pointing out information that
allows us to understand what influences the act the most directly or indirectly. The results showed that, unlike
other researches, the rate of suicide does not have differences based on sex. However, further studies are needed.

Keywords: Suicide. Victim. Data. Influences.
Introduction

Suicide is a voluntary act that aims to end
one's life and is considered an act of violence [1],
affecting families, communities, countries, leaving
deep marks on those who stay [2]. Therefore, the
World Health Organization (WHO) considers
suiciding a public health problem [3].

The WHO [3] reports that suicide remains one
of the leading causes of death in the world ( one in
a hundred ) and that annually counts more deaths
than diseases such as HIV, malaria, breast cancer,
as well as homicides and wars. In 2019 alone, more
than 700,000 people committed suicide worldwide
(1 case every 40 seconds) [4], and many others
tried but failed. According to the Secretaria de
Saude da Bahia [4], in Brazil, about 12,000 people
take their own lives each year, corresponding to
approximately 6% of the population. There is one
case every 46 minutes, being more recurrent in
the male black population aged between 10 and
29 years. It is estimated that more than 90% of
suicide cases are related to mental illnesses, being
depression first, followed by bipolar disorder and
drug abuse.
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Given the pandemic scenario due to COVID-19,
the need to stay athome increased the rate of suicide
worldwide. According to OPAS [5], the anguish,
anxiety, and depression of isolation, combined
with cases of violence, alcohol consumption
disorders, substance abuse, and feelings of
loss, can become factors that may increase the
chances of a person taking their own life. With
the severity of the scenario, several measures have
been used to prevent the consummation of the
act, such as the creation and operation of social
assistance centers, like Psychosocial Care Centers
(CAPS) and the Centers for The Valorization of
Life (CVV). The WHO [4] states that suicide is
preventable in 90% of cases, and towards that goal,
there is also an awareness campaign established
for suicide prevention, the month of September,
also viewed as the month of suicide prevention.
Initiatives that make use of technologies have also
played an important role in suicide prevention,
in example "the algorithm of life", developed by
SAP and Amazon Web Services, which monitors
tweets seeking to identify profiles at high risk of
depression, forwarding the messages to specialized
centers [6].

Seunghyong Ryu and colleagues [7] propose a
tool that makes use of the random-forest machine
learning algorithm, a computational model for
predicting suicidal ideation in individuals through
Machine Learning. The study aimed to develop a
tool capable of perceiving how likely individuals
are to proceed with the act, based on samples of
ideals. In its completion, it was concluded that,
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although its accuracy is acceptable, working on
some factors is necessary to increase it throughout
the technique.

Taking into account the previous study, another
was also carried out involving the n-gram linear
regression method and later random-forest machine
learning within the Facebook social network
looking for texts or other types of publications
possibly related to the act of suicide[8]. These types
of studies show that, through social media and its
resources, it could be possible to prevent the suicide
act from simple messages and posts interchange.

Therefore, this research aims at predicting
and correlating factors involved in suicides
to understand which of them most affect and
influence the execution of the action, when those
factors are seen from a scope.

Materials and Methods

In this work, aknowledge discovery in databases
(KDD) process was carried out, containing
the following steps: Database Definition, Pre-
processing, Data Mining, and Data Analysis. They
are detailed below.

Database Definition

We used two public databases extracted from
the World Health Organization (WHO) [9], one
(deaths database) containing records of deaths
worldwide during the period from 1985 to 2020,
and another (population database) containing
the total population of each country during the
same period. The first consists of 5 files, totaling
4.209.751 records, and 5 attributes the number
of deaths grouped by age group, country, year,
sex, population, and cause of death. The second
consists of a single file grouped by mid-year
population and live births, with 9.719 records.

Pre-Processing

The first step was to change the identification of
the country attribute from numbers to their actual

names. The database is formatted with only an ID
of each country, and that has to be referenced with
the list of names given by the same organization.
As the objective of this project was to analyze
a correlation between possible factors that lead
to suicide, it was necessary to filter the deaths
database. To proceed, a filtering of the column
"cause" that represents the causes of death,
was done, selecting only those whose codes
are indicative of suicides and self-inflicted
injuries, thus ensuring to work only with
records related to the focus of the study, suicide.
Given value of total deaths and populations
were absolute, it was necessary to normalize
them, so we used the MinMaxScaler method of
Python 3's SKLearn module. Following that, the
population database was joined with the deaths
database generating a single dataset that was
used in the data mining and data analysis steps.

Data Mining

We did a comparison between the columns of
the dataset to check if the numbers of suicides
and total populations have any perceivable
relation. Then, to apply the K Nearest Neighbours
(KNN) method, a range of K-values were
analyzed based on the accuracy with which
they could better fit the classification method.
This research followed a branch of studies, namely
CVV and OPAS, which reported cases of suicides
being more present in men than women, justifying
the main factors used for the classification: sex,
number of suicides, and population. Therefore,
we analyzed the results by the K-Nearest
Neighbors (KNN) method, in which sex was
used as the target of the classification. Thus it
could be demonstrated if the cases would present
a uniformity based on the sex of the victim.

Data Analysis

We used the Python 3 language to perform the
data analysis with the libraries: numpy, pandas,
seaborn, and matplotlib. The results were plotted
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in the form of a Heatmap to allow visualization
of the relations between each data. Then, after the
best value for the KNN classification was found
in a graph showing the accuracy, the classification
was executed by itself and its decision regions
were plotted, so their homogeneity could be
analyzed.

Results and Discussion

Heatmap

The heatmap produced presents the correlation
between the values of total deaths and total
populations in each country and the years they
were noted (Figure 1). The lighter points represent
high correlation, and the darker ones represent the
low correlation. Each label is separated with two
hidden attributes between them.

The correlation showed no relevant data to the
study, having the values of the deaths correlate
with themselves. It, however, demonstrates that
closer age groups have a higher correlation with
themselves, except for the age groups in the
extremities, the younger and older ones. It also
shows in the darker areas a lesser correlation of the
younger age groups to suicide rates when compared
to the older age groups, as children are usually less
connected with deaths by suicide and its causes.

The K Nearest Neighbour Method (KNN)

Cross-Validation

For the realization of KNN, the best value of
K Nearest Neighbors was verified through cross-
validation, using a graph for a more accurate
demonstration of the value range chosen. We use
another module called SciKit Learn, also from
Python 3, to do the process.

The accuracy was measured between the values
1 through 30. The value of 2 was the most accurate
for the classification (Figure 2). No further testing
was needed as accuracy only decreased as the
value increased.

Classification

The data was then formatted using Python's
PCA module to fit the format of the KNN method,
implementing it with the values 0 for the missing
data, 1 for men, and 2 for women. With all the
requirements mentioned, the decision regions
were plotted to analyze the homogeneity of the
data as shown in Figure 3.

In the plotting regions, a low homogeneity
was demonstrated for both sexes, with the female
showing to be the most concrete. About the
regions, none seems to be consistent enough to
classify the data, and multiple outliers are present
across the regions, which is in the jagged borders
of the regions and the invading contrasting areas.
It is also worth noting that the value used for K
is relatively small, both decreasing the bias of the
classification and increasing its variation, which
could explain the outliers.

Conclusion

After observing the results of the KNN
methodology in standardized data, we concluded
that there are no significant clusters among the
evaluated data, demonstrating a lack of similarity
in the characteristics presented, hindering
the discovery of factors related to the rate of
incidents. However, we verified that female
victim does not differ much from males, except
for a few outliers, contradicting a few existing
studies. Although it can be theorized that there is a
correlation between the size of the population and
the number of suicides, as seen at the beginning
of the study, subsequent checks through the
methods bring contrary information, especially
at years when the rate of calculated suicides
does not differ much from country to country.
With the data restructured, the plot created did
not have enough information to answer what
factors lead to the person committing the act but
opened the possibility for new studies that seek
different factors from those used here, which can
determine what leads someone to exceed the limit
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Figure 1. Heatmap of the correlation between the data.
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of "thinking" about suicide to "act", to point out
new ways to reduce or prevent the in point of
suicides in countries.
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This study aimed to review the production of patent documents related to assistive technology on adapted
vehicles for people with disabilities. The technological prospection was carried out through a search on the
Espacenet database, resulting in 277 patents whose data we organized into charts. The results show that the
total number of patents filed in this area is small and with a limited increase over the years, maybe due to
industrial secrecy. Twenty-eight countries registered patents. The Republic of China and the Korea Republic
were the main depositors, while Brazil registered only one patent. They focused on people with a physical
disability, so further projects to attend to other types of disability are also required. There is a necessity to
increase government and private sectors investments for technological advances in this area.

Keywords: Assistive Technology. People with a Disability. Vehicles. Patents.

Introduction

According to the Brazilian Law on the
Inclusion of Persons with Disabilities (LBI — Lei
Brasileira de Inclusdo, in Portuguese) [1], a person
with a disability is that one that has a long-term
impairment of a physical, mental, intellectual, or
sensory nature. And their interaction with one or
more barriers may hinder their full and effective
participation in society on equal terms with other
people. As stated by World Health Organization
(WHO) [2], about 15% of the world population or
an estimated 1 billion people live with disabilities.
Brazil has almost 46 million people with
disabilities (PwD), which corresponds to 24% of
its total population.

Most of them present visual or physical
impairment and is more than 60 years old [3].
Between 2000 and 2015, the life expectancy
increased by 5 years globally and Brasil registered
a life expectancy of 75 years, and the tendency
was to increase it even more [4]. There was a
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decline of 1.94 years in 2020 due to the COVID-19
pandemic; this index in 2021 might drop even
more [5]. Anyway, the world population tends
to increase around 26%, achieving 9,7 billion
people in 2050 [6]. Of course, PwD quantity will
proportionally increase with this.

Many PwD needs are not supported due to lack
of infrastructure or investments and Brazil has
been slow in addressing these issues compared
with more developed countries. An arsenal of
equipment, services, and specific strategies called
assistive technology (AT) have been developed
to minimize or eliminate the functional problems
encountered by PwD. Per Portaria interministerial
n°® 362 [7], there are 12 AT categories:

1. Aid for daily life and practical life.
2. Augmentative and/or Alternative
Communication.
Computer accessibility features.
Environmental control systems.
Architectural projects for accessibility.
Orthoses and prostheses.
Postural adequacy.
Mobility aids.
Aid for the qualification of visual ability
and resources that expand information to
people with low vision or blindness.
10.Aid for hearing ability and autonomy in
communication to people with hearing
loss, deafness, and deaf-blindness.
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11.Adaptations in vehicles and vehicle access
environments.
12. Sports and leisure.

Overall, this study aims to characterize the
current technological maturity in the subject
related to assistive technology in adapted vehicles
for people with disabilities, analyzing the progress
of patent documents through a search on the
Espacenet database. Technological prospection
is useful to present the state-of-the-art of some
technology area, obtain information about its past
trajectory, and to market trends and perception of
items to be improved [8].

Materials and Methods

We used the free-of-charge patent searching
tool called Espacenet, from the European Patent
Office (EPO), with more than 90 million patent
documents from around the world. According to
INPI (Instituto Nacional da Propriedade Industrial,
in Portuguese) [9], the patent classification offers
an effective search tool for patent documents
by intellectual property offices and other users,
intending to establish novelty and to evaluate the
inventive step of technical disclosures in patent
applications.

To understand the state-of-the-art assistive
technology in adapted vehicles for people with
disabilities, we searched a patent with a strategy
that combined a set of keywords and International

Patent Classification (IPC) codes. The IPC,
established by the Strasbourg Agreement 1971,
provides for a hierarchical system of language-
independent symbols for the classification of
patents and utility models according to the different
areas of technology [10]. The keywords and/or
IPC codes presented in table 1 were inserted on
the field “title or abstract”, returning 383 patent
documents (Table 1).

We found the IPC codes on the International
Patent Classification WIPO (World Intellectual
Property Organization), which provides the
contents of 70 million patents worldwide [10]:

* A61G 3/00 - Ambulance aspects of vehicles;
Vehicles with special provisions for
transporting patients or disabled people, or
their conveyances.

« A61G 3/02 - Loading or
unloading personal transports;
Facilitating access of patients or disabled
persons to get into, or exit from, vehicles.

* A61G 3/04 - Transfer of seated patients
or disabled persons by swinging
about an upright axis.

* A61G 3/06 - Transfer using ramps, lifts, or
similar equipment.

* A61G 3/08 - Accommodating or securing
wheelchairs.

By reading the 383 patent abstracts, only those
patents focusing on PwD and adaptations in
vehicles/vehicle access environments (AT number

Table 1. Keywords and IPC codes used for patent search on the European Espacenet database.

Keywords and/or IPC Number of
Patent Documents

Disable and Vehicle and A61G3 280
Disabled and A61G3/00 60
Assistive Technolog and Vehicle 22

People with Disabilities and Vehicle 8
Disabled Person and Automotive 7
Disabled People and Automotive 6

Total 383
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11) were selected, totaling 277 patents, which are
the focus of this technological prospection study.
The 277 patents were exported to CSVed 1.4.9
programandthento Microsoft Excel fordistribution
of patent documents by the country of origin;
annual progress of patent development; patent
filings by principal applicants and inventors;
distribution of patent documents by the main IPC
codes.

Results and Discussion

Origin of Patent Documents

Figure 1 shows the distribution of patent
documents by country. In total, 28 countries
registered patents, being most of them belonging
to China (48), followed by the Korea Republic

(40) and Japan (32). Even having a high number
of PwD, Brazil has registered just one patent
document. It reinforces the importance of fostering
new AT projects for vehicles in this country.

Annual Progress of Patent Documents

Figure 2 shows the global annual progress
of patent publications between 1970 and 2020,
illustrating that the number of patents filed in this
study area is small (277) for 50 years. The first
patent was filed in 1973 in the United States.
However, there was an increased number of patent
deposits between 2007 and 2014 with a peak of
19 patents in 2014. Then there was a fall between
2015 and 2020, with a maximum number of 12
patents in 2018 and only 5 in 2020. We can also
notice many years with no patents in the studied

Figure 1. Distribution of patent documents by the countries with the highest number of deposited patent

documents.
CA 5 CA - Canada
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wo 5 Property Org. (WIPO)
TR 7 TR - Turkey
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IT 10 FR - France
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DE 19 JP - Japan
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CN 48
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Others*: NZ — New Zealand, PL — Poland, AU — Australia, NL — Netherlands, HU — Hungary, FI
— Finland, RU — Russia, AT — Austria, BR — Brazil, TW — Taiwan, SE — Sweden, SI —Slovenia, PT —
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three times or less.
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area, and the increase of patents publications over
the years is low.
Principal Applicants (Depositors) of Patent
Documents

Regarding the holders of technology, the total
number of patent documents spreads by different
depositors. Auto Tech Corp company from the
Korea Republic held the most with 8 patents,
followed by Daguang HU from China with 6
patents and Toyota Auto Body CO LTD from
Japan / Egan Thomas F from the United States
with 4 patents each. In Figure 3, we can see the
applicants with 3 or more deposited patents. The
other 267 depositors appeared just once or twice.
As expected, based on the previous analysis from,
Brazil is not on the list of principal applicants.

Main Inventors of Patent Documents

Figure 4 shows the number of patent documents
distributed by the inventor, and it considers only
the ones with 3 or more deposited patents. The
predominance of the Korea Republic appears
again (21 patents), followed by the United States
(9 patents) and China (6 patents). The other 413
investors appeared only once or twice. Kang Seong
Hee (Korea), Egan Thomas F (United States), and
Daguang Hu (China) have the highest number of
patent documents, being 6 for each of them.

International Patent Classification (IPC)

The number of patent documents by IPC
code is shown in Figure 5, containing only the
principal ones that appeared 10 times or more.
A61G3/06 is predominant (160 times), followed
by A61G3/00 (83 times), A61G3/02 (76 times),
and AG61/08 (43 times). Other 176 codes not
available in the chart were cited 8 times or less.
The A61G3 code family (ambulance aspects of
vehicles; vehicles with special provisions for
transporting patients or disabled persons, or
their conveyances) is predominant with 39%

of total IPC codes that appeared on this search.
From this, the highest portion (44%) is related
to projects for transferring using ramps, lifts, or
similar equipment (A61G3/06). Therefore, most
of the projects are focused on AT related to vehicle
access environments.

Conclusion

This study demonstrates that, despite the
relevance of this subject, there is still not a
representative number of patents related to AT
in adapted vehicles for PwD. According to the
presented data, there is a dominance from China,
Korea Republic, Japan, and United States on
the assistive technology in adapted vehicles for
people with disabilities. It is probably driven by
incentives led by their governments for Research
and Development (R&D) in the fields related
to technology. Even having a high quantity of
PwD, Brazil has only one deposited patent.
All the patent documents analyzed in this
technological prospection refer to mobility
and accessibility assistance, focused on people
with a physical disability. So, further projects
to attend to other types of disability are also
required. There are opportunities and needs for
increasing investments in AT projects inside the
vehicles, mainly to support PwD to drive them.
The increase of patents deposits over the years
is low and it may be related to companies’
confidentiality policies that limit their publications.
In the automotive industry, many innovations
are protected by patents but there is a lot of
restriction on data disclosure due to industrial
secrecy. Furthermore, the time and scope of
research work are not reflected in innovations
incorporated by business models. Another issue
is that the TA projects are expensive and do
not always provide the financial return desired
by the companies, limiting their investments.
The global demand from the PwD and the needs
for new assistive technology will continue
growing in proportion to the increase and aging of
the population.So,there is a necessity to increase

www.jbth.com.br



JBTH 2021; (December)

Assistive Technology in Vehicles for People Disabilities

161

Figure 2. Global growth of patent documents (annual progress between 1970 and 2020).
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Figure 3. Principal applicants (depositors) of patent documents.
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Figure 4. Principal inventors of patent documents.

SEO SUNG IL, [Korea Republic]
LIM JAE YONG, [Korea Republic]
KIM JONG KIE, [United States]

KIM JEONG GUK, [Korea Republic]
KINGSTON JOHN, [Korea Republic]
CHOI DOO HO, [Korea Repubilic]

Inventor

JUNG JIN HONG, [Korea Republic]
OZDEMIR ATAMAN, [Turkey]
DAGUANG HU, [China]

EGAN THOMAS F, [United States]
KANG SEONG HEE, [Korea Republic]

W W W W W W W W

2 3 4 5
Patent document numbers

Figure 5. Distribution of patent documents by the principal International Patent Classification (IPC) code

—with 10 deposited patents or more.

B60N2/06
AB1G5/10
B60R3/02
A61G710
AB61G3/04
B60P1/43
B60N2/14
AB61G5/04
B60P1/44
AB61G5/00
B60P3/00
B60N2/24
AG61G3/08
A61G3/02
A61G3/00
AB61G3/06

International Classification Code (IPC)

160

0 20 40 60
Patent document numbers

100 120 140 160

180

www.jbth.com.br



JBTH 2021; (December) Assistive Technology in Vehicles for People Disabilities 163

government and private sector incentives and
investments for technological advances in this
area; especially in Brazil with such an inexpressive
patent actuation,
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