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The objects of this research are occupational risks and priority preventive measures in the zone of the rotary kiln used in cement
production. The identification of these objects is essential for housing development and infrastructure, but cement production is involv-
ing serious professional risks. Consequently, an evaluation of these is necessary; it is a critical stage in prevention process, aiming to
prioritize actions in order to implement preventive measures. Therefore, an evaluation was triggered following a noticeable increase of
five (05) accidents compared with 2021, with 16 accidents in 2022, to which workers in the rotary kiln zone were exposed. The adopted
methodology, namely risk mapping, constitutes a strategic management tool that enables the identification, assessment, prioritization, and
visualization of potential threats affecting the study area. Widely applied in industrial contexts, it offers a comprehensive representation
and a systematic inventory of existing and potential hazards in both temporal and spatial dimensions. This facilitates risk management in
a more informed and effective way. Furthermore, this offers decision-makers a clear overview to develop proactive action plans and allows
them to monitor the effectiveness of implemented strategies. To obtain good results, qualitative and quantitative methods were applied,
including the Ishikawa diagram, FMEA, and root cause analysis. These tools enabled the identification of the root causes of accidents
in the studied zone. The survey results prove that gas leaks constitute the most critical hazards because of their potential to initiate fires.
The findings offer a clear and comprehensive overview of occupational hazard distribution in the study zone, supporting the develop-
ment of a planned prevention strategy to safeguard workers” health, enhance operational safety, and foster a sustainable safety culture.
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1. Introduction

The assessment of occupational risks (EVRP) is a crucial step in the
prevention process. It is the starting point to ensure the sustainability
of any company, and even to avoid any kind of physical, material, or
environmental damage [1]. Generally, the existence of uncontrolled
hazards generates occupational risks causing accidents, illnesses and,
in some situations, can lead to disasters (material, bodily and environ-
mental damage). Thus, ensuring the safety and health of employees
and developing a safety culture is a priority for any enterprise [2]. The
health of the enterprise is the health within the enterprise. Therefore,
occupational health and safety (OHS) has become a public health prior-
ity and a major concern in human resource management, particularly
in high-risk sectors [3, 4]. Additionally, employers should ensure that
prevention is an integral part of all activities. Unfortunately, with the
permanent intervention of man, the lack of training and information,
and the negligence of certain, the risk is constantly present [5, 6]. It is
important to remember that these shortcomings create risks. These
risks are events that prevent a company from achieving its strategic
objectives [7, 8]. Therefore, the essence of the occupational hazard
identification process lies in the detailed characterization of factors

that influence the consequences and likelihood of an event occurring.
The more precisely it is possible to define and examine the existing
hazards, the more accurately it is possible to assess the associated risk.
In every activity, decision-makers strive to avoid the consequences of
identified risks or reduce the likelihood of their occurrence. Dues, the
more precisely it is possible to define and examine existing hazards, the
more accurately it is possible to assess the associated risk. In any activity,
decision-makers strive to avoid the consequences of identified risks or
to reduce the likelihood of their occurrence. Consequently, occupa-
tional risk assessment is a crucial step in any prevention approach [9, 10].
Implementing a prevention approach will help to improve the com-
pany’s step-by-step human and economic performance, objective of this
work. To this end, occupational risk assessment (ORA) is the starting
point for guaranteeing the sustainability of any business, and above all
for avoiding any physical, material or environmental damage type [11].
Itis an essential element in the development of a company’s risk preven-
tion and management policy [1, 12]. Henceforth, establishing a safety
culture in enterprise plays a key role to health for employees [13, 14].

As a case study, the Himma Bouziane Cement Plant, located in
Constantine, Algeria, was selected due to its significance across multiple
economic sectors. Cement plays an essential role in the development
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of housing and infrastructure; however, its production poses serious
health, social, and environmental risks [15, 16]. Due to the nature of
its production processes, this industry is considered among the most
hazardous industries [17]. Therefore, to ensure safety in cement manu-
facturing, management is required to proactively identify and control
common operational risks [18] and workers should prioritize practical
risk assessment to reduce incidents [17].

Workforce diversity across (gender, age, tenure, and background) in-
creases risky behaviors and complicates the enforcement of occupational
health and safety rules [19, 20]. This diversity elevates process risks and
weakens compliance with safety protocols in critical situations [21, 22].

In the cement manufacturing process, workers are exposed to nu-
merous life-threatening risks, including heat-related occupational haz-
ards. The use of rotary kilns in this process exposes workers to numer-
ous risks, particularly occupational hazards. Ultimately, everything rests
on the principle that every worker has the right to safe working condi-
tions, free from risks to its health, safety and physical and moral integ-
rity [23]. In this context, a thorough analysis of occupational accidents
in the rotary kiln area of the Himma Bouziane Cement Plant (SCHB)
was conducted, based on accident records for the consecutive years
2021 and 2022. Despite the recognized importance of occupational
health and safety (OHS) in this sector, existing studies rarely focus on
the rotary kiln area in Algerian cement plants. Furthermore, few stud-
ies provide a systematic prioritization of critical hazards or propose
preventive measures based on rigorous root cause and failure analyses.
This represents a scientific gap that this study seeks to address. Recent
accident statistics highlight a practical necessity for this research.

At the Hamma Bouziane cement plant (Algeria), the number of ac-
cidents in the rotary kiln area increased from eleven in 2021 to sixteen
in 2022, underscoring the urgent need for effective risk management
strategies. Applying the results of this research can help reduce work-
place accidents, improving safety management, minimizing production
losses, and promoting a sustainable safety culture.

This research aims to identify critical occupational risks in the ro-
tary kiln production area of the Hamma Bouziane cement plant (Al-
geria) and to determine priority preventive measures. This will make
it possible to enhance safety levels and risk prevention management,
thereby provides a safe and healthy work environment. It also pro-
vides decision-makers with an overview to monitor the effectiveness
of implemented strategies and offers an opportunity to implement pre-
ventive measures aimed at preserving health, improving worker safety,
and fostering a culture of safety. Thus, ensuring a safe and healthy work
environment.

To achieve the set aim, the following tasks must be completed:

1. To conduct a quantitative analysis of workplace accidents.

2. To determine the root causes of accidents in the rotary cement
kiln area.

3. To determine preventive measures for the rotary cement kiln area.

2. Materials and Methods

In this research, the rotary kiln at the Himma Bouziane Cement
Plant (SCHB) was selected because it represents a critical point in the
production process in terms of occupational hazards. Examining this
area allows for the prioritization of safety measures and the effective
protection of workers.

The rotary kiln is one of the most critical and high-risk areas of
cement production. The process involves extremely very high tempera-
tures, complex chemical reaction and the operation of large rotating
machinery. The cement production unit, including the rotary kiln,
was built and completed by the French company Creusot-Loire Enter-
prise (country of origin: France). The rotary kiln is composed of the
main components shown in Fig. 1.

Table 1 shows the characteristics of the rotary kiln.

4
1
3
5
: bl ‘, “ 6
Hot gas circuit === Material circuit
2
8 7
Fig. 1. Components the rotary kiln:
1 — ferrule; 2 - ring tyre; 3 — roller; 4 — multi-cyclone preheater;
5 - inclined cylinder; 6 — gas pipe; 7 — motor; 8 — cooler
Table 1
Characteristics of the rotary kiln
Cylinder length: Diameter: | Permanent rotation of the cylinder:
70 to 120 m 5m 2to 3 rpm
Works: Capacity: Maximum temperature reached:
24h/24 et 7d/7 3000 T/h approximately 1500

These characteristics illustrate the large scale and continuous op-
eration of the rotary kiln used in cement production. The inside of
a rotary kiln is lined with refractory bricks to protect the shell from
extreme temperatures. A burner heats the material, and the resulting
hot gases circulate counter-current to the material’s flow, which helps
increase heat transfer efficiency.

During the field visit to the rotary kiln, the following was obtained
the accident statistics for 2021 and 2022 were obtained from the official
records of the Hamma Bouziane Cement Plant. These records provide
a reliable and accurate source of information on occupational injuries
and lost-time incidents. These statistics were used in the quantitative
analysis of accidents to identify, assess, and map risks to facilitate their
management.

Following the quantitative analysis, the research proceeded to quali-
tative analysis to obtain more reliable results, as follows:

1. The potential causes of burns was determined by Ishikawa
diagram or the cause/effect. Applying the Ishikawa diagram among
the most effective tools to seek the causes of a problem. It provides the
visual representation of all the possible causes of a problem to analyze
and find out the root cause. Inspections and interviews with opera-
tors have made it possible to identify the potential causes of burns in
the rotary kiln.

2. Failure modes, effects, and criticality analysis (FMECA) was
applied to identify hazardous phenomena affecting the rotary kiln and
to determine the most critical components at risk. Based on the criti-
cality assessment (C), three indicators were used: frequency of occur-
rence (F), severity of failure (G), and probability of non-detection (N),
all obtained from the official factory accident records.

3. The potential causes of fire in the gas pipelines supplying
the rotary kiln were identified using fault tree analysis (FTA). FTA
is a deductive and systematic risk analysis method that begins with
a predefined undesired event, in this case fire ignition, and traces back-
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ward to identify all possible technical, human, 7
and organizational causes that may lead to its 6
occurrence. The analysis involved identifying 5 N A
primary and secondary failure events related \
to gas leakage, equipment malfunction, op- 4
erational errors, and inadequate safety barriers. 3 / \ \
Logical relationships between these events
were established using AND/OR gates to con- 21 —e—2021
struct the fault tree. This approach enabled 1 —-2022
a structured evaluation of the contribution of 04
each basic event to the top event, facilitating B T T
the identification of critical failure paths and & c’}é\ %Qe*‘ & S & & '&.,f & &
the prioritization of preventive and corrective éfé N e&’“ é@‘& Qs& B\@% *@A 0&& <
measures to reduce the likelihood of fire inci- @ei-» ‘b\\‘~‘° 4 &é‘% _&afq’ &/é @@‘\ @“e
dents in the rotary kiln gas supply system. < ¢ <7 .wp‘ \Q,,x\“‘ &
During work, any employee may be the & 9

victim of industrial accident or occupational
injury (professional risks) resulting:

- temporary incapacity for work (TTW);

- permanent partial disability (PPD);

- death putting an end to its activity.

Based on workplace accident statistics for 2021 and 2022, the fol-
lowing results were observed.

3. Results and Discussions

3.1. Quantitative analysis of workplace accidents
3.1.1. Distribution of work accidents with lost time of the 2 years
Fig. 2, a, b illustrate the number of work-related incidents resulting

Fig. 3. Analysis of accidents by material element

3.1.3. Distribution of accidents according to the seat of lesions

As illustrated in Fig. 4, in 2022, the majority of work-related injuries
were concentrated on the feet, with 08 accidents. In 2021, the injuries
were mainly concentrated in the knees, accounting for 4 accidents.
Additionally, there were two injuries affecting the eyes, arms, and face.
Additionally, there were two injuries affecting the eyes, arms, and face.
Most of these incidents are due to non-compliance with the use of
personal protective equipment (PPE), including failure to use gloves,
and protective masks. These findings underscore the urgent need to
implement preventive measures to protect and preserve human capital.

in lost time for the years 2021 and 2022. 10
In 2021, 11 accidents were recorded, whereas in 2022, the number 8 £
increased to approximately 16 accidents, representing an increase of 6 /\
five (05) accidents compared to the year 2021. This is due to the low 4l a / \ 2022
effectiveness of safety barriers and the negligence of some workers. 2021
Notably, in 2021, no accidents were recorded during the first 2
three months, with all incidents occurring sequentially between April 0 4. Y, e
and Noyember. In contrast, in 202;, aFcid.ents wefe distribut-ed more Pj— & &y& Q;zf? \)6? ?‘&" Ql\ii‘% & Q»‘e @{‘;"
sporadically throughout the year, indicating persistent but irregular S
safety challenges. Fig. 4. Analysis of accidents by seat of lesions
" 23 a6 3.1.4. Distribution of accidents accord-
E 2 E 3 ing to the nature of lesions
g 15 - g 4 As shown in Fig. 5, the physical conse-
B, B3 quences of work-related accidents in 2022
E ERE included 5 cases of burns and 3 cases of frac-
7 0.5 - & 1 tures, with the remaining injuries accounting
O e 2 e s sy h R o T for lower percentages. In 2021, the physical
E g é 23 g = 5 E E % '% SfE&2 ERE E“ ,% 2 % %’ consequences consisted of 3 cases of trauma
£ g < £38¢ 8 gz 2 “ 55358 and dysphasia (T.S.L.O). These trends suggest
- § Z 2 T E 2 A that workplace safety efforts should now focus
Months Months on preventing burns, multiple injuries, and
a b heat-related incidents by providing personal

Fig. 2. Number of lost-time accidents: 2 — Year 2021; b — Year 2022

3.1.2. Distribution of accidents according to the material ele-
ments

Fig. 3 shows that 16 accidents occurred in 2022, with an estimated
increase of 5 accidents compared to the year 2021. In 2022, a large
number of accidents resulting from hot materials, totaling 6 accidents
over two consecutive months (February and March). In addition to
4 accidents of falling on one level (slips, trips, missteps, loss of bal-
ance...). In contrast, in 2021, the majority of accidents were associated
with working positions, highlighting differences in the sources of oc-
cupational hazards between the two years.

protective equipment, appropriate training,
and conducting periodic risk assessments.

3.1.5. Frequency rate and severity rate during the months of
the 2 years

Over the two years, these two indicators (the accident fre-
quency rate and the accident severity rate) provide an indication
of the effectiveness of the implemented safety measures. Thus, their
values are high; more accidents occur and have consequences in
terms of work stoppages [24]. As such, it is interesting to locate the
frequency rate and severity rate under the principle of "Continuous
improvement”.

e
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Fig. 5. Analysis of accidents by nature of lesions

3.1.5.1. Accident frequency rate (TF)
Fig. 6 illustrated the accident frequency rate (TF) which is calcu-
lated by formula

TF = (Number of work accidents with lost time/Number of hours
worked) x 10°,

In 2021, the highest accident frequency rate was recorded in Sep-
tember, reaching 30.77, while in the other months the frequency rate
varies from 14 and 29. In 2022, a significant increase in the frequency
rate was observed in March (77) and October (46.42); during the re-
maining months, the frequency rate varied from 15 and 45.

This variation in accident frequency rates over the two years (2021
and 2022) indicates a shortfall in the company’s occupational safety and
health management system.

——o—Frequency rate 2021  —#—Frequency rate 2022

100
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Fig. 6. Accident frequency rate (TF)

3.1.5.2. Accidenti rate (TG)
Fig. 7 illustrated the accident severity rate (TG) which is calculated
by formula

TG = (Number of days lost/Number of hours worked) x 10°.

=&—Severity rate 2021  —l=Severity rate 2022

150

100

50

Fig. 7. Accident severity rate (TG)

It can be noticed the severity rate is sta-
tionary in 2021. While it was found in 2022,
a very large increase in the severity rate on
March (96.16), and for the other months the
risk rate ranges from 0.73 to 2.95. This really
requires attention to the consequences in terms
of human loss, or even of work stoppages, for
this reason, the company must work to improve
safety and health at work within the company.

=4=2021
==-2022

3.1.6. Distribution of the number of days
lost of the 2 years

Fig. 8 a, b represent the number of days
lostin 2021 and 2022.
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Fig. 8. Distribution of the number
of days lost of the 2 years: 2 — Year 2021; b — Year 2022

This period was characterized by the spread of Covid-19,
which led to a significant increase in the number of lost days. In
2021, the highest number of lost days was recorded in September,
with 41 days lost due to two (02) lost-time work accidents. In
contrast, in 2022, the peak occurred in March, with 6175 days
lost due to the recording of five (05) work accidents with lost time.

3.1.7. Synthesis of accidents at work

According to Fig. 9, a the highest values of severity rate,
frequency rate, number of lost workdays, and number of oc-
cupational accidents were recorded in September, Novem-
ber, and July. Due to falls, resulting in one (01) sprain and
one (01) trauma to the knees and arms in September and July.
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In addition, one (01) case of dysphasia and one (01) hand injury were
reported in November, as well as two (02) knee fractures in September.

According to Fig. 9, b the month of March is the month with the
highest share of severity rate, frequency, number of days lost and num-
ber of lost time accidents. These incidents were primarily, caused by the
handling of hot materials, resulting in two (02) feet burns and one (01)
fractured foot. In addition, two (02) cases of depression, this affected
the eyes and the face.

=@=Criticality ={ll=Nbre of days lost ==fle=Nbre of accidents
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Fatigue or distraction

during kiln maintenance insulated
Rushing during

kiln inspection Hot materials Old facility

Lack of knowledge on
safety procedures

Leakages from Kiln seals or
inspection doors

Standing too close to
the kiln opening

Hot gases

Damaged pipelines
Inadequate training on

safety procedures Failure to wear personal

protective equipment (PPE)

Kiln shell is poorly

Hot surfaces

Burner malfunction

Lack of automatic machines to pack the
cement mixture to throw it into the kiln

Direct contact with oven wall

Through quantitative analysis based on a risk mapping approach, it
was found that accidents involving hot substances or materials, leading to
burns, accounted for a high percentage of incidents, particularly in 2022.
In addition, burns to the eyes, arms and face were recorded. Based on these
findings, the rotary kiln in the HAMMA BOUZIANE cement plant is
considered the most hazardous area due to its extremely high temperature.

3.2. Determination of the main causes of workplace accidents in
the rotary cement kiln area

3.2.1. Analysis of workplace accident causes using the Ishikawa
diagram

The Ishikawa diagram is a modern quality management tool that
explains the cause and effect relationship for any quality issue that has
arisen or that may arise [25]. The diagram Fig. 10 includes possible
causes according to the rule of "5M":

- Manpower, the most common causes are: failure to wear personal

protective equipment (PPE) such as heat-resistant gloves, face shields,

or flame-retardant clothing, lack of worker training. In addition, stress,

fatigue, distraction or rushing during kiln inspection or maintenance.

- Machines, the most common causes are: the proximity from

a heat source (oven wall), malfunctioning burners causing flame

impingement outside the intended zone and leakage of hot gases

or materials from kiln seals or inspection doors. In addition, poorly

insulated kiln shell allowing radiant heat exposure.

- Methods, the most common causes are: Improper handling of

hot materials and poor enforcement of safety rules. In addition,

maintenance interventions in confined/enclosed spaces.

- Materials, the most common cause is: Hot clinker spillage dur-

ing transfer and use of volatile or contaminated fuel causing unstable

combustion and flame escape. In addition, poor quality of personal

protective equipment (EPI).

- Medium, the most common cause is: poor ventilation in kiln

area leading to heat buildup with the high ambient heat. In addition,

power failure.

Poor communication among workers
during clinker discharge

Opening kiln ports before cooling

Improper handling of hot materials

Ignore safety signs
Poor enforcement of safety rules

Maintenance interventions in
confined/enclosed spaces

Burns in

Use of volatile or contaminated fuel
causing combustion

Spill f hot clink
Spillage of hot dust during pillage of hot clinfer

transfer

Improper cooling of hot
refractory bricks during
maintenance
Use of volatile or contaminated fuel
causing combustion

Poor ventilation in Kiln area

Limited visibility due to dust and smoke

the rotary
kiln

High air temperatures

Unexpected power failures

Inhaling cement dust

Fig. 10. Possible causes of burns in the rotary kiln to the rule of SM: Manpower, Machines, Methods, Materials, Medium

G
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The accidental release of hot materials is one of the most widely ex-
perienced and potentially fatal problems; it often results in catastrophic
consequences for health, safety, and the environment. In addition, gas
leaks: is a gas leak due to damaged pipelines, faulty gas appliances, or
improperly sealed fittings.

3.2.2. Application of the failure mode effects and criticality
analysis (FMECA) on the rotary kiln

In order to ensure effective quality management and functional
safety, with the aim of implementing preventive measures and identify-
ing potential defects or failures before their occurrence or manifesta-
tion, a failure modes, effects, and criticality analysis (FMECA) was
conducted (Table 2).

This method is based on the analysis of three key concepts: failure
mode, failure effect, and failure criticality. Each of these notions plays
a crucial role in understanding and preventing potential risks [26].
Criticality helps to prioritize risks and guide the implementation of
appropriate corrective actions. The criticality of a risk is determined
based on the value c, as shown in Table 3.

In Table 2, colors are highly important in failure modes, effects,
and criticality analysis (FMECA) for rapid risk assessment. A gradient
from green to dark red - for example, green (low), yellow (below aver-
age), orange (average), and dark red (major) — enables users to quickly
prioritize attention and implement corrective actions.

Table 2

Criticality score

5<C<10

Below average

10<C<15

Average

The analysis of the failure mode, effects and criticality analy-
sis (FMECA) results applied to rotary kiln allowed to identify the fol-
lowing dangerous phenomena:

- gas leak results in fire, explosion inside the kiln, death and suf-

focation;

- collapse of refractory bricks resulting in burns, fractures of vary-

ing severity and exposure to trauma (which can lead to specific oral

language disorder (TSLO));

- high temperature in the ferrule results to burns.

The failure mode, effects, and criticality analysis (FMECA) al-
lowed to identify the criticality of the various elements likely to experi-
ence failures (Fig. 11).

The classification histogram (Fig. 12) shows that the most critical
components are piping system connected to the burner (gas pipes).

Table 3
Application of the FMECA approach on the rotary kiln
Flements | Failure Mode Causes Consequences F G | N C Preventive action
- Oven bending; — Falling cracked bricks;
- Non uniform temperature; — Problems of rotation;
— Falling bricks; — Damage of the bricks and the
- Crusting; ferrule;
— Deformation; | — Appearance of the hot spot; - Overload on the rollers; - Regular monitoring of the
Ferrule |- Ovalization; | - Fall of refractory bricks and - Collapse and reduction in the | 1 5 | 3 [ 15 |ferrule temperature;
- Cracking crusting; lifespan of bricks; — Changing the ferrule
- Oven axis misalignment; — Risk of rupture and erosion;
- High temperature; - Leakage of material at very
— Corrosion; high temperature;
- Poor welding quality - System shutdown
- Appearance of hot spots; — Inspection of bricks dur-
_ Falling bricks: ? ing kiln shutdown;
- Opvalization; 8 ’ - Regular monitoring of the
. — Wear and fall . - System shutdown;
Bricks - — Deformation of the ferrule; . 1 5 3 | 15 |[ferrule temperature;
of bricks - Exposed to combustion; K )
— Thermal shock L — Installation of high-
- Exposed by injuries and liey brick A
fractires quality bricks according to
standards
;Ltov; rorque — Internal defects; - Decrease in production;
Motor | — i(?w’ oven — Excessive load; - Risk of clogging; 2 2 1 Detect by operator

. - Bad nutrition
rotation speed

- System shutdown

- Flame extin- | Accumulation of CHy gas due to

- Insufficient gas circulation;

- Regularly check the flame

condition;

fuel

Torch |8Uhing: | lack ofsynchronization between | 1y explosions 13| 2| 6 |- Installasion of ame
_ Blockin ’ the tgorch PPl 8 Y| - System shutdown Sensors;
8 — Changement
— Old installation; : llle?c) %OSIOH;
- Gas leak; — Poor lubrication; _s ff, tion: — Installation of gas sensors;
. - Pipeline — Breakage of the gas injector; . 9C1a on lete d - Changing the joints;
Gas pipes ruptures; - Regulation fault; ~ Pardal or complee damage to | 3 3 3 — Tighten fittings;
. a0 . nearby structures; 8 8%
— Corrosion — Use of volatile or contaminated — Leak detector

- Cessation of operations;
— Injuries/Death

Notes: green (low), yellow (below average), orange (average), red (major)
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30 4 27

Gas pipes Bricks Torch Ferrule Motor

Fig. 11. The criticality levels of the rotary kiln components:
27 — major, 15 — average, 6 — below average and 4 — low

Fig. 12. Piping system (Gas pipes) [27]

3.2.3. Application of the fault tree analysis (FTA)

Applying of the fault tree analysis (Fig. 13), enables the visualiza-
tion and analyze all the logical combinations of events that lead to
asystem failure (undesirable event), working backward from effects to
causes (deductive approach).

a

Combustion gas leak

Source of ignition

b

Heated High gas Gas detector is Pipe rupture
surface || pressure not functioning
Q- '
Unstable || Detector failed Not Doesn’t || Poor || Erosion
power to detect functioning exist qualité

-

Not functioning| | Doesn’t exist |

Fig. 13. Application of the fault tree analysis (FTA)

Using this deductive approach, potential root causes of a fire in the
rotary kiln gas line can be identified, enabling the definition of effective
preventive measures.

3.3. Proposed preventive measures for the rotary cement kiln area
To reduce workplace accidents and enhance safety in the rotary
cement kiln area, the following preventive measures are reccommended:
— install fire alarms, gas detectors and gas leak alarm systems;
- sanctions should be applied to any worker who ignores danger signs
or fails to follow appropriate safety measures within the furnace area;
- organize training sessions and awareness campaigns on accident
prevention and intervention methods (for example, the risks of ex-
plosions and burns). Continuing education in occupational health
and safety (OHS) is now strongly recommended;
- improve supervision and monitoring to ensure compliance with
safety procedures and the correct use of PPE.

Consequently, risk assessment and risk mapping within a com-
pany are of paramount importance. This allows for the identification
of critical occupational risks in terms of time and location, as well as the
determination of priority preventive measures. It also helps promote
a culture of health and safety in the workplace.

3.4. Limitations of research and prospects for its further de-
velopment

Despite the relevance of the results obtained, this research presents
certain limitations. The analysis is primarily based on historical occu-
pational accident data from 2021 and 2022, which may not fully reflect
future operating conditions or rare accident scenarios. In addition, the
application of methods such as risk mapping, Ishikawa, FMECA, and
fault tree analysis (FTA) depends on the availability and accuracy of
data, and any missing or incomplete information may affect the reliabil-
ity of the results. Furthermore, FTA does not account for the dynamic
evolution of operating conditions or the real-time influence of human
and organizational factors, which may impact accident occurrence.

Future research could address these limitations by integrating real-
time monitoring systems and dynamic risk assessment tools to better
capture changes in operating conditions. The incorporation of proba-
bilistic and simulation-based approaches would allow a more accurate
estimation of failure scenarios. Moreover, further studies should place
greater emphasis on human and organizational factors, including opera-
tor behavior, training, and safety culture, to enhance accident preven-
tion. Expanding the analysis to longer time periods and different indus-
trial contexts would also improve the generalizability of the findings.

4. Conclusions

The research results highlighted the identification of critical occu-
pational hazards and the determination of priority preventive measures
in the area of the cement production rotary kiln, as follows:

1. The quantitative analysis of workplace accidents was carried
out as follows:

- risk mapping was created using occupational accident statistics

from 2021 and 2022;

- analysis showed that accidents involving hot substances ac-

counted for a significant proportion of incidents, particularly in

2022 (16 accidents);

- most of the incidents resulted in burns to the eyes, arms and face,

highlighting the high-risk areas of the rotary kiln system;

- the results indicate that current measures are insufficient, as

staff often lack the training, information, and guidance necessary to

manage risks effectively.

2. Determining the root causes of accidents in the area of the
rotary cement production kiln, namely:

- using the Ishikawa diagram, the root causes of burn hazards in

the rotary kiln was identified, primarily related to hot materials and

gas leaks;

- failure mode, effects and criticality analysis (FMEA) identified the

piping system as the most critical component, with a criticality level

of 27 (major), indicating absolute priority for preventive measures;

— fault tree analysis (FTA) enabled the identification of the main

events likely to cause a fire in the rotary kiln gas line. The analysis sys-

tematically revealed the potential root causes, including equipment
malfunctions, operational errors, and deficiencies in safety con-
trols, allowing for the prioritization of effective preventive measures;

— the research revealed that staff often lack training and supervi-

sion, which leads to poor involvement in the use of personal pro-

tective equipment (PPE) within the organization, a lack of experi-
ence and non-compliance with preventive measures. Implementing

a health and safety culture in a company is challenging and requires

the involvement of all staff, guided by the principle "Prevention is
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everyones business’. Except, to preserve the health and improve the

safety of employees, any company should engage in a process of

continuous improvement [28].

3. The determination of priority preventive measures in the area
of the rotary cement production kiln, namely:

- implement safety systems and enforce strict compliance with

procedures;

- provide continuous training and awareness on accident preven-

tion and OHS;

- conduct risk assessments and mapping to identify critical hazards;

— foster a safety culture and commit to continuous improvement.

Finally, every company should commit to a continuous improve-
ment approach to protect the health and enhance the safety of its em-
ployees, and even foster a sustainable approach to continuous improve-
ment in occupational health and safety.
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