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ABSTRACT 
A dust explosion in food ingredients production process can cause catastrophic loss of life, 
injuries, and destruction of buildings. This research aimed to assess dust explosion risk 
assessment in the storage bin of micro crystalline cellulose by fault tree analysis (FTA). To 
identify dust explosion possible cause by system failure such as machine, equipment, process 
control and administrative control failure. The FTA result showed 29 scenarios hazard 
identified which has impact on occupational health community, Environment, and property. 
The risk assessment process was identified 2 unacceptable risk that come from 2 scenarios 
possible root cause from the ignition source of the hot work performing without the isolation 
or the work performing not follow the hot work permit system. FTA with probability and 
reliability assigned of this event is 0.7657 and reliability is 0.2343. The study result of the dust 
explosion probability of failure on demand reduced from 0.0557 to 0.0236 and reliability 
increase from 0.9443 to 0.9764. The risk reduction credit come from the dust explosion 
hierarchy control measure implemented such as inherent safer process designed, engineering 
and administrative controls. This include isolation vales to prevent fire propagation to next 
process, fire suppression system to prevent fire propagation, bounding/grounding to prevent 
electrostatic discharge, explosion proof electrical area classification compliance, explosion 
venting to release deflagration pressure to safe location. Including employees training, 
housekeeping/dust removing. 
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INTRODUCTION 
In many of dust explosion incident, workers and managers were failed to recognize the serious 
nature of dust explosion hazards. In the past, dust explosion cases have occurred in many places 
worldwide. In Thailand Department of Industrial Works (2013) reported of dust explosions 
incident is relatively low, there are only 5 incidents. The U.S. Chemical Safety and Hazard 
Investigation Board (CSB) identified 281 combustible dust incidents between 1980 and 2005 
that led to the deaths of 119 workers, injured 718, and extensively damaged numerous industrial 
facilities. More recently, additional incidents have occurred. On February 7, 2008, a sugar dust 
explosion and subsequent fire at a sugar refinery in Port Wentworth, Georgia, caused 14 deaths 
and left many other workers seriously injured with severe burns. (CSB, 2009). The explosion 
was fueled by massive accumulations of combustible sugar dust throughout the packaging 
building. United States. Dust explosions had been an issue of concern among U.S. authorities 
since three fatal accidents in 2003, with efforts made to improve safety and reduce the risk of 
reoccurrence. The microcrystalline cellulose (MCC) is a term for refined wood pulp and is a 
valuable additive in pharmaceutical, food, cosmetic and other industries. The MCC product 
exclusivity test data are “A combustible particulate solid that presents a fire or deflagration 
hazard when suspended in air or some other oxidizing medium over a range of concentrations, 
regardless of particle size or shape.” (NFPA 654, 2017; NFPA 652, 2019). Required to address 
dust hazard analysis (DHA). Referring laboratory testing assess explosion characteristics of 
dust clouds (Stonehouse safety, 2018; BRE Group, 2017) all the MCC products are St 1 Class 
dusts, explosion severity measures Kst 68-192 bar/m, dP/dt: rate of pressure 250-709 bar/s, 
Pmax: 20 L Explosion severity 7.3-8.8 bar, minimum explosion concentration (MEC) typical 
55-85 g/cu.m,, minimum ignition temperature (MIT) 400-555° C, minimum ignition energy 
(MIE) 200 to > 500 mJ, temperature Class T3. In addition to the familiar fire triangle of oxygen, 
heat, and fuel (the dust), dispersion of dust particles in sufficient quantity and concentration 
can cause rapid combustion known as a deflagration. If the event is confined by an enclosure 
such as a building, room, vessel, or process equipment, the resulting pressure rise may cause 
an explosion (OSHA 3371, 2009). Hassan et al. (2014) studies these five factors (oxygen, heat, 
fuel, dispersion, and confinement), are known as the “Dust Explosion Pentagon” (Abbasi & 
Abbasi, 2007). Therefore, based on the powder volume in the MCC storage bin MCC of dust 
explosion can be catastrophic and cause employee deaths, injuries, and destruction of entire 
buildings. The researcher is interested in the risk assessment methodology of dust explosions 
by applying Fault Tree Analysis (FTA) to identify factors that may contribute explosion from 
failure control of the dust explosion hierarchy control measure such as inherent safer process 
designed, the engineering control together with the administrative controls failure. Including 
the results obtained from the FTA analysis technique to calculate the probability of occurrence 
and the reliability of the safety integrity level (SIL) in the microcrystalline cellulose storage 
bin. The result of this study will be helpful as a guideline to set preventive measures and reduce 
problems before in accident occurred. 
 
LITERATURE REVIEWS 
Combustible dusts are finely divided combustible particulate solid, including combustible 
fibers/flying, That presents a flash-fire hazard or explosion hazard when suspended in air or 
the process-specific oxidizing medium over a range of concentrations (NFPA 652, 2019). In 
Thailand Department of Industrial Works (2013) has collected information about explosive 
dust were defined as material 420 μm or smaller (those passing through a U.S. No. 40 standard 
sieve) is now considered an appropriate size criterion. Particle surface area-to-volume ratio is 
a key factor in determining the rate of combustion. (NFPA 654, 2017). The “Dust Explosion 
Pentagon” In addition to the familiar fire triangle of oxygen, heat, and fuel (the dust), dispersion 
of dust particles in sufficient quantity and concentration can cause rapid combustion known as 
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a deflagration It consists of five factors: dispersion of fine particles in the mixture, combustible 
powder, oxygen, confinement of the mixture and source of ignition (OSHA, 2013). 
 

 
Figure 1 Dust Explosion Pentagon and Fire Triangle 
Note: Refer to Department of Industrial Works (2010); OSHA 3644-04 (2013) 
 
Domino effect of Dust Explosion: A primary explosion in processing equipment or in an area 
where fugitive dust has accumulated may dislodge more accumulated dust into the air or 
damage a containment system (such as a duct, vessel, or collector). As a result, if ignited, the 
additional dust dispersed into the air may cause one or more secondary explosions. These can 
be far more destructive than a primary explosion due to the increased quantity and 
concentration of dispersed combustible dust. Many deaths in past incidents, as well as other 
damage, have been caused by secondary explosions as show in the figure 2. 
 

 
Figure 2 Domino effect of Dust Explosion 
Note: Refer to Safety Practices guide for dust Explosion. Department of Industrial Works 
(2013) 
 
Very important to known dust characteristics in your process material handling. To assess the 
potential for an explosion and to select the most appropriate basis of safety for any operation, 
the explosion characteristics of the dust(s), handled in the processes, should be determined 
(Hazardex, 2019). The explosion characteristics normally fall within one of two groups, 
“likelihood of an explosion (Ignition Sensitivity)” and “consequences of an explosion 
(Explosion Violence)”. Taken together these two groups define the dust explosion risk of a 
material. Eckhoff, R. K. (2003) Laboratory Testing to Determine “Ignition Sensitivity” 
Combustible dust testing generally refers to laboratory testing of finely divided combustible 
particulate solids that may presents a combustion/ flash-fire hazard or explosion hazard when 
suspended in air-or in another oxidizing medium. These tests are usually performed in 
specialist laboratories and include screening tests for combustibility and explicability, as well 
as tests that quantify dusts by determining ignition sensitivity and explosion severity 
characteristics. Minimum Ignition Energy (MIE), Minimum Ignition Temperature (MIT-
cloud), Dust Layer (MIT-layer), Explosion Severity Test (Kst & Pmax). Minimum Exposable 
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Concentration (MEC) Limiting Oxygen Concentration (LOC) (Stonehouse safety, 2018; BRE 
Group, 2017). 
Hazard Identification and Risk Assessment: Referring to Department of Industrial Works of 
Thailand. Ministerial Regulation on Hazard identification risk assessment and risk 
management, B.E; 2001, 2543. Hazard risk assessment can be performed through several 
techniques, including HAZOP, What-If Analysis, Event Tree Analysis, Checklist, Failure 
Mode and Effects Analysis, and Fault Tree Analysis (FTA). It is a graphic failure analysis tool 
used to deduct causes of undesired results and failures at the system level. It uses Boolean logic 
(i.e., AND gates and OR gates) to analyze the system and find the pathways that lead to the 
cause of failure. The analysis begins with the top event and identifies the causes and the logical 
relationships between the causes and the top event. The causes, called intermediate events, are 
examined simultaneously until the primary causes for every intermediate event have been 
identified. For drawing a fault tree diagram, can use logic gates and symbols along with specific 
Fault Tree Analysis shapes. 
Risk Assessment: The determination of the risk associated with some event, task, or operation, 
followed by a decision regarding the acceptability or tolerability of that risk, may be qualitative, 
or quantitative and requires some type of “risk acceptance” criteria. The risk assessment 
procedures in accordance with Department of Industrial Works of Thailand. Ministerial 
Regulation on Hazard identification risk assessment and risk management, B.E; 2001, 2543. 
There are 3 steps: Step 1 to analyze the underlying causes that are representative of each 
situation. Step 2 estimate the likelihood of the occurrence and severity of the accident caused 
by the primary cause. Step 3 to calculate the risk level of each criterion situation and decide 
the risk level to lead to the determination. Preventive measure by deciding the level of risk is 
the multiplication of the level of likelihood with the severity of the impact on people, 
communities, environment, or property. 
Brown, D. B. (1943) created Fault Tree Analysis with Probability and Reliability Assigned to 
shown top event probability calculation and reliability value as follows example in figure 3. 
 

 
Figure 3 Example Fault Tree Analysis with probability assigned. 
Note: Refer to Brown, D. B. (1943) Fault Tree Analysis. Systems analysis and design for safety 
-Safety systems engineering). 
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RESEARCH METHODOLOGY 
This study referring methodology of hazard Identification and risk Assessment to Department 
of Industrial Works of Thailand. Ministerial Regulation on Hazard identification risk 
assessment and risk management, B.E; 2001, 2543. The dust explosion risk has been defined 
as Storage Bin of MCC that release combustible materials using FTA to assess explosion 
consequences and likelihood, respectively, and application of the hierarchy of controls such as 
inherent, engineering, and procedural safety (Abuswer et al., 2013). Logical analysis uses 
Boolean reductions that have been used to evaluate the effects of common events in fault trees 
where the occurrence of the top event does not depend on timing or sequencing of events 
(Taddao et al., 2022). Once a hazard has been identified, the likelihood and possible severity 
of injury or harm will need to be assessed before determining control measure. High risk will 
need to be addressed more urgently than low risk situations. Hazard identification and risk 
management is process as follows: 
Step 1: Walkthrough survey and the field tour provides an excellent opportunity to identify 
human factors issues, drawing especially on the experience of the operators and mechanics in 
the area collected the machine, equipment, and process control system failure and collected 
data six years since 2017-2022. Area Classification survey follow NFPA 499 (2017) and ATEX 
zone classifications 20, 21, 22 (Powderprocess.net, 2022). 
Step 2: Identified dust hazards: Assessment of the dangers and causes of dust explosion using 
the FTA technique. In table 1, according 
 
Table 1 Symbols Used in FTA Analysis 

 
 
Step 3: Fault Tree Analysis with Probability and Reliability Assigned  
Step 4: Risk assessment: Evaluation Risk to assess the likelihood of occurrence and severity of 
accidents caused by the underlying cause. Calculate the risk level of each criteria situation and 
decide the level of risk to lead to the formulation of preventive measures. By deciding the level 
of risk is the multiplication of the level of likelihood with the severity of the impact on people, 
communities, environment, or Asset/property. Evaluation criteria in table 2, 3 and 4 
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Table 2 Likelihood Occurrence Rating 

 
 
Table 3 Consequence Severity Rating 
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Table 4 Decision Risk Level 

 
Note: Table 1, 2, 3, 4 Refer to Department of Industrial Works of Thailand. Ministerial 
Regulation on Hazard identification risk assessment and risk management, B.E; 2001, 2543. 
 
Step 5: Risk management plan: Identified control measure based on risk assessment and 
prioritization of accident situations. The most critical situation is defined as the situation with 
the very high-risk level of causing an accident, and must be take action to stop the job and take 
corrective preventive action first as follows response required in table 4 
Step 6: Risk reduction credits compared before and after dust explosion hierarchy control 
implemented. Control measures must be periodical reviewed. Monitor for trends and patterns 
which may indicate increasing risk. 
 
RESEARCH RESULTS 
Step 1: Site surveys to inspection hierarchy control to gather information for information with 
the finding record and compared data of system failure six years (2017-2022) 
 

 
Figure 4 facility survey to identified case study dust explosion process. 
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Figure 5 Fire and dust explosion prevention refer NFPA 68. (2018); NFPA 654. (2017). 
 

 
Figure 6 Site survey Storage bin safety device and process control 
 

 
Figure 7 Explosion proof electrical equipment and Instrument Installations follow ATEX zone 
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Figure 8 Site survey Bounding /Grounding Installations. 
 
Table 5 Example Site Survey Compared Data of System Failure Six Years (2017-2022) 

 
 
Step2: Identified dust Hazards: FTA is to effectively identify the cause(s) of system failure and 
mitigate the risks before it occurs the result shown in figure 9, 10, 11 
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Figure 9 FTA diagram cause of ignition success failure (P1) and P2-P12. 
 

 
Figure 10 FTA diagram cause of fire and explosion protection failure (P2) 
 

 
Figure 11 FTA diagram cause of Dispersion of MCC Dust Particles failure (P3) 
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Fault tree analysis consists of “events” and “logic gates,” which connect the events to identify 
the cause of the top undesired event, failure from the Boolean algebra principle, the result was 
identified 29 basic event of system failure. The Top event is represented by T, the intermedia 
event is represented by the letters P1-P16 within the rectangles and the Basic Event are within 
circles represented by represent by the letters A-ZF. Possible root cause of MCC explosion 
occurs from 5 causes combined by using instead of (And gate), which are element one the 
amount of oxygen in the air represented by the letter A, element two is MCC combustible dust 
represented by the letter B , element tree the confinement of dust cloud (in the Storage Bin) is 
represented by the letter C, element four Ignition Source is represented by the letter P1. element 
five Dispersion of Dust Particles (MCC) is represented by the letter P3 and the researcher has 
further analyzed the part of element six Fire Suppression and Explosion venting Failure is Fire 
Suppression and Explosion venting Failure, represented by the letter P2. 
Step 3: Fault Tree Analysis with Probability and Reliability Assigned 
Based on Boolean Relationships Basic, hazard analysis using FTA technique represents the 
opportunity and reliability of protective devices and incidents was identified 29 basic event of 
system failure, and then FTA with Probability and Reliability Assigned to determine of top 
event probability calculation and reliability value as in figure 12, 13, 14, 15, and table 6 
 

 
Figure 12 FTA with Probability and Reliability Assigned for (Top event) MCC Dust 
explosion. 
 

 
Figure 13 FTA with Probability and Reliability Assigned of Ignition Sources 
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Figure 14 FTA with Probability and Reliability Assigned of fire & Explosion prevention. 
 

 
Figure 15 FTA with Probability and Reliability Assigned of Dispersion of MCC Dust Particles 
 
Table 6 Boolean Relationships represents the opportunity and reliability Top event calculated. 
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Step4: Risk Assessment  
According to table 2,3,4 and FTA result in table 6 as prioritization of scenario from opportunity 
and reliability calculated and the priority one, they are the ignition sources was identified work 
performing with hot work (hot sparks) such as welding, cutting, milling, grinding without 
isolation/remove sources of dust deposits. Has a high likelihood of occurrence with a level of 
4, and the impact on the people severity rating is very high (level 4) that affects a work 
performing in the hot working area, health effect will be disability or death. Affecting the 
community at level 1 because it is 238 meters away from neighbors. If there is an incident that 
does not affect the community around the factory or have a bit effect. Environmental impact 
level 2, moderate environmental impact, can be resolved in a short period of time. Impact the 
property at level 3, the property is very damaged and shutdown production in some parts, and 
had to shut down production in some parts. Therefore, the risk level of this scenario is 4 x 4 = 
16 with decision risk level 4 that means unacceptable risk level. The example of risk assessment 
show in table 7. 
 
Table 7 Example of Risk Assessment scenario P6 work performing hot work without Isolation. 

 
 
As the result of risk assessment of 29 scenarios, it was found 2 scenarios that were unacceptable 
risk levels (very high risk as level 4). That the operation must be stopped, and corrective action 
required to reduce the risk level immediately with required appropriate risk management plan. 
The details of the event are as follows. 
1) Hazards from working with Hot Work (hot sparks) such as welding, cutting, milling, 
grinding without isolation before started hot work. Able to ignite and explode away from the 
work area.  
2) Hazards from performance hot work, such as welding, cutting, milling, and grinding work 
that are not followed safety precaution of the Hot Work permit system, do not remove the 
Sources of dust deposits.  
For the high-risk level (level 3), there are 7 scenarios that require the address develop a risk 
reduction and mitigation plan  
1) Caused by lightning strike due to the ground wire or the ground rod was damaged. Do not 
maintained the connection point of the conductor to the ground is rusted or damaged from 
construction excavation work. 
2) Explosion Isolation system lack of maintenance. (With a blocking gap greater than 0.2mm). 
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3) Insufficient fire water supply due to malfunctioning water level control device 
4) Insufficient fire water supply from suction pipe eccentric reducer insufficient designed 
5) The Fire Pump performance test fails as required (the ratio between flow rate and pressure 
is less than 95%). due to impeller equipment damaged by impact or corrosion. 
6) Insufficient PM not covered by the NFPA 25 standard required (NFPA 25, 2020). 
7) Explosion Venting Pressure Relief Failure by improper selection of equipment, the 
equipment has small holes causing dust to accumulate inside of layer panel, causing to 
activating before the set point at 100 mbar. To damage the explosion panel and impact to shut 
down operation 8 hours for replace new set. 
Step 5: Risk management plan: once determine the decision of risk, identified control measure 
based on risk assessment and prioritization of accident situations need to be address. Response 
required for risks identified need to follow table 4 and the prioritization result in the table 8 and 
the summarization of Risk level shown in table 9. 
 
Table 8 Prioritization of 29 scenarios decision risk level 
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Table 8 (Continued) 
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Table 8 (Continued) 
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Table 8 (Continued) 

 
 
Table 9 Risk Level Summarization 

 
 
According to table 8 and 9 The researcher recommendation the control measure of 2 scenarios 
that were unacceptable risk levels (very high risk as level 4) and the high-risk level (level 3), 
there are 7 scenarios that require the address develop a risk reduction and mitigation plan, the 
example shown in table 10. And the MCC manufacturing management team has been 
implemented control measure in place with the management periodical review. 
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Table 10 Example of Risk Management Plan for Unacceptable Risk 

 
 
Step 6: Risk reduction credits compared before and after dust explosion hierarchy control 
implemented. Control measures must be periodical reviewed for 14 scenarios acceptable risk 
level in table 8 and 9. For 14 acceptable scenarios need to monitor for trends and patterns which 
may indicate increasing risk. The consequences of the event are estimated, again if none of the 
safeguards or layers of protection work. Next, the safeguards should be listed in the order that 
they would be expected to come into play during the scenario (including equipment names, 
numbers, interlock category, and other information, as appropriate). The process determined 
should then estimate the risk of the event, based upon the mitigated event frequency (i.e., the 
expected frequency of the consequences of the event, taking into consideration the frequency 
of the initiating event and the probability of failure of the intervening safeguards) and the 
unmitigated consequences. Based upon the risk assessment, the answer should conclude with 
either a statement to the effect that the risk is tolerable with the existing safeguards being 
adequate and no additional recommendations are required or a recommendation to reduce the 
risk to the required level of mitigation. The Auditability: A line of defense should be auditable 
in its ability to mitigate the risk of the hazard scenario. It should also be audited at an 
appropriate frequency. For lines of defense that rely on human action, the involved personnel 
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should be periodically re-trained and tested at an appropriate frequency. The site survey will 
be done, and the Risk reduction credits will be comparing with the existing control measure 
and risk management plan see the table 11. 
 
Table 11 Safeguards or Lines of Defense for Risk reduction credits 

 
 
Example: In evaluating the safeguards for the hazardous event scenario, identifies the following 
items: 
1) Pressure monitoring sensor, in the storage bin triggers a process interlock at 60 mbar action 
of this interlock closes the MCC injection valves, stop the air flow to storage bin  
2) High-high temperature safety interlock conveying. Based on the interlock design basis 
information, it is a SIL-3 interlock Action of this interlock close the control pressure air supply, 
show to conveying from spray dryer and transfer MCC from Storage bin to blending packing 
process, with the interlock close insolation vales and active explosion venting.  
3) Risk reduction credits decision. Process interlock-one credit 
4) SIL-3 safety interlock-tree credit 
And the result of repeat of risk assessment with the probability and reliability calculated shown 
in table 12. 
 
 
 
 
 



[20] 

Table 12 Risk reduction credits 29 scenarios, probability, and reliability before and after 
improved. 
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Table 12 (Continued) 
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Table 12 (Continued) 

 
 
DISCUSSION & CONCLUSION 
After the MCC manufacturing implemented of the risk reduction and control measure plan and 
reviewed the risk assessment result after improvement the control measure during June 2022-
March 2023. There is always a tracking and inspection system for availability with site tour, 
audit and monitor for trends and patterns which may indicate increasing risk. The audit result 
was found that it meets the conditions of the safeguards or lines of defense for risk reduction 
credits see example in table 11 and layer of protection analysis (LOPA) of manufacturing 
microcrystalline cellulose are compliance with the control measure the result of risk reduction 
credit come from the dust explosion hierarchy control measure implemented as inherent safety 
principles (Abuswer et al., 2013) process designed layer of protection SIL 3 process safety 
control, this include the engineering, and administrative controls such as isolation vales to 
prevent fire propagation to next process, fire suppression system to prevent fire propagation, 
bounding/grounding to prevent electrostatic discharge, explosion proof electrical area 
classification compliance, explosion venting to release deflagration pressure to safe location. 
Including housekeeping/ dust removing, dust explosion foundation employees training and hot 
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work permit to work system control measure. The result of after repeat risk assessment in the 
table 12 and compared probability, reliability credits 29 scenarios before and after improved 
risk management plan shown in figure 16 and 17 the top event of the dust explosion at dust 
explosion in storage bin of microcrystalline cellulose is represented by T, where T=ABCP1P2 
P3 (which are element one the amount of oxygen in the air represented by the letter A, element 
two is MCC combustible dust represented by the letter B, element tree the confinement of dust 
cloud (in the Storage Bin) is represented by the letter C, element four ignition source is 
represented by the letter P1. element five dispersion of dust particles (MCC) is represented by 
the letter P3, and the researcher has further analyzed the part of element six fire suppression 
and explosion venting failure is fire suppression and explosion venting failure, represented by 
the letter P2. The probability P (T) is decrease from 0.0557 to 0.0236 and reliability increase 
from 0.9443 to 0.9764. The element ignition source (P1) there is a probability of occurrence 
decrease from 0.7657 to 0.4896. And reliability increase from 0.2343 0.5104. The element of 
fire suppression and explosion venting failure (P2) probability of occurrence decrease from 
0.6370 to 0.4224 and Reliability increase from 0.3630 to 0.5776, The element of dispersion of 
MCC dust (dispersion of dust particles: P3) a probability of occurrence is slightly same before 
and after 0.1143 and Reliability 0.8857 and the result of risk level was reduction shown in the 
figure 18. 
 

 
Figure 16 Probability of occurrence to compare before and after improved 
 

 
Figure 17 Reliability to compare before and after improved. 
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Figure 18 Risk level reduction to compare before and after improved. 
 
The obvious advantage of Fault Tree Analysis (FTA) hazard identification is to find the 
frequency of more than one hazard or cause incident at the same time. That limitations in the 
HAZOP and What If hazard identification methods. FTA risk assessment results can be 
integrated with existing Process Hazard Analysis (PHA) risk assessments to increase hazard 
identification efficiency. And determine an appropriate risk management plan for the 
organization. The QRMF developed by Abuswer et al. (2013) can help prevent and mitigate 
dust and hybrid mixture explosions in the process industries and provide an optimal level of 
safety and risk management. The lesson learns for this studied the researcher has suggestions 
as below.  
1) Hot work performing (hot sparks) such as welding, cutting, milling, grinding even though 
there is supervision to follow the system for permission to work with spark heat but the quality 
of the inspection should be increased as before the work is allowed to conduct a comprehensive 
job safety analysis before starting work. Including increasing the frequency of inspections. 
System for monitoring and evaluating the compliance with the work permit application system 
of those involved. 
2) To review critical equipment list with a labeling and tag number. Need to be install into the 
maintenance preventive maintenance tracking system, review critical equipment especially the 
entry in fire and dust explosion prevention system and critical process control system related 
to interlocked machine shutdown to be covered by the interlocked list with the functional 
verification periodically.  
3) To review the spare part list of critical equipment to determine the appropriate budget for 
purchasing critical equipment to have a spare part ready to be replaced.  
4) Need to verify a system to ensure that electrical equipment and instrument measuring 
equipment are installed comprehensively and comply with the hazard area classification. 
5) The organization has designed and approved the installation of an additional fire pumps, 
with total of two fire pumps run one stand by one, there must be a system for monitoring and 
evaluating the implementation of the preventive maintenance plan, of the service provider to 
comply with NFPA 25 (NFPA 25, 2020) to ensure that fire pumps are always available for use 
and reliability compliance as required 
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