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ABSTRACT 
Failure modes and effects analysis (FMEA) is a 

procedure in product development, system 

engineering and operation management for analysis 

of potential failure modes within a system for 

classification by the severity and likelihood of the 

failures. FMEA technique is used to prioritize the 

most important failures in refineries. „Packing liquid 

distributors‟ is found to be the most important 

incident with the highest rate of Risk Priority 

Number (RPN). Revised FMEA which is carried out 

after doing necessary preventive and corrective 

actions, shows a reduction of RPN  rate, which 

makes this malfunction less important than the other 

malfunction, „Misleading measurements‟. 

          

INTRODUCTION 
Failure Mode and Effect Analysis (FMEA) is the 

process of detecting probable failures during the 

operation of a machine, earlier stages of designing 

equipment or implementing an integrated system or 

process by means of reducing the hazard and risk of 

failures by taking proper action before spreading 

failure throughout the system. Failure modes and 

effects analysis (FMEA) is a procedure in product 

development, system engineering and operation 

management for analysis of potential failure modes 

within a system for classification by the severity and 

likelihood of the failures. The essence of FMEA 

technique is to recognize potential failures in system 

and assessing the severity, ouccrance and the ability 

of detection of that failure in the system, which leads 

us to classification and prioritizing the preventive 

and corrective actions that must be done about the 

most hazardous and probable failures. FMEA 

technique applications can be categorized as below:  

      1. Implementation of a system  

      2. Earlier stages of designing 

      3. Machine operations 

      4. Integrated Processes 

FMEA process consists of the flowing items: 

1. FMEA perquisites: which consists of all 

information that describes subassembly systems 

need to be analyzed, engineering characteristics, 

equipment types, quantities, interface information 

and functional description [1]. Information such as 

“failure data distributions” and “reliability data 

distributions” about each component of the case can 

be extremely helpful [2]. 

2. Providing Functional Block Diagram: it is 

used to show how different components of a system 

interact with each other, resulting different paths of 

a system. A list of all functions of the equipment is 

prepared before examining the potential failure 

modes of each of those functions. Operating 

conditions (such as; temperature, loads and 

pressure), and environmental conditions may be 

included in the components list [3]. 

Refinery Block Diagram is taken into account for 

refinery industries instead of functional block 

diagram [4]. 

   3. Analyzing failure modes: 

A: determining potential failure mode: engineering 

groups must use brainstorm technique, trying to 

answer this question, how can it (our system 

/machine /design /process) fail? 

B: estimating and determining the effect of that 

failure. 

4. Assigning the Severity, Occurrences and 

detection ranking: 

A: Severity: or significance is the importance of the 

effect of the failure on the system. 
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B: Occurrences: frequency with which a given cause 

occurs and creates failure modes. 

C: Detection: the ability of the current control system 

to prevent or detect a given failure cause. 

Note that procedures for conducting FMECA 

were described in US Armed Forces Military 

Procedures document MIL-P-1629 [5]. (1949; revised 

in 1980 as MIL-STD-1629A) [3]. Based on 

standardized severity, occurrences and detection 

tables, we can assign right value to each of them. 

5. Calculation of Risk Priority Number (RPN) for 

each of the probable failures and put the one with the 

greatest RPN value on top of the list most hazardous 

processes and planning for preventive or corrective. 

6. Re-assigning Severity, Occurrence and 

detection values after implementing corrective 

actions and re-calculating the RPNs by means of 

creating a new list of high-risk processes. 

 The usage of FMEA in petroleum refinery 

facilities can reduce great amount of risk from 

hazardous operations which are extensively affected 

by malfunctions and failures of its components. 

According to the usage of FMEA, if we can provide 

reliable significance (severity) ranking value of a 

malfunction from engineering team, statistics and 

failure data distribution about the frequency of 

occurring a failure and the chance of detecting a 

failure in a petroleum refinery with the current 

control systems, then we can chose which process 

and which component in the specific part of 

petroleum refinery must be in focus of maintenance 

team to reduce the risk of operation failure. 

Some effort has been done to detect malfunctions 

in refining industries. H. Z. Kister et al. [6] have 

investigated and analyzed Nine hundred case 

histories of malfunctioning towers reported over the 

last 50 years. Their analysis shows rapid growth in 

the number of malfunctions with no signs of decline. 

Plugging, especially of tray active areas, packing and 

distributors, were at the top of the malfunctions list.  

In the Oil & Petrochemical industry, there is a 

great attention on the concepts of maintainability, 

reliability and safety, and many analyses are used to 

estimate the risk of hazards and damage to equipment 

in order to improve maintenance policies and reduce 

the amount and frequency of maintenance costs [7]. 

Kalantarnia et al. proposed an approach for assessing 

occurrence probability and estimating system 

performance by interpreting available near misses 

and incidents data of failures and using dynamic risk 

assessment [8]. Implementing FMEA in Sepahan Oil 

Company in iran has reduced the scrap from 50000 to 5000 

ppm and has resulted in a 0.92% decrease of oil waste [9]. 

In a different approach, Azadeh et al. utilized FMEA to 

improve reliability centered maintenance of pumps used 

in petrochemical industries, known as a major potential 

problem in every phase of petrochemical industry, 

production, transportation and refinery [10].  

According to this fact that a small failure in a 

continues process can lead to spreading this failure 

very fast, importance of implementing FMEA on 

facilities such as petroleum refineries becomes more 

clear. In this study, we have focused our attention on 

implementing this technique in reduction of possible 

failure effects by prioritizing seven most important 

potential malfunctions in refinery towers. 

 

PROPOSED APPROACH 
With respect to the limitations of various 

resources in a system such as maintenance 

equipment and maintenance personnel  and also by 

means of reduction in future failure costs, we have 

to adapt a methodology for ranking the priority of 

doing actions for a series of probable failures we 

predict in our perspective system. Here, we adopt 

this technique for prioritizing most hazardous 

malfunctions to 7 probable and common failures in 

refinery towers based on available statistics [6]. 

There is also a renowned industrial statistical center, 

RIAC (Reliability Information Analysis Center) 

which provides a yearly datebook for addressing 

component failure mechanism and failure mode 

distributions which help us in saving time and cost 

for gathering failure occurrence probabilities for a 

specific mechanical/ electromechanical/ electrical 

component. 

Another way of providing occurrence failure 

data is collecting them in a long period of time 

which requires a lot of budget and time.  

Implementing FMEA can be done from two 

different aspects: 

1. Hardware: This focuses on analyzing failure of 

components of system. 

2. Functional: which focuses on analyzing failure of 

the defined processes for a system, that we utilize in 

this paper to priories the routine hazardous failures 

in “refinery towers”, for proper actions. 

As mentioned before, FMEA is defined as 

recognition of “failure mode”, which in our case is 

“probable and routine malfunctions in the refinery 

towers” and “failure cause” which is “estimating 

upcoming effects of that malfunction on the 

functionality of the refinery towers”.  
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We provided our occurrences probabilities for 7 

common failures form the article “what caused tower 

malfunctions in the last 50 years” [6]. After that we 

reviewed the effects of each failure and then, 

assigned the values of severity and detection based 

on standard tables and his experience. At the end by 

calculating the RPN we showed that which failure is 

in the critical situation. 

   

ANALYSIS AND MODELLING 
There are many common malfunctions in a 

refinery tower which leads to dangerous consequences. 

Table 1 contains of 7 failures and the logic 

consequences of them that we discussed in this paper.  

Table 1 

Important malfunctions in a refinery tower [4]. 

      Malfunction                      Effects 

No.1: Tower internals 

damage (excludes 

explosion, fire and 

implosion) 

 Lower 

efficiency 

Poor 

operability. 

Probable shut-

downs. 

 

 

No.2: Abnormal 

operation 

incidents(startup, 

shutdown, 

commissioning) 

 

No.3: Packing liquid 

distributors 

 

 

 

No.4: Misleading 

measurements 

 

No.5: Chemical 

explosions 

 

 

 

 

No.6: Chemical 

release to atmosphere 

 

 

 

7.fires (no explosions) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lower 

efficiency. 

Poor 

operability. 

 

 

 

Undesired 

composition. 

Dead zones. 

 

 

Incorrect data. 

 

 

Probable Shut 

downs & 

injuries. 

 

 

 

Environmental 

damage, 

Probable 

injuries 

 

 

Probable shut 

downs& injuries 

 

We also present a standard ranking severity/ 

occurrence/ detection factors adapted from resource 

[1], which leads us to determine the RPN for the 

proposed failures. 

The proposed ranges are as below [1]: 

 

 

A: Severity Ranking Criteria:  

1–2: Failure is of such minor nature that the customer 

(internal or external) will probably not detect the 

failure. 

3–5: Failure will result in slight customer annoyance 

and/or slight deterioration of part or system 

performance. 

6–7: Failure will result in customer dissatisfaction 

and annoyance and/or deterioration of part or system 

performance. 

8–9: Failure will result in high degree of customer 

dissatisfaction and cause non-functionality of system. 

10: Failure will result in major customer 

dissatisfaction and cause non-system operation or 

non-compliance with government regulations. 

 

B: Occurrences ranking criteria:  

1: An unlikely probability of occurrence during the 

item operating time interval. Unlikely is defined as a 

single failure mode (FM) probability < 0.001 of the 

overall probability of failure during the item 

operating time interval. 

2–3: A remote probability of occurrence during the 

item operating time interval (i.e. once every two 

months). Remote is defined as a single FM 

probability > 0.001 but < 0.01 of the overall 

probability of failure during the item operating time 

interval. 

4–6: An occasional probability of occurrence during 

the item operating time interval (i.e. once a month). 

Occasional is defined as a single FM probability > 

0.01 but < 0.10 of the overall probability of failure 

during the item operating time interval. 

7–9: A moderate probability of occurrence during the 

item operating time interval (i.e. once every two 

weeks). Probable is defined as a single FM 

probability > 0.10 but < 0.20 of the overall 

probability of failure during the item operating time 

interval. 

10: A high probability of occurrence during the item 

operating time interval (i.e. once a week). High 

probability is defined as a single FM probability > 
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0.20 of the overall probability of failure during the 

item operating interval. 

 

C: Detection ranking criteria:  

1–2: Very high probability that the defect will be 

detected. Verification and/or controls will almost 

certainly detect the existence of a deficiency or defect. 

3–4: High probability that the defect will be detected. 

Verification and/or controls have a good chance of 

detecting the existence of a deficiency or defect. 

5–7: Moderate probability that the defect will be 

detected. Verification and/or controls are likely to 

detect the existence of a deficiency or defect. 

8–9: Low probability that the defect will be 

detected.Verification and/or controls not likely to 

detect the existence of a deficiency or defect. 

10: Very low (or zero) probability that the defect will 

be detected. Verification and/or controls will not or 

cannot detect the existence of a deficiency or defect.  

After consulting with expert engineering team about 

each of the mentioned malfunctions, we assigned 

appropriate severity and detection values to each of the 

failures. In this paper we used statistics provided in the 

resource [4], which are the number of repeating a 

specific malfunction in refinery towers during a 

specific observation period, which is nine hundred 

malfunctions during 50 years, makes us able to 

calculate the probability of occurring each of the 

failures. We must mention that we used statistics of 

years after 1992, presented in the resource. In table 2, 

we calculate the occurrence probability of failures, 

based on the statistics provided in resource [4]: 

 

Table 2 

Probabilities of failures occurrence 
Malfunction no. Repeating 

frequency 

Probabilities 

1 35 0.207 

2 25 0.147 

3 48 0.284 

4 31 0.183 

5 17 0.100 

6 5 0.029 

7 8 0.047 

 

After translating the occurrence probabilities 

based on proposed occurrence ranking criteria, we start 

to complete the final FMEA process in table 3. 

At this step we start focusing on malfunction with the 

highest RPN value calculated in table 3, by trying to 

implementing corrective actions. After that, 

preventive/corrective actions must be done 

hierarchically based on determined priorities by 

means of reducing the RPN value of each failure. 

 

Table 3 

FMEA final table 
Malfunction 

No. 

Effect 

severity 

Failure  

detection 

Failure 
occurrence 

RPN 

1 7 3 10 210 
2 4 3 7 84 
3 3 6 10 256 
4 4 7 8 224 
5 9 1 6 54 
6 8 5 4 160 
7 8 2 5 80 

RESULTS AND DISCUSSION 
As shown in table 3, one of the most important 

problems that may happen in towers is malfunction in 

“packing liquid distributors”. This may result in a 

common phenomenon in towers called “channeling”, 

which causes inefficient distribution of the liquid 

throughout the media, dead zones and finally 

undesirable composition of the products [11]. FMEA 

process indicates that this malfunction has the highest 

risk priority number (RPN) due to its hard failure 

detection and high failure occurrence. 

So, there should be some efforts to lower this 

RPN. This can be done by a proper packing design 

and also by carefully controlling the distributor of the 

liquid at different levels of the tower. The FMEA final 

table will change into table 4, as shown, which 

indicates that the RPN value of the discussed 

malfunction, packing liquid distributors, has reduced 

and this makes it less risky than before implementing 

corrective actions. 

Table 4 includes new amounts of severity/ 

detection/ occurrence based on expert engineering 

team estimations, after implementing preventive 

and/or corrective actions to decrease the significance 

(severity) and occurrence, and increasing the 

detection level of each failure or malfunction. 

 

Table 4 

Revised FMEA final table 
Malfunction 

No. 

Effect 

severity 

Failure  

detection 

Failure 
occurrence 

RPN 

1 6 2 8 96 
2 3 3 6 54 
3 3 5 8 120 
4 3 6 9 162 
5 8 1 4 32 
6 7 4 4 112 
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7 8 2 5 80 
  

More accurate and reality-based revised values result 

in much more appropriate and reality-based prioritizing 

failures. Revised severity/ detection/ occurrence values 

must be assigned by exact calculations based on available 

technical and statistical methodologies. Figure 1 illustrates 

trade-off between RPN rates before and after implementing 

FMEA process.  

 

 

 

 

 

 

 

 

 

 
Figure 1 

Initial FMEA vs. Revised FMEA 

 

As shown in figure 1, after implementing 

preventive and corrective actions on described 

failures, RPN of malfunctions will change and this 

leads us in focusing attention on the most hazardous 

failures, due to limitations of the process.   
 

CONCLUSIONS 
FMEA technique is used to detect the most 

important failure among seven important 

malfunctions in refining process. “Packing liquid 

distributors” are found to be the most hazardous 

failure with the highest RPN. Risk Priority Numbers 

leads us to prioritize hazardous failures and doing 

preventive or corrective actions based on the 

priorities. After implementing necessary actions, 

revised FMEA final table, shows different 

prioritizing of hazardous malfunctions, which 

results in different priority of preventive and 

corrective actions.        
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