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Background: Economic consequence analysis is vital for recognizing pipeline comprehensive risk analysis and emergency response 
planning.
Objectives: The purpose of this study was to estimate economic loss due to fire and explosion in petrochemical feed and product pipelines.
Materials and Methods: The present study which performed on 47 pipelines of a petrochemical special zone, pertinent pipeline selected 
by chemical energy potential, flow rate and capital density. Pipeline hazard factor and material factor were determined, and fire and 
explosion index (F&EI) was calculated. After determination of F&EI, the area of exposure and replacement value in exposure area was 
determined. Finally, actual maximum probable property damage and business interruption were computed.
Results: In the fire and explosion, radius of exposure in adjacent of pipeline was 41.5 meter, and damage factor was 0.87. On the other hand, 
actual maximum probable property damage was $ M 3.9, and business interruption was $ M 767.
Conclusions: Since, Butadiene pipeline has the highest grade of risk in which the degree of fire and explosion is severe, appropriate 
control actions are required to reduce the risks. Therefore, considering the economic costs and consequences, a comprehensive risk 
analysis and emergency response planning is highly important for the Petrochemical feed pipelines.

Keywords: Explosions; Economics; Prevention and Control; Environment; Insurance

Implication for health policy/practice/research/medical education:
To implement the Health, Safety and Environment (HSE) in industrial sector of Iran, the evaluation of economic impacts is unavoidable. This would justify 
the financial costs of e g of risk assessments and safety control for policy makers either in public and private sectors.
Copyright © 2013, Health Promotion Research Center. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://
creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background
One of the risks that constantly threaten various indus-

tries, especially oil and gas industries is the accidents of 
fire and explosion. Chemical industries, especially the 
ones which transport, process, and storage the hydro-
carbon materials are potentially at risk of fire and explo-
sion, and various damages caused by the fire. It can cause 
human fatalities, serious injuries, financial losses due to 
damage of equipment, and disruption of productive ac-
tivity, loss of employment, and sometimes irreparable 
damage to the environment, and also other costs such 
as insurance premiums would increase (1). Hence, iden-
tification of danger factors and the ways of controlling 
them especially in chemical, oil and natural gas indus-
tries are very important. Accordingly, 15 to 30 percent of 
the capital cost is typically spent on safety and prevention 
of pollution in the oil and gas industries (2). Special Pet-
rochemical Economic Zones is one of the Iran’s most im-
portant economic hubs. Thus, preserving and protecting 
these industries and its powerful work forces are crucial. 
On the other hand, by increasing chemicals transport by 
pipeline, the number of pipeline accidents is increasing 

each year. According to the data of the U.S Office of Pipe-
line Safety (OPS), the rate of accidents has increased about 
four percent annually (3). The area under investigation of 
this study in Special Petrochemical Economic Zones has 
more than 60 pipeline connections (feed-products). These 
contain chemicals such as chlorine, ammonia, Butadiene, 
Benzene, sour gas, and etc., are spread upon the supports 
on the ground in most parts, many of them are located 
next to each other. This sometimes makes the diagnosis of 
the pipes which are used for welding operations, cutting 
and other operations very difficult, leading to outbreak of 
an accident. On this basis, threatening pipelines can cause 
various problems such as third-party harm, problems re-
lated to improper design, improper performance, and 
corrosion pipelines; which can cause devastating events 
(4). Hence, it is essential to recognize the dangers of pet-
rochemicals and pipeline units, and provide and imple-
ment solutions to reduce the risks and prevent the pos-
sible accidents that may lead to both life and economic 
losses. This research examined the economic impacts of 
chemical materials release, in one of the Special Petro-
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chemical Economic Zones. However, the Quantification 
and applying a specific technique for estimation of finan-
cial damages is rarely used in Iran. Besides, the estimation 
of insurance is usually performed by foreign companies. 
Thus, the findings of this study can be used to determine 
the losses due to fire and explosion at a chemical industry, 
and can be also used as insurance premium.

2. Objectives
In this regard, risk indices use the numerical values to 

classify various parts of an industrial fire and explosion 
hazard, and identify the areas with high levels of danger. 
Quantification of danger can also help to estimate the 
losses, so that due to the above information, it is possible 
to estimate the losses of the fire in each specific sector (5).

3. Materials and Methods
Among the most important hazard indices are the 

Instantaneous Fractional Annual loss Index (IFAL), 
the fire and explosion index (MOND), and the Fire 
and Explosion Index of  DOW (F & EI) (6, 7).

Figure 1. Procedure for Calculation of Economic Impacts by Applying 
F&EI

 Processing Course
Selection

 Determining factor
for material

Determining the risks of the
processing Unit F3 

Calculating F2,  the 
special risks of processing 

 Determining F&EI
 material factor F&EI

 Calculating the control
credibility factor

 Determining the
damage factor

 Determining the
exposed area

 Replacment value
of the area

 Determining the
base MPPD

Determining the
actual MPPD 

Determining MPDO

Determining BI

Calculating F1  of
processing risks factor 

* Source: (Dow, 1994)

Dows’ Fire and Explosion Index is one of the most reli-
able indices to identify the potential occurrence of fire 

and explosion (8). One of the specifications of this index is 
assessment of risk in chemical materials processing units 
and storage of these materials, and estimation of the costs 
in money. In addition, it is the only index which takes into 
account all the safety parameters, and is able to select the 
important parts of the process associated with the haz-
ard. Besides, it is able to calculate the value of failures and 
loss by using the daily working pauses, the contingent 
value, production value, and also the failed equipment in 
money. The above index can also provide a guideline for 
insurance companies to determine premiums (9). This 
index has been used in many researches across the world. 
Among those are the studies of Gupta et al. (1997), Roy et 
al. (2003), Bernatik and Libisova (2004), and Suardin et al. 
(2007) (9-12). These researches showed that this index has 
been used for different purposes such as rating and classi-
fying the danger, determining the economic impacts, and 
designing safe processing industries too. Suardin et al. 
concluded that by applying the (F&EI) index, it is possible 
to design safer and more economical reactor and distilla-
tion system. This index has been also used in a number of 
studies in Iran, especially in the chemical industries. The 
researches of Jafari et al. (2012) and also Ahmadi et al. (2011) 
are some examples (13,14). The process of Fire and Explo-
sion Index calculation is shown in Figure 1. Based on this 
Figure, after selecting a network of petrochemical pipe-
lines, to assess the potential chemical energy (Materials 
Factor (MF)) all the chemical materials in the pipelines 
were identified. Then the pipelines containing chemi-
cal materials with the highest Material Factor (kg/h) and 
their economic values were compared, and the most im-
portant pipeline was chosen to calculate the fire and ex-
plosion index. At the first stage, the common dangers of 
the pipeline (F1) were determined based on the following 
factors: Exothermic chemical reaction-endothermic pro-
cesses, handling and transferring materials–an indoor or 
enclosed process unit, accessibility, controlling leaks and 
releasing chemicals. In the next stage, specific dangers of 
the pipeline (F2) were calculated according to the follow-
ing factors: Toxic substances, atmospheric pressure (less 
than 500 mm Hg), Operation within the flammable range, 
explosive dust, pressure, low temperature, the proportion 
of flammable / unstable substance ,corrosion, or erosion, 
leaks, hoses and junctions, using combustion equipment, 
hot oil heat exchange system and Rotating Equipment. 

Table 1. Risk Grade of F&EI 

Grade of Risk F&EI Index Range
Light 1 - 60
Milda 61 - 96
Medium 97 - 127

Heavy 128 - 158

Sharp high Above 159
a relatively light
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After calculating the general and specific dangers of 
pipelines, pipeline danger factor (F3) was calculated by 
using equation:

F3 = F1× F2
By calculating the factor of pipeline risk and the materi-

als factor, fire indicator and explosion (F&EI) were calcu-
lated by using the equation:

F&EI = F3×MF
The grade of risk was determined by the Table 1. The ra-

dius of exposure was also calculated by using equation: 
Y = 0.84 X
Where Y is the radius of exposure for foot, and X is the 

index of F&EI. The calculation of the values of the exposed 
area of this research were based on the estimated value 
of the chemicals released within 15 minutes after the re-
leasing time, the cost of redesigning, and reinstalling the 
pipelines in the area of exposure. Factor of damaged ma-
terials, products and equipment which were in the area 
of exposure were determined by the factor of materials 
and the risk factors of processing unit Figure 2. 
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Figure 2. Damage Factor Based on Process Unit Hazards (F3) and 
Material Factor (MF)

After determining the factor of damage and the value 
of exposure zone, the maximum possible damage of the 
property (base MPPD), was calculated by multiplication 
of those two factors. Since, the base MPPD does not in-
clude the proceedings taken to control the damage and 
losses, to determine the actual maximum possible dam-
age (actual MPPD), the Loss Control Credit Factor (LCCF) 
was determined. LCCF was calculated by the equation:

LCCF = C1 × C2 × C3
The processing credibility controlling factor, (C1) is 

based on the state of emergency proceedings, coolers, 
explosion control, emergency pause of processing, com-
puter controlling, inert gases, guidelines, and operation-
al procedures, programs related to chemicals and reac-
tive materials, and other programs related to the analysis 
of risk processing. The materials isolation factor (C2) was 

calculated by the valves remote control, the temporary 
storage and neutralization tanks, drainage, and also com-
puter controlling. To determine the factor of fire protec-
tion (C3) the following factors were checked including: 
Leak detection, strength of steel structure, source of wa-
ter sustenance fire systems, proprietary quench system, 
sprinkler system, water spray curtains and covers, Foam, 
monitors and hand-held fire capsules, and protection 
of cables. The actual amount of the maximum possible 
damage to the property was estimated by using the equa-
tion:

MPPD (actual) = LCCF× MPPD (base)
After calculating the actual maximum possible dam-

age to properties, the maximum probable day Outage 
(MPDO) was determined, and the economic disruption 
caused by fire and explosion of chemicals (Business In-
terruption, BI) was calculated by using equation 6: BI is 
the economic disruption caused by the failure of the sys-
tems, and VPM is the Value of Production per Month (15).

4. Results
The results of material factor (MF) analysis for 47 avail-

able chemicals in petrochemical pipelines illustrated in 
Table 2, show that Butadiene, ethylene vinyl acetate, and 
the epichlorohydrin with the material factor of 24 has 
the highest material factors among all of the studied 
pipelines. Examining the discharge rate of chemicals 
passing through the pipelines demonstrates that, the 
discharge rate of Butadiene pipeline with 300 thou-
sand kilograms per hour had the highest transition rate 
among all other chemicals in the region, So, for toxicity, 
fire and explosion, Butadiene Pipeline was recognized 
as the most dangerous pipeline in the region. Therefore, 
it was then considered as the most important line for 
more analysis. These findings are similar to the results 
of a number of other relevant conducted studies which 
also indicated the high chemical exposure of Butadiene 
compared to other lines. As for instance, the results of a 
research on selected pipelines conducted by Jabbari et 
al. (2008) among others, showed that Butadiene with 
Chemical Exposure Index (CEI), of 1000 had the highest 
chemical exposure index among all other existing pipe-
lines in the region (16). After selecting Butadiene pipe-
line, the hazard factor was determined by F&EI index, 
and the confine exposed area was calculated. According 
to the F&EI index value of 161.5 in Table 2 it can be indi-
cated that Butadiene pipeline had the highest grade of 
risk (as mentioned in Table 1, i.e. sharp high). The equip-
ment damage factor in the exposure area was about 
0.87. Therefore, since the damage factor is high, which is 
induced by fusion of Butadiene pipeline, the possibility 
of release of chemicals and the subsequent damages of 
equipment is up to %87. On the other hand, the results 
confirm that the fusion of Butadiene line and its explo-
sion can cause damage to the other equipment in the 
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vicinity of radius 41.5 m (Table 2). Therefore, to study its 
economic impacts and calculating the maximum pos-
sible damage of the property (base MPPD), the value of 

the products beside the Butadiene pipeline and the in-
vestment designing, implementing and supervision of 
the operations of the pipelines were calculated. 

Table 2. The Results of Calculating F&EI Index, and the Confine Exposed Region for Butadiene Pipeline 

The Cases The Results

Materials factor 24

Common processing hazard (F1) 1.95

Specific processing hazard factor (F2) 3.45

The hazard factor of processing unit (F3) 6.73

F&EI index 161.5

Exposure radius 41.5 m

The area of exposure 5410 m2

The damage factor 0.87

Based on our findings, the value of the chemicals prod-
ucts in the area for 15 minutes of release is about 300 
thousand dollars. The cost of redesigning, and reinstall-
ing the pipelines in the exposure area is about 4.93 mil-
lion dollars. So the value of the exposure area is 4.87 mil-
lion dollars, and the base maximum possible property 
damage (base MPPD) would be about 4.24 million dollars. 
Based on the calculations, the Loss Control Credit Factor 
(LCCF) was computed and determined about 0.92. The 
actual MPPD is 3.9 million dollars and by more than 70% 
of confidence the probable duration of the system failure 
(MPDO) would be 80.16 days. Since most of the pipelines 
contain chemical products that are used as raw material 
and feedstock, the value of the produced output is more 
than the present value of the chemicals in the pipelines, 
so that the value of the produced output in the related 
petrochemical units is about 410 million dollars per 
month. Hence, the economic disruption caused by fire 
and explosion on of the pipeline would be at least 767 
million dollars. However, as various studies have shown, 
the exact calculation of the economic consequences 
of the events of chemical processes is very difficult and 
complex. So, the results can be used as the minimum 
probable loss to determine the role and importance of 
the controlling actions for the possible accidents. The 
study of the various resources also shows that due to the 
extensive economic consequences resulted from the pro-
cessing units’ accidents; the estimations performed by 
various agencies have different results for the same acci-
dents. For example, based on Carroll, (2000), the losses 
caused by accident in France in 1992, were estimated 370 
million U.S. dollars by the Major Hazardous Incident Data 
Service (MHIDAS), and 260 U.S. dollars by Marsh McLen-
nan counsels (17, 18).

5. Discussion
Based on the findings of this study, Butadiene pipeline 

has the highest grade of risk, and appropriate control ac-

tions are required to reduce the risks. The results indicate 
that the damage factor of the equipment in the area is 
about 0.87. Therefore, since the damage factor is high, the 
possibility of release of chemicals and the subsequent 
damages of equipment is high, and up to 87 percent. The 
most likely actual damage is 3.9 million dollars, the num-
ber of lost working days due to fire and explosion is 80 
days, and economic disruption due to the fire and explo-
sion in the pipeline is at least 767 million dollars. On the 
other hand, considering the establishment of lines in an 
environment outside the petrochemical complexes, the 
possible damage by third party on them and the nearby 
equipment and its economic consequences are also high. 
Therefore, a comprehensive risk assessment and man-
agement, is highly essential and should be performed for 
different parts of the petrochemical pipelines.

Acknowledgements
Hereby cooperation and assistance of the officers and 

the staff of the National Petrochemical Company in this 
study shall be honored and thanked.

Authors’ Contribution
Both authors contributed substantially to the research 

and writing of this paper.

Financial Disclosure
There is no financial disclosure.

Funding/Support
There is no Funding/Support.

References
1.       Coco JC. Large Property Damage Losses In The Hydrocarbon 

Chemical Industries: A Thirty-Year Review. New York: J&H March 
& Mclennan; 1998.

2.       Palaniappan C, Srinivasan R, Tan R. Selection Of Inherently Safer 

Arc
hive

 of
 S

ID

www.SID.ir

www.sid.ir


Atrkar Roshan S et al.

Health Scope. 2013;2(2)94

Process Routes: A Case Study, Chemical Engineering & Process-
ing.  1997:647-53.

3.       GAO. United States General Accounting Office, Report To The 
Ranking Minority Member, The Office Of Pipeline Safety (OPS) , 
GAO/RCED-00-128. New York; 2000.

4.       Matsuo Y, Iwahashi K, Kawai Y, Ichikawa Y. Analysis of the tran-
scripts of cytochrome P-450IID gene subfamily in bovine adre-
nal gland. Histochemistry. 1992;97(4):319-22.

5.       Etowa CB, Amyotte PR, Pegg MJ, Khan FI. Quantification Of Inherent 
Safety Aspects Of The Dow Indices. J Loss Prevent. 2002;15:477-87.

6.       AICHE . The American Institute Of Chemical Engineers, Chemical Ex-
posure Index. 1994.

7.       I. Imperial Chemical Industry, Mond Index, How To Identify, As-
sess And Minimize Potential Hazards On Chemical Plant Units 
For New And Existing Processes, 2nd Ed. ICI, Northwich. 1993.

8.       Gupta JP. Calculation Of Fire And Explosion Index (F&EI) Value 
For The Dow Guide Taking Credit For The Loss Control Measures. 
J Loss Prevent Proc Indus. 2003;16(4):235-41.

9.       Gupta JP. Application Of Dow's Fire And Explosion Index Hazard 
Classification Guide To Process Plants In The Developing Coun-
tries. J Loss Prevent ProcIndus. 1997;10(1):7-15.

10.       Roy PK, Bhatt A, Rajagopal C. Quantitative risk assessment for ac-
cidental release of titanium tetrachloride in a titanium sponge 
production plant. J Hazard Mater. 2003;102(2-3):167-86.

11.       Bernatik A, Libisova M. Loss Prevention In Heavy Industry: Risk 

Assessment Of Large Gasholders. J Loss Prevent. 2004;17(4):271-8.
12.       Suardin J, Mannan MS, Halwagi ME. The Integration Of Dow's Fire 

And Explosion Index (F&EI) Into Process Design And Optimiza-
tion To Achieve Inherently Safer Design. J Loss Prevent Proc Indust. 
2007;20(1):79-90.

13.       Jafari M, Zarei M, Movahhedi M. The credit of fire and explosion 
index for risk assessment of iso-max unit in an oil refinery. Int J 
Occup Hygiene. 2012;4(1):10-16.

14.       Ahmadi S, Adle J, Mirzaei M, Zarei M. Loss determination of fire 
and explosion in a chemical industry using Dow fire and explo-
sion index. Sci J Qazvin Uni Med Sci. 2011;(61):69-76.

15.       AICHE . Fire And Explosion Index, Hazard Classification Guide.7th 
Ed. (AICHE), The American Institute Of Chemical Engineers, John 
Wiley & Sons Publisher.  2005.

16.       Jabbari Gharabagh M, Asilian H, Mortazavi SB. Zaringhalam 
Moghadam, A. Hajizadeh, E. Khavanin A. Consequence Anal-
ysis Of Toxic Chemicals Release From Petrochemical Feed 
And Product Pipelines Network. Sci J Qazvin Uni Med Sci. 
2009;48(4):12-8.

17.       Carol S, Vilchez JA, Casal J. Updating the economic cost of large-
scale industrial accidents: Application to the historical analysis 
of accidents. J Loss Prevent Proc Indus. 2000;(13):49-55.

18.       Mollan RA, Haddock M, Webb CH. Teicoplanin vs cephamandole 
for antimicrobial prophylaxis in prosthetic joint implant sur-
gery: (preliminary results). Eur J Surg Suppl. 1992;(567):19-21.

Arc
hive

 of
 S

ID

www.SID.ir

www.sid.ir

