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• Semi-quantitative risk assessment methodology, which allows for a consistent assessment of 
explosion risks in hazardous areas.

• The Ex-LOPA method distinguishes between the risk of ignition in a hazardous area and the 
assessment of explosion risks.

• This Ex-LOPA method is especially intended for:
 identifying risk reduction measures in Hazardous Areas, i.e. Zones 1/21 and 0/20;
 identifying risk reduction measures in case of explosive atmospheres in enclosed areas

where an explosion overpressure can be expected;
 evaluating risks from explosion scenarios with potential fatality consequences.

• The Ex-LOPA method is not intended for Control of Work (CoW) and 
managing risks of portable or mobile equipment used in hazardous areas 

Objectives of Ex-LOPA Method for Explosion Risk Assessment in Hazardous Areas
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Different types of explosion risk assessment methods
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PHA versus Zones: Frequency of Explosive Atmosphere  (FEx) 

                      

                      

                      

                      

                      

                      

                      

                      

                      

 

FEX < 1/yr.
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TEX = 10 hrs.
PEX = 10-3

FEX = 10/yr.
TEX = 1 hrs.
PEX = 10-3
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Frequency of Explosive atmosphere (FEX) & Ignition Hazard Frequency (IHF) 

PHA-LOPA (Process Deviations outside Safe Limits/Catastrophic Failures):
• Initiating Event Frequency = Frequency of Process Deviation/Failures (FEX)
• Conditional Modifier = Probability of an effective ignition source (PIG)
• Conditional Modifier = Probability of personnel presence and injured (PCM)
• Independent Protection Layers = Risk Reduction Factor (PIPL)

Ex-LOPA Hazardous Area (Normal Operation within Safe Limits):
• Initiating Event Frequency = Frequency of Ignition Source/Malfunctions (FIG)
• Enabling Condition = Probability of a Hazardous Atmosphere/Zone (PEX)
• Conditional Modifier = Probability of personnel presence and injured (PCM)
• Independent Protection Layers = Risk Reduction Factor (PIPL)

PHA-LOPA (Process Deviations outside Safe Limits/Catastrophic Failures): FEX < 1/yr. IHF = FEX  PIG

Ex-LOPA Hazardous Area (Normal Operation within Safe Limits): FEX ≥ 1/yr. IHF = FIG  PEX

Explosion Hazard Frequency (EHF): EHF  =  IHF  PCM  (∏ P𝟑𝟏 IPL)
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Risk Matrix (SIL Platform Guide; October 2018) & Risk Tolerance Criteria for Ex-LOPA

Risk Tolerance Criteria for Ex-LOPA:
 Major Harm: ≤ 10-5/yr.
 Catastrophic: ≤ 10-6/yr.
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1. Equipment failures:
e.g. expected or rare malfunctions of (non-)electrical Ex-equipment in the different zones

2. Process related ignition sources: 
e.g. prevent high temperatures via process control systems and/or safety instrumented systems

3. Human related ignition sources: 
e.g. frequency of activities or presence of personnel in a hazardous area, taking into account 
the effectiveness of administrative/procedural control of potential ignition sources

4. External events:
e.g. for lightning strikes a typical frequency FIg = 10-3/yr. is assumed

Initiating event frequency (FIg): 4 main types of initiating events that can cause ignition
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Unmitigated ignition frequencies (FIg) & IPL requirements for equipment in different zones

* Continuous Supervision (IEC 60079-17)
--- No Safety Requirements / Protection Layer is not needed
a No Special Safety Requirements (Unclassified Safeguard since PFD > 0.1) / Protection Layer is probably not needed
HFT ATEX Hardware Fault Tolerance of Equipment (ISO 80079-37) is not the same as SIS Hardware Fault Tolerance (IEC 61511)

Ex Equipment Under Control (IEC TS 60079-42): 
Ex Equipment which contains a potential ignition source, which is controlled by an electrical safety device
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IHF for different zone types depending on frequencies and duration of ignition sources

Zone
FEx

(1/yr.)

TEx

(hrs.)
PEx

FIg

(1/yr.)

TIg

(hrs.)

IHF

(1/yr.)

2/22 10 1 10-3 10-1 10* 1.1x10-3

2/22 10 1 10-3 10-2 100* 1.01x10-3

1/21 10 100 10-1 10-2 1 1.1x10-3

1/21 100 10 10-1 10-2 1 1.1x10-3

0/20 10 1000 1 10-3 1 1.001x10-3

0/20 100 100 1 10-3 1 1.01x10-3

IHF = FIg x PEx + FEx x PIg = FIg (PEx + FEx x TIg)  per year



Classification: General Business Use 

Estimated failure frequency (hr-1) for electric equipment in explosive gas atmospheres 
that may result in a potential ignition source for different types of Ex protections

* Assumed equal to Zone 2
equipment Ex n (IEC 60079-15)
by Ex sc (IEC 60079-33) unless
Zone Category is given

Kees van Wingerden, Electrical equipment on offshore facilities: residual risk for ignition, CMR GexCon AS Project No. 44162, 7-12-2010. 
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Failure frequencies for electrical equipment in potentially explosive dust atmospheres

 intrinsic safety “i”:
the ignition frequency (FIg) of an explosive dust cloud (IIIA/IIIB) can be assumed to be 
identical as the estimated failure frequency of intrinsically safe electrical equipment 

 encapsulation “m”:
the ignition frequency (FIg) of an explosive dust cloud can be assumed to be identical 
as the estimated failure frequency of electrical equipment protected by encapsulation 

 pressurized enclosure “p”:
the ignition frequency (FIg) of an explosive dust cloud can be assumed to be identical as 
the estimated failure frequency of electrical equipment protected by pressurized enclosure

 enclosure “t”:
for dust ignition protection by enclosure "t" of equipment no generic failure rate data 
are available.
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Generic explosion scenario with independent protection layers (IPL) 
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Explosive atmospheres prevention measures (IPL 1): Risk Reduction Factors (RRF)

* Estimates
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Ignition prevention measures (IPL 2): Risk Reduction Factors (RRF)

* Estimates
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Explosion protection measures (IPL 3): Risk Reduction Factors (RRF)

* Estimates
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Example Ex-LOPA: mechanical seal of agitator in zone 1

• The shaft seal of agitator in the vessel is intended for use in Zone 1 (Cat.2)
• Explosion of the potentially explosive atmosphere inside the vessel (Zone 1) 

due to seal overheating may result in a potential fatality

 LOPA target value for Major Harm: ≤ 10-5/yr.

 FIg for rare malfunction of shaft seal (Cat.2): ≤ 10-2/yr.
 PEx for presence explosive atmosphere (Zone 1): ≤ 10-1/yr.

 IPL1 prevention of explosive atmosphere by inerting: ≤ 10-2/yr.; or
 IPL3 explosion protection by installing venting device: ≤ 10-2/yr.
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Conclusions

• Ex-LOPA is complementary to the conventional PHA-LOPA and allows for a consistent 
assessment of explosion risks in hazardous areas. 

• Practical application of Ex-LOPA method demonstrates the difference between the risk 
of ignition in a hazardous area and the overall assessment of explosion risks.

• For Ex-equipment suited for the different zone types, the residual ignition hazard 
frequency appears to be typically in the range between 10-3 and 10-4 per year.

• Additional measures may be necessary to reduce the explosion risk of hazardous 
explosive atmospheres to acceptable or tolerable levels, depending on the company's 
risk policy.

• The failure frequencies for Ex-equipment are based on general data found in literature. 
In practice, the failure frequencies of specific Ex-equipment may be better. The authors 
do welcome any additional data.

• This Ex-LOPA method is not applicable for risk assessment of mist explosions or 
dust explosions originating from dust layers.
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Disclaimer

• The contents, practices and guidance expressed in this paper are those of the ATEX 153 
Platform - Joint Working Group Ex-LOPA and do not reflect those of employers, or 
member companies.

• The authors do not warrant that the guidelines are complete or accurate, and may not 
be suitable for your situation. Any use of this guideline is at the responsibility of the 
user. All liabilities for losses and claims for damage are excluded.

• This guideline on Ex-LOPA risk assessment method is for informational purposes only 
and shall not take precedence over implementation of legal requirements, international 
standards and/or recommendations from original equipment manufacturers (OEM).


