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Fuel cells are low-carbon power sources that can expand distributed energy system and electric vehicle charging infrastructure when
installing fuel cells in gas stations. In order to ensure safety for fuel cells in gas stations, quantitative risk assessments were conducted after
deriving accident scenarios based on accident data of domestic and foreign gas stations and fuel cells. It calculates the expected extent of
damage from fire and explosion that can occur in reality, not the worst accident scenario, and analyzes the damage impact. The separation
distance of more than 9.0 m from a dispenser, 15.5 m from a car under refueling, 4.1 m from the ventilation pipe, 1.1 m from the gas
adjustment device prevent the severe damage caused by the expected accident. This study result can be used to deploy fuel cells in gas
stations and establish safety measures.
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Table 1. Statistics of service station fires

Number Damage
Human (Pers.) Property (Won)

2012 8 3 22,513
2013 3 1 2,528
2014 4 2 11,463
2015 4 2 4,625
2016 7 2 37,884
2017 13 2 45,385
2018 9 1 19,094
2019 11 4 34,864
2020 7 0 11,331
2021 1 3,123
Total 73 18 193,310

Table 2. Cause of service station fires

Number Ratio (%)

Gas leak 2 0.74

Car accident 8 2.94

Mechanical cause 45 16.54

Electrical cause 101 37.13

Chemical cause 11 4.04

Natural cause 2 0.74

Carelessness 68 25.00

Arson 5 1.84

Etc. 9 3.31

Unknown 21 7.72

Total 272 100.00
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Table 3. Scenarios for gas station and fuel cell

Accident Type Scenario
Fire 1 Pool fire Gasoline discharged from dispenser
Fire 2 Pool fire Car including gasoline
Fire 3 Pool fire Gasoline in the tank manhole
Fire 4 Jet fire Natural gas jet release from fuel cell feed-line
Explosion 1 Vapor cloud explosion Gasoline vapor discharged from dispenser

Explosion 2

Explosion 3

Vapor cloud explosion

Vapor cloud explosion

Gasoline vapor discharged from vapor return valve

Natural gas discharged from fuel cell feed-line
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Table 4. Thermal radiation damage threshold

Heat flux (kW/m®) Damage
5 Sufficient to cause pain in 20 s. 2nd degree burns are possible.
12.5 Piloted ignition of wood, melting of plastics (>30 min. exposure)
375 Process equipment and structural damage

Table 5. Overpressure damage threshold

Overpressure (bar) Damage
0.07 Window glass shatters. Light injuries from fragments occur.
0.21 Residential structures collapse. Serious injuries are common, fatalities may occur.
0.84 Probable total destruction of most buildings
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Table 6. Common parameter setting

1.5 m/s, F (very stable)

Wind speed & atmospheric stability 3 mis, D (Neutral)
s, eutra

Atmospheric pressure 1 atm
Temperature 40°C
Humidity 50%

Surface type Urban
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Fig. 3. Heat flux iso-surface of Fire 2

Fire 3-2 ZJol A4 A35-0] thg W 7ol SE--9] A SIS 7Pdstgich wEo] 2742 oF 1.2 moH, 74
HHE W sk 21 160 L7F I SIS @70k Alue] 25 2AsI3It Fire 39] AlE#0]4d A} Table 73+ 2
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Table 7. Fire 1, 2, 3 input data & result

Scenario Fire 1 Fire 2 Fire 3
Type Pool fire Pool fire Pool fire
Release mass (L) 10 (instanteous 15 s) 80 160
Input data ?md - Unconfined 3 Confined 3 Conﬁ?ed
Pool area (m”) or diameter (m) Pool area 1 m Pool area 8 m Manhole dia. 1.2 m
Wind speed (m/s) 1.5 3 L5 3 1.5 3
Stability F D F D F D
5 kW/m’ 85m  9.0m 144m  155m 45m  47m
Result Heat flux 12.5 kW/m? 6.1m 7.1m 98m 11.8m 34m 39m

37.5 kW/m® 3.0m 45m 4.6 m 7.0m 1.7m 25m
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Table 8. Fire 4 input data & result

Scenario Fire 4
Leak hole diameter (mm) 20 (40% of pipe dia.) 10 (20% of pipe dia.)
. Temperature (°C) 25
Input data Condition Pressure (bar) 2.4
Wind speed (m/s) 1.5 3 1.5 3
Stability F D F D
5 kW/m® 9.5m 83m 50m 43 m
Result Heat flux 12.5 kW/m? 8.5m 73 m 45m 3.8m
37.5 kW/m® - 6.3m - -
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Table 9. Explosion 1, 2 input data & result

Scenario Explosion 1 Explosion 2
Release mass (L) 2,000 5.1
Phase Vapor phase
Input data )

Wind speed (m/s) 1.5 3 1.5 3

Stability F D F D
0.07 bar 8.1m 41m 34m 1.7m
Result Overpressure 0.21 bar 39m 1.9m 1.6 m 0.8 m

0.84 bar 1.3m 0.6 m 0.5m 0.3m
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Fig. 4. Overpressure iso-surface of Explosion 1
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Table 10. Explosion 3 input data & result

Scenario Explosion 3
Leak hole diameter (mm) 20 (40% of pipe dia.) 10 (20% of pipe dia.)
. Temperature (°C) 25
Condition
Input data Pressure (bar) 24
Wind speed (m/s) 1.5 3 1.5 3
Stability F D F D
0.07 bar I.1m 0.7m 0.6 m 0.4 m
Result Overpressure 0.21 bar - - - -

0.84 bar - - - -
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