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Development of Accident Scenarios for Hydrogen Refueling Station
and Fuel Cell Vehicle
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ABSTRACT

The registration rate of eco—friendly vehicles, such as hydrogen vehicles, is increasing rapidly, however,
few first responders have experienced related accidents. Accident scenarios at hydrogen refueling stations
and hydrogen vehicles on a road were investigated, and the relative importance of each scenario was analyzed
using AHP analysis. Leakage, jet flame, and explosion that occurred inside and outside the hydrogen refueling
station were reviewed, and the hydrogen gas explosion in the compartment showed the highest importance
value. In case of the hydrogen vehicle, traffic accident statistics and actual accidents were used. It was
analyzed that the hydrogen vessel explosion on the road due to the failure of TPRD and the leakage in the
underground parking area were difficult to respond. The developed accident scenarios are expected to be
used for first responder training.
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Table 1 Registered numbers of eco—friendly vehicle'”

Vehicle

2017
type

2018 2019 2020 | 2021

Hybrid |313,856|405,084 |506,047|674,461|908,240

Electric | 25,108 | 55,756 | 89,918 |134,962|231,443
Hydrogen 170 893 5,083 | 10,906 | 19,404
Proportion
in total 1.5% 2.0% 2.5% 3.4% 4.7%
vehicle
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Fig. 1 Hydrogen gas accident
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Table 2 Accident scenarios for hydrogen refueling station

No. Accident scenario
1 Hydrogen gas leaks from the tank and piping (parts)
inside the hydrogen station
9 Hydrogen jet flame occurs from the compressor

and piping (parts) inside the hydrogen station

Explosion occurs due to delayed ignition at the
3 | accumulated hydrogen gas inside the hydrogen
station

Hydrogen jet flame occurs around dispenser at
the outside of the hydrogen station
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Table 3 Accident scenarios for hydrogen fuel cell vehicle

No. Accident scenario

Fire occurs at engine vehicles after
5 the FCEV collides with the side of
the engine vehicle.

Hydrogen tank explodes due to the

6 Road TPRD failure of the FCEV in a fire
accident after traffic accidents.

7 Hydrogen leaks after colliding with
the rear side of the FCEV.

3 Hydrogen leaks at road tunnels after
traffic accidents.

9 Underground | Hydrogen leaks from the FCEV at

parking lot | the underground parking lot.

Tube trailer A tire fire at the hydrogen tube
10 . trailer leads to jet flames from the

fire TPRD at hydrogen vessels.
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Table 4 Pairwise comparison matrix
Scenario 1|Scenario 2|Scenario 3 |Scenario 4
Scenario 1 1.00 0.80 0.72 0.93
Scenario 2 1.25 1.00 0.80 1.25
Scenario 3 1.39 1.25 1.00 1.57
Scenario 4 1.08 0.80 0.64 1.00
Table 5 Weight values
Scenario 1|Scenario 2 |Scenario 3| Scenario 4
Weight 0.23 0.25 0.31 0.21
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Table 6 Pairwise comparison matrix

Scenario | Scenario | Scenario | Scenario | Scenario | Scenario

5 6 7 8 9 10
Sceg““" .00 | 055 | 083 | 070 | 0.63 | 0.80
Scegarlo 1.81 1.00 1.49 1.10 0.93 1.51
Scer;ano 121 0.67 1.00 0.60 0.51 0.64
Sce;a“" 143 | 091 | 168 | 100 | 088 | 122
Sceg"‘“o 160 | 108 | 197 | 113 | 1.00 | 1.30
Scelngrlo 1.96 0.66 157 0.82 0.77 1.00

Table 7 Weight values

Scenario | Scenario | Scenario | Scenario | Scenario | Scenario
5 6 7 8 9 10
Weight | 0.13 0.22 0.12 0.18 0.21 0.15
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Table 8 Hydrogen incident response tactics

Number |Possibility
Accident of the of Response | Response
type accident | secondary | strategy tactic
scenario | accident
High Marginal
Leakage |1, 7, 8, 9 - A
Low Aggressive
2 4 High Marginal
Jet flame 45 - B
10 Low Aggressive
. High Marginal
Explosion 3,6 - C
Low Aggressive
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