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In this study, a quantitative risk assessment was carried out for a hydrogen complex station.

The complex fuding dtation to be evauated was hydrogen-LPG, and the components of each station were
andyzed and the risk was evaluated. The fina risk is assessed by individud and societd risks, taking
into account the impact of damage and the frequency of accidents. As a result of individua risk caculation
for the hydrogen-LPG fuding staion that is the subject of this sudy, the hydrogen-LPG type fuding station
does not show the unacceptable hazardous area (> 1 x 10E-3) proposed by HSE. The leve of individua
risk for both the public and the worker is within acceptable limits. In societd risk assessment, the model
to be interpreted shows the digtribution of risks in an acceptable range(ALARP, As Low As Reasonably
Practicable). To ensure improved safety, we recommend regular ingpections and checks for high-risk

hydrogen reservoirs, dispensers, tube trailer lesks, and LPG vapor recovery lines.

Key words : complex fueling station, hydrogen-LPG, risk assessment, individual risk, societal risk
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Table 1. Components of LPG-Hydrogen combined refueling station

T & T2 AHETEA A9t
RESCE] 41.152m3(20%)/17) C4H10 -
=S 7.5HP/27] C4H10 -
o] AT A] E.21/27) C4H10 18kg/cm’
LPG D g 7.5HP(200¢ /min)/17] C4H10 -
FHAA .
TFAZ E T HEE A A (4264 - -
e 20kg/ABC# /27 ) )
- 4.5kg/ABC /27
v 7] 20kW/17] - .
oFz7| 460NmM3/hr(@200bar)/27] H2 90MPa
7210 *37] 53MPa
ol Q9
H 70 7] 3439 *37] H2 93Mpa
EuEy A 2,7700 H2 20MPa
s ] 2w A 0.12~5kg/min H2 70MPa
FHAA
Y%= 7] (Chiller) 10.40RT/43.4kW - -
7P A7 AT - -
a3t A7) UV/IRE}R1/47 - -
H] % 2 (UPS) 5.0KVA/17] - .
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Table 2. Leak scenarios and frequencies of hydrogen refueling station facilities

31

Inventory Lesk
. Lesk Size
FUEL Components Pre. Temp. Mass, Scenario (mm) Frequency
(Mpa) ®) Volume (lyear)
Small Leak 0.40 1.07E-03
. Medium Leak 4.02 3.21E-04
Tube Trailer 20 40 340kg
Large Leak 12.70 1.80E-04
Cat. Rupture - 5.00E-07
Small Leak 0.23 3.47E-03
Medium Leak 2.26 2.09E-04
H. Storage 82 40 0.686m"
(High) Large Lesk 7.16 1.02E-04
Cat. Rupture - 5.00E-07
Small Leak 0.25 3.47E-03
Medium Leak 2.50 2.09E-04
H. Storage 40 40 0.686m"
Hz (Medium) Large Lesk 7.92 1.02E-04
Cat. Rupture - 5.00E-07
Small Leak 0.23 7.06E-04
Dispenser 70 -40 - Medium Lesk 2.26 1.85E-04
Large Leak 7.16 9.88E-05
Small Leak 0.23 2.76E-03
Compressor 82 40 - Medium Lesk 2.26 2.62E-05
Large Leak 7.16 4.24E-06
o Small Lesk 0.23 1.20E-03
Pg::'dty 82 40 - Medium Lesk 2.26 8.32E-05
Large Lesk 7.16 3.84E-05
Table 3. Leak scenarios and frequencies of LPG refueling station facilities
Inventory
FUEL | Co Scenari Leak Size F -
mponents Pre Temp Mass, enario G requency
(Mpa) (©) Volume (lyear)
Small Lesk 2 2.00E-04
Dispenser 038 40 - Leak
(drive-away& 2 6.67E-04
vehicle impact)
Hose reel 5 3.46E-06
Tank Lorry 0.38 40 10,000kg MediumL eak
Tanker SRV 1.90E-07
LPG [ Small Leak 5.00E-06
L'q”'f:ngut'et 0.38 40 - Medium Lesk 2.30E-06
Large Leak 25 5.60E-07
Vapour Retum 18 40 - Small Lesk 2 1.00E-03
Line
] Drain Vave Leak 1.20E-04
Valve Failure 0.38 40 - -
Relief Vave Leak 5.30E-07

Journal of Energy Engineering, Vol. 28, No. 4 (2019)
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Table 4. Weather conditions

Wind : - Temp.
Westher uill stabili .
[ e v (]
Summer Day 5 D neutra - little sun and high wind or overcast/windy night 30
Winter Day 2 F stable - night with moderate clouds and light/moderate wind -5
Summer Night 3 D neutral - little sun and high wind or overcast/windy night 20
Winter Night 15 F stable - night with moderate clouds and light/moderate wind -15
Table 5. Population conditions
Population Operator(g) Road() Sum(™g)
Day 5 40 45
Night 2 20 22
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Table 6. Risk ranking by risk integral percent

2 e M veovem | Fasines | Unvoere | pacem
H2 HP_VESSEL_LARGE-LEAK 1.02E-04 0.4284 4.37E-05 32.40
H2_MP_VESSEL_LARGE-LEAK 1.02E-04 0.3593 3.67E-05 27.18
H2 DP_LARGE-LEAK 9.88E-05 0.1639 1.62E-05 12.01
H2_TT_large-leak 1.08E-04 0.1486 1.61E-05 11.90
H2_PP_LARGE-LEAK 3.84E-05 0.1646 6.32E-06 4.69
H2_TT_mid-leak 3.21E-04 0.0125 4.02E-06 298
H2_DP_MID-LEAK 1.85E-04 0.0182 3.37E-06 2.50
LPG_VAPOUR RETURN LINE_SMALL LEAK 1.00E-03 0.0025 2.54E-06 1.88
H2_PP_MID-LEAK 8.32E-05 0.0162 1.35E-06 1.00
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