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Abstract - In addition to analyzing the hydrogen economy trends of the international community (Korea,
the United States, Europe, Japan, etc.), which is being promoted to realize a carbon-neutral society, this study
compared and analyzed the differences between the gaseous hydrogen refueling station, which is a key hydro-
gen-using facility close to the people, and a liquefied hydrogen refueling station that is scheduled to be built in
the future. In addition, SAFETI, a quantitative risk assessment program, was used to analyze the safety of lig-
uefied hydrogen refueling stations and In consideration of the individual and societal risks and the ranking of
risks by facility, which are conditional allowable areas, a plan to improve safety such as facility layout was pro-

posed

Key words : hydrogen system, hydrogen refueling station, risk assessment program, hydrogen conse-

quence model, hydrogen safety standards
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Table 1. Status of HRS by type

b HF EX2E g WEFY S50 5Y
AdA w & 0 AR s g B, 4 E
dxyol 42k S48 98 dAte] B4 L dAtE
HATAY (219), ‘A Zd o] ZF=H(IRAY (22W) 5
o] B e A 7 Table 35} Zo] FAGFL YA
S EE M U AFFAHNG L B2
olth, m =) i 4k BEFL A=
o} 71 &e A, olu ] QtR FR 3
158 o)A 25 7 AAIStA AT
] @AY= Co, ol Wk $ 0.6/kg ~ $
3.0/kg A HFA L a8 7G AH AY 5 AT

g, ot

0
[e)
=

o L2
Igﬂ
R
p
o

)ué.":‘m&

B X )y 22 ol
z 2

r)v jgr?a

o

e 87159 AA o=t ¥ =
2030 d 247t E EEE 55 %E 246
‘Fit-For-55’(21d), & Ao} st A 5ol g 9
A aAlgsA Hoiya 18 AFS 714538
£] 3+ ‘REPowerEU’(22'd), A A | 4 2] 2] 2 91 RED-
mE3d) 5 AXHOZ QYA AUA(HA T4 F)
HF EXXE JFete A=t A& F31 Fo
ok FH Y F44Y S Table 49 Zo] ‘B AT AHZR
HAZ(CBMA)Y 4 1t &7 5ol Frg o=
A AR TR AL F8 0] SUE AT T &
2030 A 7}A] F=4 AYAHFS 5607 Eof A 2,000% &
o & Fste Zledd 4 e 249 o) 8
<= 98l 29 =7 FULE FAE A A ot [7]

YE-22050d71A] FaAE] FE S 938l 20174
AA A2 33 Far| Bz & A w0
T phdsARNHE 2 e (199), ‘TAZ A

ot

o

of

M o ox
L2, ol il

Table 3. U.S.A clean hydrogen production plan

Compressed . Other
L On-site
Division | hydrogen hydrogen production (converged,
delivery ydrogen p mobile)
Place T/T - 168 reforming - 2 converged - 7
(unit) pipe - 9 water electrolysis - 1| mobile - 7
Table 2. Status of FCEV by type
Division Commercial non Total
(unit) Commercial (unit)
Sum 1,227 32,274 33,501
Car 769 32,252 33,021
Van 449 22 471
Truck 9 - 9

Division 2030 2040 2050

Clean hydrogen production

(MMT) 1,000

2,000 5,000

Table 4. CBMA schedule of implementation and

items
Plan Implementation T Hews
contents
Transition | 2023. 10. ~ rz/[zr;(li?ltoer cement,
period 2025. 12. P g X electricity,
carbon emissions o
fertilizer, steel,
Imposition of aluminum,
nf t | 2026. 1. ~
entorcement carbon border tax hydrogen
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Table 5. Japanese hydrogen supply road-map
Period Short-term Mid-term Long-term
Division (2025) (2030) (2050)
Target amount about ~ 3 million tons about
arget amott 2 million tons o o 20 million tons
. Existion by-product hydrogen, etc. Purification of supply source
Existing source of supply maximize supply utilization (use of CCUS, etc.)
Accumulate information, reduce Commercial based building a Large scale international carriers
Imported hydrogen .
costs hydrogen supply chain scale up through
' Accumulate information, reduce SUIpll']S renewanle e?ergy, etc. Expanding the scale of green
New domestic source costs expansion of electronic hydrogen |hydrogen and development of new
utilization manufacturing technology
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Table 6. Domestic FCEV and LHRS supply plan

Division 2022 2025 2030
Hydrogen
commercial vehicle 211 5,000 30,000

(unit)

Liquefied Hydrogen

Refueling Station 0 40 70
(unit)
3b 700]b:
LH, Tank ar—' S00barlh, | ) Vaporizer f?barHP G | alrJis enser
? Pump P Storage p

Fig. 1. Flowchart of vaporization method after
compression of liquefied hydrogen pump.

3 bar 900|bar

. HP HP GH, .
LH,Tank | Vaporizer Compressor — Storage mbapspenser

Fig. 2. Flowchart of gas compression method
after vaporization of liquefied hydrogen.
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Table 7. Specifications of LHRS

System
Analysis

l

Risk factor
Analysis
Risk
Scenario

1
Frequency of Accident
accident result

1
Determination
of risk

Risk
acceptability

Design
modification

Construction and
operation of the system

Fig. 3. Procedure of risk assessment.

Inventory
Component ~ Unit Table 8. Atmospheric conditions
P (MPa) | T (C) ass or
Volume
Factor Input data
LH, Tank 12 2509 4,000 kg 1
Atmosphere
LH, Pump 89.63 -199.3 2,880 1 temperature(C ) 40
‘ : : kg/day
Relative
2,880
Vaporizer 100 -248.4 kg)/ day 1 humidity(%) 0
H, Storage Wind L5
(High) 103.4 20 553 L 2 speed(mys) .
Dispenser 95 -40 Skg 2 Pasquill stability F
Table 9. Component failure frequency
Componet Leak Size Median Componet Leak Size Median
1% 24 x 10* 1% 9.6 x 107
Flange 10 % 2.7 x 10° Pipe 10 % 4.6 x 107
100 % 29 x 10° 100 % 1.5 x 107
1% 1.6 x 10* 1% 54 x 10°
Hose 10 % 1.5 x 10* Valve 10 % 25 x 10°
100 % 62 x 10° 100 % 48 x 10°
1% 79 x 10° 1 % 2.8 x 10°
Joint 10 % 7.5 x 10° Vessel 10 % 5.7 x 10°
100 % 64 x 10° 100 % 12 x 10°
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Table 10. Default ignition probabilities for Hyd-

rogen
Ignition Probability
Release Rate (kg/s)
Immediate Delayed
<0.125 0.008 0.004
0.125 ~ 6.25 0.053 0.027
>6.25 0.23 0.12

Table 11. Facility failure frequency

Leak Leak Ingnition
Sﬁ:f Scenario Size | Frequency Probability
(mm) (yr) Im- Del-
1% A Leak 5.08 3.11E-03 | 0.008 0.004
LH; 10% A Leak 16.6 1.16E-03 | 0.053 0.027
Tank
100% A Lek 50.8 2.88E-04 0.23 0.12
1% A Leak 3.81 2.51E-04 | 0.053 0.027
LH; 10% A Leak 12.05 1.32E-04 0.23 0.12
Pump
100% A Lek 38.1 4.54E-05 0.23 0.12
1% A Leak 1.91 5.76E-06 | 0.053 0.027
Vguoizr | 10% A Leak 6.02 2.76E-06 | 0.053 0.027
100% A Lek 19.05 9.00E-07 0.23 0.12
1% A Leak 0.72 2.38E-04 | 0.008 0.004
H 10% A Leak 2.26 1.83E-04 | 0.008 0.004
10% A Lek 7.16 9.78E-05 | 0.053 0.027
(High) ° : el - :
Cat. Rupture - 5.00E-07 | 0.230 | 0.120
1% A Leak 0.72 1.74E-04 | 0.008 0.004
ser 10% A Leak 2.26 8.32E-05 | 0.008 0.004
100% A Lek 7.16 3.84E-05 | 0.053 0.027
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Fig. 4. Societal risk criteria.

Table 12. Individual risk criteria

Criteria Risk of fatality per year

Maximum tolerable risk

> 1x10E-4
for members or the public

ALARP region (public) 1x10E-6 ~ 1x10E-4

< 1x10E-6

Broadly acceptable
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Fig. 5. Individual result by SAFETI.

FN Curve Plot (Smoothed)

T [ s 0 ® » @ M W W 0 W 20 W0 ©0 W0 200 s o
N f st

Fig. 6. Societal risk result by SAFETI
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