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Abstract - To solve the problem of climate change, carbon neutrality has now become a necessity rather
than an option. Hydrogen is not only a energy storage that can supplement the intermittent production of re-
newable energy, but is also considered a good alternative in the field of utilization as it does not emit carbon
dioxide after reaction. In order to revitalize hydrogen vehicles, one of the fields of hydrogen utilization, the
construction of hydrogen station infrastructure must be preceded. Prioritization of risk factors is necessary for
efficient operation and risk assessment of hydrogen stations, but due to the short operation period of domestic
hydrogen stations, there is a lack of frequency data on accidents and their reliability is low. In this study, we aim
to identify the causes and consequences of deviations in hydrogen stations through HAZOP analysis.
Additionally, we intend to analyze them using Fuzzy-AHP. Through this, we intend to derive the decision val-
ues for the causes of deviations in hydrogen stations and apply them to hydrogen accident cases and risk assess-
ments to confirm the reliability and utility of the data.
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Fig. 1. Procedure diagram of HAZOP.
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Fig. 2. Relationship between objects in HAZOP.
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Table 1. Likert Scale and Triangular Fuzzy Number

Likert Scale Verbal expression TEN

1 No impact at all 0, 0, 0.2)

2 No impact ©, 0.2, 0.4)
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4 Impact 0.4, 0.8, 1)

5 Significant impact 038, 1, 1)
Y7 1

X
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Fig. 4. Triangular Membership Function.
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Table 2. Ranking of Weights

Deviation Consequences Weights

Leakage 0.154957038

Fire and Explosion 0.243903622

Breakdown and Damage 0.11585353

Abnormal Pressure Changes 0.136584475

Abnormal Flow rate Changes 0.10416904

Influx of Abnormal Substances 0.126394853

Abnormal Temperature Changes | 0.118137443
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Table 3. Ranking of Decision Values

r
>
fot

Center of gravity values for Deviation Consequences
Deviation Causes ) Abnormal | Abnormal | Influx of | Abnormal | DECISIN | pon
Fire and Breakdown values
Leakage Explosion | and Damage Pressure Flow rate Abnormal | Temperature
P 2 Changes Changes Substances Changes
Breakdown and Damage | 0.837694855 | 0.789766902 | 0.84820615 | 0.835920748 | 0.858997671 | 0.800771164 | 0.800167303 | 0.82009923 1
Flow blockage 0.639232702 | 0.546321149 | 0.534654635 | 0.650402995 | 0.627326072 | 0.511577712 | 0.523076923 | 0.574883606 9
Leakage 0.924631085 | 0.864139202 | 0.825129227 | 0.835920748 | 0.871283073 | 0.604249149 | 0.650402995 | 0.807784356 2
Malfunction 0.68547274 | 0.77769424 |0.802052304 | 0.823848087 | 0.823848087 | 0.731540394 | 0.77769424 | 0.77150393 3
Abnormal
0.661705765 | 0.77769424 | 0.719633765 | 0.754013457 | 0.71927002 | 0.592474995 | 0.835920748 | 0.727142049 6
temperature change
Reduced flow rate(P/S) | 0.523076923 | 0.453846154 | 0.523076923 | 0.684782688 | 0.523076923 | 0.500000000 | 0.592307692 | 0.533539727 11
Increased flow rate(P/S) | 0.638628842 | 0.684782688 | 0.707859611 | 0.811941457 | 0.765787611 | 0.603885404 | 0.673116174 | 0.694507235 8
Flow blockage(P/S) | 0.476923077 | 0.476923077 | 0.500000000 | 0.685386548 | 0.673479919 | 0.407692308 | 0.453846154 | 0.51706797 12
Pressure reduction(P/S) |0.488499249 | 0.442345403 | 0.580806942 | 0.719633765 | 0.638628842 | 0.500000000 | 0.592307692 | 0.548861873 10
Pressure increase(P/S) |0.765787611 | 0.707859611 | 0.742710688 | 0.84692501 | 0.84692501 |0.626962327 | 0.707859611 | 0.744129066 4
Abnormal (emperature |, o 7e>cg [ 0,707850611 | 0.719633765 | 0742346943 | 071927002 |0.603885404 | 0.812843825 | 0710807565 | 7
changes(P/S)
Inflow of abnormal
0.650402995 | 0.696556842 | 0.812843825 | 0.812843825 | 0.731540394 | 0.812843825 | 0.684798639 | 0.735713428 5
substances(P/S)
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Table 4. Risk Grading Guide(Proposal)

Risk Grade Guide(Proposal) W&DV Risk Level
Work Interruption
. . (Work after
High Risk Removal of Risk
Factors)
Grade7(0.14 ~ 0.15)
Moderate Cond.itional Work Grade8(0.13 ~ 0.14)
. (Risk Factor
Risk Removal) Grade9(0.12 ~ 0.13)
Gradel0(0.11 ~ 0.12)
Conditional Work | Oradel1(0-10 = 0.1
(Timely Removal Gradel2(0.09 ~ 0.10)
of Risk Factors) Grade13(0.08 ~ 0.09)
Low Risk
Risk Factor Grade14(0.07 ~ 0.08)
Monitoring Grade15(0.06 ~ 0.07)
Self-operation Gradel6(Less than 0.06)
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Table 5. Applying the Risk Grading Guide(Proposal) to the results of the risk assessment[29]

Risk Level
No. Deviations Causes Consequences _“]/(&DV "
Frequency | Criticality Level Risk Leve
Hydrogen and CO,
1 No/low flow Fr(z)r}t ;;dazal;) Vims released into the 1 1 1 Grade 10
pe atmosphere
Leak of joint and .
2 No/low flow fitting Re]:i;e(i 1}?;)6 the 2 1 1 Grade 9
of valve and pipe P
Back flow High pressure
3 Back flow from PSA vent line at front end 2 ! ! Grade 11
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