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A Study on Safety Improvement for Mobile Hydrogen Refueling Station
by HAZOP Analysis
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ysbyun@uc.ac.kr Abstract >> In order to expand the supply of hydrogen vehicles, the first thing to

_ be done is to build an infrastructure to supply hydrogen. There are fixed and mo-
Ez\iies'zzd :%2:5:55'22(;)2211 bile types of hydrogen refueling stations that can supply hydrogen. Mobile hydro-
Accepted 14 October, 2021 gen refueling stations have the advantage of supplying hydrogen to two or three

areas, so the introduction of mobile hydrogen refueling stations is considered at
the initial stage of hydrogen vehicle dissemination. However, mobile hydrogen re-
fueling stations have greater risks than fixed hydrogen refueling stations due to
the hazard associated with movement and intensive installation of facilities in
vehicle, so stricter design standards to lower the risk must be applied. Therefore,
in this study, basic data for establishing safety standards for mobile hydrogen re-
fueling stations were proposed by suggesting improvements such as the location
of emergency shutoff valves, the number of gas detectors etc., using HAZOP
analysis.
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Fig. 1. P&ID of mobile hydrogen refueling station®
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T B2 flexible hose (HOSE), pipe (PIPE), ball
valve (BV), check valve (CV), gas meter (GM), re-
ducer (RE), needle valve (NV), pressure gauge (PG),
excess flow shutoff valve (EFV), emergency shutoff
valve (ESV), safety relief valve (SRV)= 1A E]o]
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Table 1. Types and functions of pipe and accessories

Components No. Function
Flexible hose HOSEI! Hydrogen transfer hose
Pi PIPE 1,4-7, 18 Hydrogen transfer pipe
ipe
P PIPE?2,3,8-17 Emergency or vent pipe
Ball valve BV 1-8 Cut off hydrogen flow
Check valve CV1,2 Prevention of hydrogen backflow
Gas meter GM 1 Hydrogen flow rate measurement
Reducer RE 1-5 Different sized pipe connection
Needle valve NV 19 Cut off hydrogen flow
Pressure gauge PG 1,2 Hydrogen pressure measurement
When the hydrogen flow rate
Excess flow . .
EFV 1-4  |exceeds a certain valve, the flow is
shutoff valve
blocked
Emergency ESV 1-8 Shut off the hydrogen flow
shutoff valve urgently
Safety relief SRV 1.4 Release the pressure when the
valve pressure rises to a constant valve
Release the pressure when the
Thermal type .
TSV 1-3 temperature rises to a constant
safety valve
valve
Hydrogen gas
HGD 1-3 Detect hydrogen gas leak
detector
Flame detector FD 1-3 Detect the flame
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Table 2. HAZOP analysis form
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Table 3. Criteria of assessment by occurrence

Occurrence Criteria
5 Occurs about once in 1 year
4 Occurs about once in 5 year
3 Occurs about once in 10 year
2 Occurs about once in 100 year
1 Almost no frequency of occurrence

Table 4. Criteria of assessment by severity

Severity Criteria
5 Catastrophic accident
4 Critical accident
3 Bad production or marginal accident
2 Minor accident
1 Negligible accident

Table 5. Criteria of assessment by detectability

Detectability Criteria
5 Probability of detection impossible
4 Probability of detection is slim but possible
3 Low probability of detection
2 Confirmation through management system
1 High probability of detection
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Table 6. HAZOP analysis results

T2 ko, 119ke] Ayl EEE A9 vent header?)

T;I\(I):e Deviation Causes Consequences Safety device Improvement recommendation
e Leak from CV 0l,|* Fire and explosion caused * PG 01 * Move and install ESV 01 to a
GM 0. NV 01 ete.| by hydrozen leakage * HDG 01 place close to the hydrogen tube
’ || oYy hydrog & « ESV 01, 02 | trailer
Less . is di
Hydrogen ls_dlscharged ¢ SRV 01 ¢ Connect the discharge port of the
Pressure into the vehicle equipped . > .
« SRV 01 cation with a mobile hydrogen ¢ PG 01 safety relief valve discharge pipe
operatio el Omie ny a"gfn + HDG 01 (LINE 02) to the vent header
clucling station, causiig |, poy 01, 02 | (LINE 17)
| fire and explosion
. ¢ SRV 01
More/Less |, IS-IRX*OOLnfT;:lie * Fire and explosion caused |* PGO 1 ¢ Dual installation of SRV 01
Pressure fr(}),m I%INE 01 by hydrogen leakage * HDG 01 * PAL/H installation
* ESV 01, 02
* Hydrogen flow rate * GMO 1
More/Less | increases rapidly | Fire and explosion caused |* HDG 01 . . .
Flow | Hydrogen leak by hydrogen leakage ¢ ESV 01, 02 FAL/H installation
from LINE 01 * EFV 01
* The pressure of the
compressed gas
Reverse facility is higher |, .  Install check valve in front of
2 | Flow | than that of the Back flow BV 04 BV 04
compression
facility
More |* SRV or TSV * Fire at the end of the vent|* TSV 01-03 ¢ Installation of anti-static ring at
4 Pressure operation header (LINE 17) * SRV 01-04 the end of vent header
Wrong |, * Fire and explosion caused | .
Amount BVO0S8 leak or open by hydrogen leakage No Install plug/cap on BV 08
. . * HDG 01, 02, |* ESV 01-08 are operated remotely
Less * Fire and explosion caused .
1-4 Pressure | Hydrogen leakage by hvdrogen leakage 03 from the outside of the mounted
" y ydrog & * ESV 01-08 vehicle
Wrong |* Operator * Fire and explosion caused ' Cxas det? ction and alarm .
1,5 Action misoperation by hvdrogen leakage * No installation at hydrogen tube trailer
P Y hydrog g and hydrogen vehicle stop
« If the gas detector fails, |* HDG 01, 02 e Install 3 gas detectors in each area
* Hydrogen leakage fire and explosion occur 03 32?\/:11::}125 ;heorerrnn?rgeenschﬁjvhfoff
* Hydrogen is not available [* ESV 01-08
L constant valve (2 out of 3)
ess
1-5 R .
Pressure Ei]:r?f: nv;}ii(:jllesc:;;%;se d * Ventilation system is set to operate
* Hydrogen leakage with a mobile hydrogen |* Ventilation all the time or interlocked to
refucling station, causing operate when the gas detector
fire and explosi:)n shows a constant value
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Fig. 2. Node classification for HAZOP analysis
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