Trans. of Korean Hydrogen and New Energy Society, Vol. 31, No. 1, 2020, pp. 65~72 KHNES

DOI: https://doi.org/10.7316/KHNES.2020.31.1.65 pISSN 1738-7264 * eISSN 2288-7407

I§7 | K|S $AZTIAO| IXISIENH ISk
M55 - o]zt - ZIEfE°

wjofl 7], “5AefataL

HI

.I
G |

A Study on the Hazard Factor of Packaged Hydrogen Station by Failure
Mode & Effects Analysis

DOO HYOUN SEO', KWANG WON RHIE2", TAE HUN KIM?

*Process Safety Partner (PSP), 261 Solchi-ro, Asan 31498, Korea
“Hoseo University, 20 Hoseo-ro 79beon-gil, Baebang-eup, Asan 31499, Korea

TCorresponding author :
kwrhie@hoseo.edu Abstract >> In this study, the purpose is to identify the risks of the facilities of

feceived 21N et 2010 packaged hydrogen stations. As a risk identification method, failure mode & ef-

Rgsies';z 5 Fegfan:ygbzo fect analysis (FMEA), a qualitative risk assessment, was used to analyze failure

Accepted 28 February, 2020 mode and effects of component of each facility. The analysis criteria were used
to derive the risk priority number (RPN) using the 5-point method according to se-
verity, incidence, and detectability. The study analyzed a total of 141 compo-
nents of 23 types that can be identified on the design of the packaged hydro-
gen filling station. As a result, 683 types of failures and their causes and effects
were identified. and the RPN was number of a total of 1,485. Of these, 10 failure
types with a RPN value of 40 or more were deemed necessary. In addition, a list
of failure types with a severity score of 5 was identified and analyzed.
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Fig. 2. PFD of packaged hydrogen station
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Table 4. List of component with function

B7He] el l?%% T 23Fo® = 14170 ,
No Component Function
) Vol 7he 7|8 gl B
o] F&of tial destadar &2 7= e Located on piping connected
o 0]-1/]‘—4 _‘l_r_O =2 3= 3]_01 ;‘(l ‘3—3]_93\1;]_. %7].0” i NV 1101, 1102 to priority panel boosted
to 800 bar from compressor
3} A 7F
ohel F59] listi= Table 4%} Zth NV 1103 Repair valve for PI, PT
of N, header
Drain valve in N; line
Table 1. Criteria of assessment by severity NV 1104, 1704 (always closed)
3 NV 1001, 1002, Valve in piping line to transfer
Seveily () Loz 1101A, 1102A hydrogen
5 Catastrophic accident (people's damage + NV 1003 Repair valve in N; line
property damage) be unable to do operation NV 1004, 1007, Vent valve for residual hydrogen gas
4 Critical accident (property damage) 1108A, 1301 ydrogen &
3 Bad production, marginal accident NV 1005, 1006,
(suspension of operation) Needle Hggﬁ’ ﬂggﬁ’ Repair valve for PI, PT
2 Minor accident, pause operation valve 1304, 1305, 1700, of hydrogen line
.. . 1702, 1703
1 Negligible accident, (no damage)
NV 1108, 1103A Repair valve for filter
NV 1300, 1302, ) .
Table 2. Criteria of assessment by occurrence 1303. 1306 Valve in hydrogen line to pre cooler
Occurrence (O) Contents NV 1107 Valve of line for recc.wering hydrogen
- from the dispenser
5 Occurs about once in 1 year NV 1400, 1401, oot valve i
4 Occurs about once in 5 year 1402, 1403, 1404, P
1405, 1406. 1407 hydrogen storage tank
3 Occurs about once in 10 year ’ ’
: NV 1500, 1501, Repair valve in
2 Occurs about once in 100 year 1502 hydrogen pre cooler
| Almost no frequency of occurrence NV 1600 Repair valve for PI
(1/1,000 years) of cooling water
113()\/01?2(1)’01 11(;(1)’1 Repair valve in N; line
Table 3. Criteria of assessment by detachability 2 2
BV 1600. 1601 Repair of cooling water tank
Detectability (D) Contents Ball | and water cooler line
L .. . 1 i
5 Probability of detection impossible valve BV 1103 Valve for cooling water supply
of cooling water tank
4 Probability of detection is slim but possible .
BV 1604, 1113A Drain valve
3 Low probability of detection ? for cooling water tank
2 Confirmation through management system
: . X Auto Open during compression
| High probability of detection by prefecture valve | AOV 1101, 1101A from 180 bar to 400 bar
management, also visible with the naked eye
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AOV 1102, 1101A, Open during compression 1203, 1302
1203 from 400 bar to 800 bar er BT 1101 Transfer of hydrogen pressure
AOV 1201. 1204 Open when stored in a 400 bar measured in nitrogen supply line
’ storage tank PAL 1001, 1101
. ? ’ Alarm operation with measured
AOV 1201 Open when stored in a 800 bar Pressure | 1101A, 1103A pressure signal
storage tank alarm | PAH 1102A, 1201, low & high
AOV 1205. 1301 Open when charging with 1202, 1203
’ dispenser in 400 bar storage tank TI1I01A Indicate of hydrogen temperature in
. - Temperat the compressor
AOV 1202, 1301 ' Open when charging with P '
dispenser in 800 bar storage tank ) dl'lre Indicate of hydrogen temperature
indicator
Open when charging from Trisol cooled
AOV 1206, 1301 . by the pre cooler
compressor to disperser
. Temperat Transfer of hydrogen temperature
AOV 1207 Op enr\glsl};c;:l;e;z:enng ure TT 11014, 1501 from compressor
transmitt
AOV 1302 Vent lines with residual gas recovery TT 1502, 1601 Transfer of coolant temperature from
cr coolant line
Flow Boosting line hydrogen flow control
control Fev Lol from 400 bar to 800 bar Temlé):rat TAH 1101A. 1501 Alarm operation with measured
valve FCV 1200 Flow control when filling the car alarm temperature signal
CV 1001, 1101 Flow Flow indication of the line from the
? ’ P th kil
1102, 1101A, 1300, revaetrihe}}zd;grgo;:??ne o indicator FI1300 priority panel to the dispenser
1303 Flow FIT 1300 Flow transfer of lines from priority
CV 1002 Prevent hydrogen backflow transmitter panel to dispenser
at the nitrogen line .
Check - Flow FIC 1300 Flow control of the line from the
valve CV 1003, 1004, Prevent air backflow control priority panel to the dispenser
1005, 1301, 1302 at the vent line .
Flow FR 1101 Nitrogen flow recorder
CV 1600 Prevent backflow between the water record of nitrogen gas system
cooler and the cooling supply motor Compres Compression from 180 bar hydrogen
CV 1700 Prevent nitrogen backflow SO‘; Compressor A, B, C| to 400 bar or compression from 400
at the nitrogen gas system bar hydrogen to 800 bar
Regul- PRV 1700 Pressure control of nitrogen gas Control Automatic control of hydrogen line
ator system ancl Priority panel during hydrogen compression,
PSV 1001. 1101A p storage and charging
’ * | Device for th 1 f
1102A, 1300, 1400, CVICEyz:Og::glgfevt?: ;‘ie;:ase © Storage | Cylinder @1400, |Hydrogen storage compressed to 400
1401, 1402, 1403 tank 1401, 1402, 1403 bar or 800 bar
P - -
zz;:m Device for pressure release during Filt F 1101, 1101A, |Filter for removing foreign substances
valvc):, PSV 1103A, 1500 |cooling water thermal expansion in a mter 1102A, 1301 from hydrogen line
cooling device Hydrogen cooling on charge in
Device for nitrogen release from N» Cooler H; Pre Cooler dispenser
PSV 1700, 1701 25 svstem P
£35 8 Chill H, Chill Cool the coolant
PI 1001A, 1101A, | Hydrogen pressure indication in the Her 2 tler in the H pre cooler
1102A, 1203, 1302 hydrogen line
PI 1201 Pressure 1nd1cathn at 800 bar storage
line
e | z47
PI 1202 Pressure indication at 400 bar storage 2.5 °7|‘ J'|‘
Pressure line
indicator Nitrogen pressure indication in the - - - _ -
PI 1200, 1701, 1702 itrogon line 2} FEoll ot e, 9l B kel disl o
PI 1703 Nitrogen pressure indication in N, gas é S —8]‘93\—0—‘3%, Z1]'Z1L—04 —‘ﬂ—;g'aﬂo EH | /\11%3] ed=E 1
t t li - = =
. 2 A% Fao] 4AEY PR, HEES ¢4 V)
PI 1601 Pressure indication on the water ~ o o1l & Ao = B -
cooler coolant supply line = %GH H nTﬁTH(RP N)’é‘ ﬁ@s}%u}' éﬁ =
Pressure | PT 1001, 1101A, Transfer of nitrogen pressure QoF3}H Table 63} ZHom, Fig. 33} & ExE H
transmitt | 1102A, 1201, 1202, measured in hydrogen line ol
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Table 5. Sample sheet of FMEA about PSV

FMEA Page 47 of 90
t PSV 1001. 1101A, 11024, 1 14 1401, 1402
Component PSV 100 01A, 1102A, 1300, 1400, 1401, 140 FMEA 2018 . 1117
. Failure . .
Function mode Effects S Cause/Mechanism (¢} Management D | RPN Action
* Incorrect PSV installation by operator . * Training to installation worker
External Hydrogen 5 . 4 |* Installation of gas detecter 1101| 1 | 20 . .
X * Sealing defect * Indication of use location by parts
leakage explosion - N : 3 B 3
5 |* PSV pressure design error 2 |+ Installation of gas detecter 1101| 1 | 10 |+ PSVinspection before installation
Hydrogen leak 4 [+ Structural failure of the valve 3 |+ Installation of gas detecter 1101| 2 | 24 |+ PSVinspection before installation
Internal 3 |+ Dust accumulation to valve 3 | Installation of filter 1101 3 | 27 |+ Install additional filters
Efficiency decline L . . ¢ Use of certified product
leakage Y § * Deterioration of the valve ¢ Check to leak of regular se of certilie pro e S
of process 3 B 3 . 1 9 |* Perform regular inspection
* Structural failure of the valve * Installation of gas detecter 1101 . . . .
* PSV inspection before installation
Efficiency decline * Deterioration of the valve . . * Use of certified products
L 3 . 3 | Installat f gas detecter 1101| 1 | 9 . .
Device for | Fail to of process * Structural failure of the PSV nstatiation ot gas cetecter ¢ Perform regular inspection
the close Hydrogen st Deterioration of the valve 3 |o Installation of eas detecter 1101] 1 | 15 ¢ Use of certified products
emergency explosion * Structural failure of the PSV i gas * Perform regular inspection
release of -
Rupture of th . . L . .
hydrogen Hp L(l)rre\(/)alvee P15 o Structural failure of the PSV 2 |* Installation of gas detecter 1101| 3 | 30 |* Training to installation worker
fi t - - - - - -
ro:lnzcn Fail to P . 4 |+ Incorrect PSV installation by operator| 4 |¢ Installation of gas detecter 1101| 1 | 16 |+ Perform regular inspection
rocess sto]
open P 4 |+ Deterioration of the valve 3 |* Installation of gas detecter 1101| 2 | 24 | Perform regular inspection
Fail t " 4 |+ Structural failure of the PSV 2 |+ Installation of gas detecter 1101| 2 | 16 |* PSV inspection before installation
ail to ven
5 | Incorrect PSV installation by operator| 4 |* Installation of gas detecter 1101| 1 | 20 | Training to installation worker
Rupture of the pi . . L . .
1P L(';:e:alv: pipel 5, Incorrect PSV installation by operator| 4 |* Check a test run of process 3 | 60 | Training to installation worker
Blockag Process stop 3 |+ Deterioration of the valve 3 |* Check a test run of process 3 | 27 | Perform regular inspection
e 4 [+ Dust accumulation to valve 3 |* Check a test run of process 3 | 36 |+ Install additional filters
Fail to vent 4 |+ Incorrect PSV installation by operator| 4 |¢ Check a test run of process 3 | 48 | Training to installation worker
4 |+ Deterioration of the valve 4 |+ Check a test run of process 3 | 48 |+ Perform regular inspection

Table 6. Summary of FMEA results (RPN by failure mode)

RPN Amount
1~9 333
10~19 657
20~29 342
30~39 143
40~ 10
Total 1,485

FMEA 2348 F8olo] Woke W), 7 e A
/\7}_ 60}40] L]—Q]—Ol:l:] 7]_;(]- % x‘j/\t 12%‘_9_§

286717} vtk
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Table 7. List of components of high risk priority number
Fail
Component arure Effect Cause
mode
Rupture of the|Operator human error
pipe or valve to installation
Blockage OperaFor huma%n error
. to installation
Fail to vent .
Deterioration of
the valve
. I t PSV
PSSV Failto | Rupture of _neorree
. installation by
open the pipe
operator
I t PSV
Rupture of the 'ncorre({
Blockage | . installation by
pipe or valve
operator
Fail to |Rupture of the|Operator human error
open | pipe or valve to installation
Faulty to bonding and
NV External | Hydrogen sealing
leakage | explosion |Needle valve damage
and defect
Rupture of th
FCV Blockage P .e O Structural defects
pipe
Compressor External Hydrogen Faulty to b(?nding
leakage explosion and sealing

A
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2 0.9,
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Table 8. List of failure mode with 5 point severity (high risk)

Component

Failure mode

Component

Failure mode

External leakage

External leakage

Fail to open FCV Blockage
AOV . Structural
Fail to close
(auto defects
valve) | Minor problem External leakage
Structural Fail to open
defects ([a\Y% P
External leakage Fail to close
NV Fail to close Blockage
(needle Blockage External leakage
valve) Structural .
Fail to close
defects PSV
Error to indicator Fail to open
PI Malfunctions Blockage
Not measurable Error to receive
Error to transfer TAH Inoperable
PT . Structural
Error to receive
defects
Inoperable External leakage
PAL/PAH - I E—
Error to receive Internal leakage
Compressor |———
Priorit .
HOMY External leakage Fail to stop
panel
Blockage
Filter Cylinder External
Structural y leakage
defects
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