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Abstract -In order to invigoration the hydrogen economy, production of hydrogen needed
for hydrogen charging stations and hydrogen fuel cells is needed. Generally, it is reforming
used to coal fuel or natural gas. Other technologies include water electrolysis using pure water.
Among these water electrolysis technologies, development is mainly carried out using
PEM(Polymer Electrolyte Membrane electrolysis). In this study, the company aims to identify
potential harmful hazards to PEM electrolysis hydrogen stations in the development stage
among hydrogen charging stations. In order to find the hazardous factors in the facilities of

the electrolysis and hydrogen charging stations, we were analyzed by Failure Mode & Effect
Analysis(FMEA).
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Fig. 1. The principle of Polymer Electrolyte
Membrane electrolysis (Wikipedia).
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Fig. 2. The P&ID of Hydrogen Station with
PEM electrolysis
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Table 1. The list of components and their func-

tion
NO component function
Manual valve to control the opening and
1 Ball closing of fluid
valve Used for start and end of process, main-
tenance
2 Needle Flow control valve
valve
3 Check Prevent backflow of fluid
valve hydrogen/water
4 Regulator |Regulate the flow of fluid
valve Keep a constant flow
5 Solenoid  |Automatic valve actuated according to
valve signal
6 Water Filter Remove impuritiesA from  water  with
physically and chemically
- Ton Exchange filter
7 VE Filter Use of insoluble synthetic resin with ions
Remove impurities from water with very
8 Micro Filter |fine filtration
Ceramic material filter
Water supply pump
9 | Supply pump Input of water
10 Circulating |Device for water circulation
pump Purification and recovery of water
Level Check the storage level of the water
11 indicator & [Alarm by detecting low and high water
sensor levels
Temperature I])):(:)\él@(:fg to detect the temperature of the
12 md;gﬁ:z)rr & Alarm by detecting high temperature and
stop to process
Pressure  |Device to detect the pressure of the process
13 indicator & [Alarm by detecting high pressure and stop
transducer |to process
Detect external leakage of hydrogen gas
14 | Gas detector Installed on top of main part
Measure the voltage of the power supply in
15 Voltmeter |the electrolytic device
Measure the DC and AC in digital form
Measure the current flowing of the circuit
16 Ammeter elements in the electrolytic device
17 Pre cooler Cooling water supply
Prevents temperature rise in the process
. Tank for storing high pressure hydrogen
1g |High pressure Types are divided into 900bar, 500bar,
storage tank 400bar
Tank to store feed water
19 Water tank Storage capacity of 200L
Heat Heat supply device to maintain smooth
20 exchanger supply and process temperature when
S supplying water
Device that supplies the main power of]
21 | Power supply |water electrolysis device
Supply electricity to 220V three phase
Device for charging hydrogen in vehicles
. and fuel cells
n Dispenser Automatically shut off and control when
the temperature inside the vehicle rises
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Table 2. The criteria of assessment by RPN

Severity
v/ Loss and inoperative of process
Catastro 5 function
phic v Catastrophic damage to environment
and human body
v/ Stop of process function
Critical 4 | ¢Serious damage and disabled to
human body
. v/ Stop of some processes function
Margina L .
) 3 v Causing injury to the surrounding
environment and the human body
v Malfunction of Some Processes
usuall 2 function
Y v Minor injury to environment and
human body
v'Does not effect process
Minor 1 v/ Does not effect the environment or
the human body
Occurrence
often 5 v Once in a period of about 6 months
S?me 4 | ¢Once in a period of about 1 year
-times
v Once in a period of about 1 to 5
usually 3
years
v/ Once in a period of about 5 to 10
rarely 2
years
very 1 v'Once in a period of about more than
low 10 years
Detection
v Failure mode and errors are never
Undetec
table 5 detected
V1t is impossible to detect
v Failure mode and errors are rarely
detected
Difficult 4
Hieu v Detectable by professional certification
inspection
v Failure mode and errors are often
Generall
3 detected
y v Detectable through precise diagnosis
v Failure mode and errors are easy
Easy 2 detected
v Detectable by general inspection
v Failure mode and errors are definite
Definite 1 detected
v Visually detectable
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Table 3. The sample sheet of FMEA

BV08, BV09, BV10)
- B Wpo] B4 Favker MEY R A

FoAG WB &

HERIL o450 2

=
o] ZHALHA@E~T5 vol%)e] EA 93
Be TRk Ul E o] dAY Jhedol 9l

il

Page : 27 of 92
@ BV 06,07, 08, 09, 10 FMEA Fl\/%EAﬂ?M%‘ : 2018 06. 15.
- 9)
% A 4|8
a7 TR HE A A I % | €<)/Mechanism = = | A A} 8
Aya} S 0 D | &
d 9l
ol &4 714, HA 16
v AAHA AN
anel 2y 8 |v duing 7l 2 wA)
w2 AelA | ag BAGIRAEES w |7 T
b e & = ZAAeA HET v By Ax AA
2 27} 2 3 88 & 34 | 4 T ﬁ_T v oi}lﬁ'if] 2 v oRIZE AFE A
HH 2w b N g 16|, aq m waan
+ %l% 5 AE BPAHE Y 24 |v B AN BAY 2
Hag wp v PGAX|(BV 08
(BV06,07,08,0 WY S w AT v Qfm 16 =7IBV 08)
o I — =
e o123 719, 57 233 24
b 34 2B FA | 4 W s 7 1:90;]1,02 "
B Ao = = by v AR71HA AA
%; N ANE BFEALE | 3 BV060) | 5 |36 |, Guine o w g
olgd 714, H4 | 2 30 |v PGAIX(BV 08)
WH AAR 7 v
So oy vE | A s 15
AF BEFFAE 45
Table 4. The summary of FMEA results AFE AT A T2 FTE 7 ]'%"_3
(RPN by failure mode) ol J& (MMAF AHE B A&HAH vz
A E8)
PRN Amount
1-9 156 422~ 31§+ 78 3(580bar, 990bar)
10~19 23 B30 8889 AA vF 9 =F3E U
B37F 194 AYA X3t ghEEo] FA
20~29 o8 7t Ao R F2E A Ve FTHs 4o
31-39 52 2 7hs7de] AFAEAR] A 3 A=
40 5 el 28
Total S04 TEZ RPNO| 2A A H Ao gt e A4 57 58
o8 EEHE Ay Afoe TANIET}
HAN a2k 989 FFAA BT B e 292 Fo AN eEA 2+ 9
3 FAE oA Fhe FE E T A9k 3 W wAvlo 2w T3] FrIt Ads F
7Vs/do] B3R 5% ot F AR Ao Z oAEr|o HEa BEE okt E3)
AR F2]) AZE7L 538 A9 AvEles 88 9 ?3731?—
Y F& F=E ‘% A - Zao] A9 i"ﬂ TS
2) FaEw 219 ball valve(BV06, BV07, AaoA e F4 FE22 s 5L 199 25
=S
=
o
=1
=

TE 7hs7de] e,

=3 BUE 9 o5

1

w

~
I

22 AAT Beloh A7 5o A AUBE
LAAA o] 43E B Ao B NEE

S=7p~gke] A A23d A6 2019 12€



B AT PEM A8 Az F42F3HLs
o] 14 9 P8 AE FHolstaixt FMEAE &8
st 1 9 9 AU E EEHTh

olo F 22%F 153719 HFOR A& st 7t
Zrol 17 el 9 e B3y F 50470
9 e AU E =&

RPNO] A4 223 AU el A9 olfd=
A8 A A e PETHE IH(580bar EE
990bar) 2 EHFojof e FA A g FHH
Zo] o7} HAUY E3] Fa9 FE AS
Al At g Zd Fo] Abdo] 3E = QY] o
o] & FTEE WA Y U Fo| ot

51 o

i,
Hor & Mo N

o 2 &

et Wi
O rle
=y

w2 2 L
2

o

1>

Y&

SN

e

o

>

>

ot

o

fin)

Ho

fin)

2 2o

N
o
o

off
%
Mo
X
1)
o
it
o
rE
b
&
N
)
ol
o
Brid fo ot 2 e @ Y

o2
<)
o, L ot o

>
tott
fo
gt
oX,
o
=2
o
N
R
(]
pau)
o
fru
>
i
i
i)

AL =

A F: o] =EE oA/ &H Y iR

KIGAS Vol. 23, No. 6, December, 2019

sy

A - HEE

A F5 AT (20178520040490) 01 2J5ke] A
A5l A=Y

REFERENCES

[1] Future Strategy Team, Proposals and Trends of
Hydrogen Fuel Cell Vehicle (FCEV), Korea pe-
troleum Association, (2018)

[2] Ministry of Environment, Subsidy guidelines for
the supply of hydrogen fuel cell vehicles and charg-
ing station installation business, Ministry of
Environment, (2017)

[3] Ministry of Trade, Industry and Energy, Excep-
tional standards on the standards for the fuel, mixed
and packed automobile charging stations, Ministry
of Trade, Industry and Energy, (2016)

[4] HyPPO, A California Road Map, CaFCP, p.3~4,
(2014)

[5] Hata Yoichilo, Tatami station that produces hydro-
gen from water, Smart Japan, (2014)

[6] Korea Gas Safety Corporation, 2016 Gas Accident
Yearbook, (2016)

[7] Lee, S. H. and Yun, K. B., A consideration of
Hydrogen Station Safety Issues, The Korean
Society Of Automotive Engineers, (2007)

[8] Lee, T. H., “Technical overview and outlook of wa-
ter electrolysis device”, Journal of Electrical World
Monthly Magazine, 14-15, (2015)

[9] Oh, D. S., A Study of the Status and Safety
Assessment of Domestic and Foreign Hydrogen
Station, Hoseo University, (2008)

[10] Kim, T. H., Failure Mod And Effect Analysis,

Hoseo university, (2009)

[11] Kang, B. W.andKim, T.Y., Lee, T. H., “Analysis
of Costs for a Hydrogen Refueling Station in
Korea”, Korean Hydrogen and New Energy
Society, 27(3) 256-263, (2016)

- 38 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


