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Consequence Increasing probability
Severity| People Assets Environ- Reputation A B C D
rating ment
Has occurred Has Occurred Occurred
in E&P occurred in | several times | several times
industry operating a year in a year in
company operating location
company
Zero injury Zero Zero effect | Zero impact
0 damage
S||ght S“ght S||ght effect S||ght impact Manage for continued
1 injury damage improvement
Minor Minor Minor effect |Limited impact
2 injury damage
Major Local Local effect | Considerable
3 injury damage impact
Single Major Major effect | Major national
4 fatality damage impact Incorporate
risk-reducing measures
Multiple Extensive Massive Major
5 fatalities damage effect international
impact
H# : Table A.1 of ISO 17776:2000
Severity Index
51 | SEVERITY EFFECTS ON HUMAN EFFECTS ON SHIP 5
SAFETY (Equivalent
fatalities)
1 Minor Single or minor injuries Local equipment 0.01
damage
2 | Significant Multiple or severe injuries Morn-severe ship 0.1
damage
3 Severa Single fatality or multiple Severe damage 1
severe injures
4 Catasfrophic | Multiple fatalities Total loss 10
Frequency Index
FI | FREQUENCY DEFINITION F {per ship
year)
¥ Frequent Likely to occur once per month on ona ship 10
5 | Reasonably Likely to occur once per year in a flest of 10 ships, 01
probable i.e. likely to occur a few times during the ship's life
3 | Remote Likely to occur once per year in a fleet of 1,000 10°
ships, i.e. likely to occur in the total life of several
similar ships
1 Extremely Likely to occur once in the lifelime (20 years) of a 10°%
remote world fleet of 5,000 ships.
Risk Index (RI)
SEVERITY (Sl)
1 2 3 4
Fl FREQUENCY Minor Significant Severe Catasirophic
7 Frequent 8 9 10 11
] I B 9 10
5 Reascnably probable [ 7 [] 9
4 5 [ ri 8
3 Remote 4 5 3 7
2 3 4 5 b
1 Extremely remote 2 3 4 3

Hi 88 . Appendix 4 of Guidelines for FSA for use in the IMO rule-making process: MSC-MEPC.2/Circ.12

1.1 YRIT NI ZADESH



Name of system (Node)  RRfHDIBEEEM Sheet Number Revison 1
Mode of system operation fiiii& Date YY/MM/DD
ID |Hazard Cause Consequences Safeguards Safeguards Severity |Likelihoo [Risk Note (commnets
-Prevention * - Mitigation * class d class * and remarks)
class
J\H—R RE HER BEMR(FIHIEE) BENFRIBHIEE) HEE F4olgE |URD wE
&3
1.1|f&zE OBz DS /1845 (BR3E) OS&ERIRDBIE/185(F >0 |DERRE. Il —E8EE DIBGERAEIRME. SHBS. et 4
OISR (ERftEREDTRR) %) DHEBRORBERIR, FEE0H |B1E
ORE=ZR(REDAR+5) ORKEECNK - 185, BE5 |RE
RE)
OEBDEE/FET
1.2|4f0 OIHER DR /1845 (BR3E) D8 &sRlmDbE/1815 DEHRRE, MAI—EBEE DiBERAEIRME, ManiBhE
CIFRR (Rt RE DR R) OTRKEE(BFERE) DB DIR B k. 1EEEB DI
RE=R(REDAR+2) OEBDES W
1.3|FEHE ORIt REDERK) DiEER ROMIE/ABE(F>0  |DBHREE, MA-EEEE [HBERHEIRME. faniEhE
OREZX(REDAR+5) %) DHEBROREBERIR, FEED
OTRKE(BEERE) wE
3= [ =1)
1.4|30% (3c78) X% < (FNEMRTHRE KB (FNEMRTHRE DERRE, BRE/BIEE DX\, faniiihs
DIHEER D& /1815 (B RSE) OTRKE(CBFERE) DHEBRORBERIR, FED
ORXR(GEK. EFREOEKE) |DREBOBE/FET W
DIMEZ R (BYIEE. FRXIRn
F)
1.5 N - 1S ORI /1818 (JBME - #B8 - | DIBERIRDIIE/H8I5(F >0 |DERRE. HUmRIRAN. B |JER. faniBhsE 4
&) %) Nigis, Bh/RieRE
WEIPNEI=t7[0) 0] OTRKE(BFERE) DB DIR B k. 1EEEB DI
DRME= R (BYRE) DOREOAG/FET wE
* The category of Safeguards should be included if applicable. Z23IHRDI34E(E. ZHDBEITBINT D,
%k

This items should be included if applicable.
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1.

FitE% 1 - BIHE 1

NF—FDFzv I YR

—fi%(Genaral)

1 Flammable materials AIAEYE

2 Explosives BREY

3 Pressure hazards = EERE

4 Hazards associated with differences in height | &S DEUMZE S B

5 Objects under induced stress A FLRAKRTOREY

6 Dynamic situation hazards BRI DER T

7 Environmental hazards REEEM

8 Hot surfaces =omE

9 Hot liquid [SHERLLY

10 Cold surfaces ERE

1" Cold fluids KRB

12 Open flame B X

13 Electricity EX

14 Electromagnetic radiation EX AR

15 lonizing radiation - Open source BEEBSR - A—T >V —X
16 lonizing radiation - Closed source BEMSR - yO0—XY—2X
17 Asphyxiates EISEE

18 Toxic gas HFEHAX

19 Toxic fluid HERIK

20 Toxic solid HEREAK

21 Corrosive substances BEMME

22 Biological hazards EYEEN

23 Ergonomic hazards AHBRER

24 Psychological hazards DA

25 Security-related hazards tXxal) T BEEDREIKRYE
26 Use of natural resources RXAERDFIA

27 Medical EFX (FEYPRWE)

28 Noise BE

29 Entrapment hix-BEY

Hi#8 : SO 17776,

“Petroleum and natural gas industries - Offshore production installations - Guidelines on

tools and techniques for hazard identification and risk assessment”

2. B#EMW (Marine Casualty)
1 Collision HES
2 Contact ek
3 Wrecked/Stranded FEHE - Bl
4 Foundered i
5 Fire/Explosion W - IR T
3. EKRZE# (Major Accident)
1 Leakage  offexposure  to  flammable | RAI¥ATE H R/FRIF/EADRZ LY - FBX
gases/fluid/solids.
2 Leakage of/exposure to toxic or suffocating | EMEX TZEEHED H R ERK/EERDRZ LY
gases/fluid/solids.
3 Structural failure/collapse BEDEGME BFELk. HEEERRSE)




4 Equipment and System failure BERV R T LDEE

5 Operational failure EED R

6 Loss of stability/position ERME - MERFOEEX (WNFRA VAT LA,
7 v Ah— /%8 FR. Dynamic Positioning
system, BIEHF)

7 Extreme environmental loads SABIRENCD2BGET (B, K. R, R
X, RE. HE%)

8 Loading/unloading accidents REER (AREAF)

9 Transportation accidents ANEBEF

10 Accidents during escape, evacuation and | it - #BIh D EHK

rescue
11 Accidents causing acute pollution to sea or air | #B:¥ - KRELEHK

H# : NORSOK STANDARD Z-013,

4. KEBHORE TEMRHTREEEONF— K

4.1 Initiating hazardous eventsConsequences

“Risk and emergency preparedness assessment”

Pressure related Sloshing

Liquid to gas expansion

Ortho-hydrogen to para-hydrogen conversion

Stratification and roll-over

Loss of vacuum

Temperature related

Solidification of condensable gases

Oxygen enrichment

Thermal expansion and contraction

Material related

Brittle fracture

Hydrogen embrittlement

High Temperature Hydrogen Attack

Leakage related

Viscosity, diffusion and buoyancy

4.2 Consequences

Fire related Fire

Jet fire

Pool fire

Flash fire

Explosion related

Boiling Liquid Expanding Vapour Explosion

Rapid Phase Transition

Vapour cloud explosion — deflagration

Vapour cloud explosion — detonation

Exposure related

Cryogenic burns and frostbite

Hypothermia

Asphyxiation




Worksheet
79—k
1 - Scenario “PEM Fuel Cell (PEMFC) on-board RoPax ferry and LGC"”
1- SHUA i ERHOBE#SD FRBEEMR (PEMFC)
.1 - Normal operation with gaseous Hydrogen as fuel
1 - AAEROKRRRHEROBEARL -3
.1.1 - Fuel System
1.1 - BRI RTA
.1.1.1 - Fuel Tank System
1.1.1 - BN D2 T A
.1.1.2 - Distribution line between Hydrogen tank and fuel preparation (gaseous)
1
1
1
1

1
1
1
1
1
1
1
1.1.1.2 - KRV DERRPRAZE DRI DX A > (H X HIK)
1.1.1.3 - Fuel preparation (gaseous)

1.1.1.3 - BARERZE(H XMHEIRK)

1.1.1.4 - Distribution line to fuel cell power system (primary fuel, gaseous)
1.1.1.4 - BRENREIATLINOBETAM>Y (—RERL AXEROBE)
1.1.2 - Fuel Cell Power Installation

1.1.2 - R EMRERE

1.1.2.1 - Fuel Cell Power System

1.1.2.1 - BRREMREIZATA

1.1.2.1.1 - Piping between fuel preparation and fuel cell
1.1.2.1.1 - BREARRCRRE OB OECE

1.1.2.1.2 - PEM Fuel Cells Module

1.1.2.1.2 - B EDFRAPEMYRRIEMES 1-)L
1.1.2.1.3 - liquid cooling

1.1.2.1.3 - &S

1.1.2.1.4 - Process Air

1.1.2.1.4 - JOEZZER

1.1.2.1.5 - Afterburner

1.1.2.1.5 - 7959-)\—-F—

1.1.2.1.6 - heat (enerqy) recovery

1.1.2.1.6 - # (IxIF-) BEIR

1.1.2.1.7 - exhaust gas line (overpressure)

1.1.2.1.7 - Hi]RAAS(> (IBE)

1.1.2.2 - electrical power output conditioning

1.1.2.2 - BHHHRE

1.1.2.3 - Net integration

1.1.2.3 - BIEHRES

1.1.2.4 - Fuel Cell control system

1.1.2.4 - BREBOFHIHEE

1.1.2.5 - Fuel Cell safety control system

1.1.2.5 - BRREBOZEF#> 2T A

1.1.3 - Ventilation system for ESD protected fuel cell spaces
1.1.3 - ESDIRESNIIRNEMREBEXEDRIERE

1.1.4 - Ventilation system for gas safe fuel cell spaces
1.1.4 - FAZE2OMRNEMEREXE

1.1.5 - Onboard energy buffer

1.1.5 - e ETRILF—/\wT7

1.1.6 - Inertgas system

1.1.6 - /1F—MXAEE

1.1.7 - External events

1.1.7 - SAEBARU -

1.2 - Bunkering

1.2 - XKohU>y
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Function Failure Effect Si (initial severity) Cause Failure ID | Control Oi (initial occurrence) |Di (initial detectability) | category Recommended Action Sr (revised severity) | Or (revised occurrence) Dr (revised detectability) category
HRE for{E -5 Si (FIHFRZIE) RE IEID I Oi (#NHA%ARE) Di (#IHRHEE) HhFAV—  #ERFIS3Y Sr ({EIE#&FLIE) Or ({SIE#5RE) Dr ({ZIE#IRHE) HhFaYU—
1 - Scenario “PEM Fuel Cell (PEMFC) on-board RoPax ferry and LGC"”
1- 3FU% R EEHOBEFS S FRAREM (PEMFC)
1.1 - Normal operation with gaseous Hydrogen as fuel
1.1 - AAMEIRKERRRUERDBEARL -3
1.1.1 - Fuel System
1.1.1 - RIS 2T A
1.1.1.1 - Fuel Tank System
1.1.1.1 - BRI ISZATA
Storage of compressed |rupture of the tank / fuel damage of the ship 5 mechanical damage 1.1.1.1-1 suitable pressure relief 1 yellow No further recommended
Hydrogen containment system structure possible system for the hold actions related to Fuel Cell
space of the tank, cp. applications identified
IGF-Code 6.7.11
[EHEKERDRTTEL 527 /ARG INS 25 LR | iniA S DI ORI RE 5 #RRIEES 1.1.1.1-1 2IOIR—)L RAR=Z(SHEL 1 yellow BRI ) —>a(CRAL T
£ FEEAVW -T2 RF A(IGF- BRJER TSV (IHFEENTL
Code 6.7.11(GE&UR) 20
1.1.1.2 - Distribution line between Hydrogen tank and fuel preparation (gaseous)
1.1.1.2 - KEFRIIERBTAEORBOESA > (HRAHIK)
Transportation of External leakage leakage of hydrogen in 3/ material or welding 1.1.1.2-1 secondary barrier 1 yellow Consideration shall be given
gaseous Hydrogen from the secondary barrier failure principle to possible ventilation or
tank to fuel preparation space, gas detection and inerting of the secondary
(secondary barrier shut down of the hydrogen pipes between barrier space in case of
principal) system, hydrogen will be tank and fuel leakage into space not
ventilated in a safe preparation design as normally to be entered (due
location short as possible to the behaviour of
hydrogen)
redundancy
requirements of the IGF diffusion of hydrogen shall
Code be considered according to
ISO 15916, chapter 4.1.3.3
AIONSIERTRREADARE | S1EPRR ZIRBHEEZR—ZATDIKZRD 3MPARNFBEAR 1.1.1.2-1 ZRBHEE 1 yellow OKZEDOME(CLD) BEASBS
RKFROBIE (ZIRBHEE) w. HADIRHES T LD ENTERVAR-ZNDIRNDE
Sy NIy, KFRERER A EBRRL AR ETORID A, TIRHFEZAR-ZDHR N
LR CIRRENS KT\ TG TEBREIECID 1F—F1>) ORI EERELR
FEasmn
IGF J-ROTTEEZEMH
IKZROHLER(S. ISO 15916 O
4.1.3.3 B[O TEBNINE
1.1.1.3 - Fuel preparation (gaseous)
1.1.1.3 - BRRERAEE(HRMER)
Reduction of hydrogen | no or unsufficient possible damage of 4 failure of gas pressure |1.1.1.3-1 pressure relief device to 1/yellow No further recommended
pressure pressure reduction downstream reducer be installed to protect actions related to Fuel Cell
components to be systems in case of applications identified
considered failure of the pressure
reducer
IKZEEHDRE RELRV X(ER+5 THRIVR—%> hOEEOE] 4 AAREREOHIE 1.1.1.3-1 IRERBENIREUIES(CS 1 yellow BRI 7 ) —>a>(CRALTE

BEMZE R

AT LEAREI BIDICDEN
HNUERBORE

BRBHERT AV IFESN TV
0

1.1.1.4 - Distribution line

to fuel cell power system

(primary fuel, gaseous)

1.1.1.4 - BREMRBIATINOBIXSA> (—IRRAL

ARERDBE)

Transportation of
gaseous Hydrogen as
fuel

External leakage

see distribution line
between Hydrogen tank
and fuel preparation
(gaseous), failure ID
(1.1.1.2-1)

HAR DK DX

SHEBRN

IKERIIERRBEREE DD
BXS1> (HRER) 0
FEID (1.1.1.2-1)2Z88

1.1.2 - Fuel Cell Power Installation

1.1.2 - BREHRENRE |

1.1.2.1 - Fuel Cell Power

System

1.1.2.1 - RREMREEI AT

1.1.2.1.1 - Piping between fuel preparation and fuel cell

1.1.2.1.1 - BRARERERCRBEMOB DR E

1/18




Function Failure Effect Si (initial severity)  Cause Failure ID | Control Oi (initial occurrence) |Di (initial detectability) | category Recommended Action Sr (revised severity) | Or (revised occurrence) Dr (revised detectability) category
i 113 il -5 Si (FIHRZIE) RE EID I Oi (#NHASARE) Di (#IHRHEE) bh7aV—- #R/FIS3> Sr (IBIE%ZFZE) Or ({SIE#5ARE) Dr ({EIE#RHEE) hFaYU—
feed the fuel for the fuel external leakage release of fuel hydrogen 3/ mechanical damage 1.1.2.1.1-1 |process Temperature 3 1 yellow Detail assessment of
cell fuel to the fuel cell deviation in afterburner hydrogen gas release
space, gas accumulation scenarios in respect to
possible, self-ignition not accumulation of ignition and dispersion to be
expected (gas hydrogen shall be done
temperature too low) avoided by ventilation
gas detection / fire
detection
ESD protected fuel cell
space
fire extinguishing system
ARIEAOBRAHE S EBRIER BB XENADIKSE 3| BEARRVIR(E 1.1.2.1.1-1 |[7I9-N—F—-ROTOtXE 3 1 yellow IKBEAZDIE S FIACONT
B0, TZNEIET S EfRE (& FEN -HLERCRE I 2 EEMRET
aJREE. BEFENE TN Bz TITENE
TURL (HREEMEWZ IKZFROEBFE(FHRKUCLDE]EE
) IRENWE
HRARRN /R EEFRA
ESDIRFESNTIARI EhES
B X
SHNGE
1.1.2.1.2 - PEM Fuel Cells Module
1.1.2.1.2 - BARSDFR(PEMYRARIEMES 1)L
Provision of electrical wrong qualification of unlikely: pure hydrogen
energy for propulsion the fuel as fuel
and other consumers
HERBPMORTEANDE | BRolcRRoER HEIDTS(TARLY @ FBPRIKER
K[IRILF-0ftiE 2RI BIEE
external leakage gas release out of the 3/ mechanical damage, 1.1.2.1.2-1 ESD protected fuel cell 3 1 yellow Detail assessment of
fuel cell into the fuel cell welding failure, untight space hydrogen rich gas release
module installation connections scenarios in respect to
space, no self-ignition Gas safe fuel cell space ignition and dispersion to be
possible (gas done
temperature too low) type approval /
certification of the fuel Distance requirements to
cell the outer shell for fuel
piping shall be also applied
to fuel cell stacks (reduce
collision effects)
S ERRR ARIEMDSIARIEME 3 HIREIEE. BEAR. #  1.1.2.1.2-1 ESDREZNAR 3 1 yellow IKERUYF AR S FUACDN
S1-)OFREXBENADH R AR B X T FEN-HLECRE I D3¢ MM
H. BEFAOEIEEMEER S TICENINE
(HRREMEZ8) HAZEDRRIENEEE X
[E] ARIBCE OIMRE COIEREE
(& RSB RSy IICEHERT S
BITEGR / ARSIt DEREE TEME (BZEOF SRR
3128)
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Function Failure Effect Si (initial severity) Cause Failure ID | Control Oi (initial occurrence) |Di (initial detectability) | category Recommended Action Sr (revised severity) | Or (revised occurrence) Dr (revised detectability) category
i 113 il -5 Si (FIHRZIE) RE EID I Oi (#NHASARE) Di (#IHRHEE) h7dV— #R/FIS3> Sr (IBIE%FZE) Or ({SIE#5ARE) Dr ({EIE#IRHEE) hFaYU—
internal leakage high stack temperature 4|cracking of plates 1.1.2.1.2-2 |temperature monitoring 1red Amount of fuel in the fuel 4 1 yellow
developing into an of the stack cell space and the
internal oxidation / fire, corresponding
drop in voltage, shut voltage monitoring consequences shall be
down of related module evaluated.
Safety devices are designed
to handle max. credible
release scenario.
Combustible material in fuel
cell modules are to be
minimized
BB 2AvRE EmE. ISR 4/ 7L—-b0EINn 1.1.2.1.2-2 | ZAYIDREEER 1ired ARSI B X BRI 0= 4 1 yellow
1t / KK BERET. BEE EENICHITS BfaREHEs B
ES1-WOSryNMIINKE BEEER ENRE,
B33
REEBJEEINDmAME
SFH)ACHIET BLI(CEETEN
TWa.
ARIEES 1L AO R
B/ \RISNZZENNE
load jumps: not no effect 1/load changes 1.1.2.1.2-3 |energy buffer system 1 yellow No further recommended
considered to cause an actions related to Fuel Cell
hazardous event, energy applications identified
buffer systems installed
(e.g. battery system)
BESvIT  BRBANRIN BERU 1 BEZE) 1.1.2.1.2-3 | IRLF—/)\WI7S AT 1 yellow BRI 7 ) —>a>(CRL T
23| ERILEFEZSNTL BRBHER TS AV FRFEENTY
B IRIVF-NYT7S 2T B0
ne&EENTVS (Bl @ Ny7
UESY SN
short circuit loss of power output, 3| electrical failure 1.1.2.1.2-4 |short circuit breaker 1 yellow No further recommended
remaining fuel gases in actions related to Fuel Cell
the exhaust air not to be dielectric strength test applications identified
expected acc. To 62282/3-100
provided
monitoring of stack
voltage
shut down of fuel supply
for related FC module
g HADTK, HERZEZHAD 3| EXHVERPE 1.1.2.1.2-4 |33—MN—FyrJL—hH— 1 yellow BRI 7 ) —>a>(CRALTE
AR ZDFKER(EFHIENT BRBHER TS AV FRFEENTY
LV 62282/3-100NESUZHE R0
it 1 ERDSEAE
AV EFEDEAR,
BEE I ZARIEMES 1)L
ANOBRAMHE DB T
high temperature exhaust gas 3|malfunction of fuel cell |1.1.2.1.2-5 |temperature monitoring 1 yellow Exhaust gas temperature
exhaust temperature will be of exhaust air should be monitored and
monitored, shut down in shut down to be initiated in
case of reaching limiting case of reaching limiting
values values
IR HERHAREN BN, 3| AR EShOEE 1.1.2.1.2-5 |HIRZESOREER 1 yellow HERHAREZERL. HIPRMEC

PRABCEUIS S (GIERT

EUBSHERI LU E
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Function Failure Effect Si (initial severity)  Cause Failure ID | Control Oi (initial occurrence) |Di (initial detectability) | category Recommended Action Sr (revised severity) | Or (revised occurrence) Dr (revised detectability) category
i 113 il -5 Si (FIHRZIE) RE IEID I Oi (#NHASARE) Di (#IHRRHEE) h7dV—- #R/FIS3> Sr (IBIE%ZFZE) Or ({SIE#5ARE) Dr ({EIE#IRHEE) HhFaYU—
1.1.2.1.3 - liquid cooling
1.1.2.1.3 - ®S
stack temperature loss of cooling ramp down of the 3/ failure of cooling pump |1.1.2.1.3-1 |process control incl. 1 yellow No further recommended
control system coolant Temperature actions related to Fuel Cell
and pressure applications identified
safety system
redundancy
requirements of the IGF-
Code
2B I BEIDTER SATLDT>THIT> 3 BEIAR> T O E 1.1.2.1.3-1 [J-5CMDRERVENZS 1 yellow RS 7 )T -3 ICBEL T
LTOEAFITEH BRAJMERT VAV ERFEESNTY
20
REEE
IGFI-ROTTEEZEM
internal leakage Methanol in coolant 3/ material or welding 1.1.2.1.3-2 yellow 3 1 yellow
unlikely as higher failure
coolant pressure
RIEBRER -3 NEDNE WS, X5 3 MBEABRX(EBEAR 1.1.2.1.3-2 yellow 3 1 yellow
J=Ih—5> NCABETRE
TEE(EAVRDIEL
external leakage of hazards by coolant liquid yellow
coolant to be considered, not a
fuel cell specific topic
=35> bOIEBIRE IR EMEBO N Y Tl yellow
L I-FONRIELZfEMRZE
BIBIENNE
loss of secondary cooling ramp down of the 3|failure of cooling pump [1.1.2.1.3-3 |process control incl. 1 yellow No further recommended
(Seawater cooling) system and lines (Seawater inlet coolant Temperature actions related to Fuel Cell
filter clogging) and pressure applications identified
safety system
redundancy
requirements of the IGF-
Code
ZRSHIOEE (8BRS | SRATLOIOTIVS 3SR TRSHEREDIR 1.1.2.1.3-3 |I-5>MBRERVENES 1 yellow RIS 7 ) —2aICBL T
#0) FE(BKIRATLIVIDEE BIOERHIE BRJER TSV (IHFEENTL
)] B0
REEE
IGFI-ROTTRHEZM
Deterioration of coolant \ramp down of the 3 installation/replacement |{1.1.2.1.3-4 |process control incl. 1 yellow No further recommended

insulation

system

mistake and/or poor
maintenance of coolant,
material or welding
failure (leakage of
cooling seawater into
coolant)

coolant Temperature,
pressure and/or
electrical conductivity

safety system
redundancy

requirements of the IGF-
Code

actions related to Fuel Cell
applications identified
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Function Failure Effect Si (initial severity) Cause Failure ID Control Oi (initial occurrence) | Di (initial detectability) | cateqgory Recommended Action Sr (revised severity) | Or (revised occurrence) Dr (revised detectability) category
HHE o -5 Si (¥HEZIE) RE EID I Oi (¥DHAsARE) Di (#IHARHE) HhFAV—  #ER’FIS3Y Sr ({EIE#FZIE) Or ({EIEE5ARE) Dr ({ZIE#IRHE) hFaYU—
J—3> hOMERRIEREIR T SATLDT>THII> 3ERAT3I-5> RO/ 11.1.2.1.3-4 V-S5O NDRE. EHOKRY/ 1 yellow BRI 7 ) —>a>(CRAL T
REABEMRTEE, #4 XFBRIcEEASDTOE BRBHER T AV FRFEENTY
RN TBFERR(CBKROY— I 20
7> MINDITRR)
TeRE
IGFI-ROTTEEZEM
1.1.2.1.4 - Process Air
1.1.2.1.4 - JOERER
Provide oxygen for the |loss of process air No or insufficient oxygen 3/failure of ventilation fan |1.1.2.1.4-1 |redundancy 1 yellow No further recommended
FC process provided for the FC requirements of the IGF- actions related to Fuel Cell
process, shut down of Code applications identified
the FC power system
due to undervoltage, after burner in exhaust
remaining fuel will be gas line: designed to
processed by the after process the highest
burner, no release of amount of fuel expected
fuel out of the exhaust in case of a failure of the
gas line fuel cell (at least the
amount of fuel at
nominal fuel cell load)
RIS TOEZANOBERM | TOtAZ=RIELR MRIEN T OGNS 3 EET7>DEE 1.1.2.1.4-1 IGFI-ROTTEMEM 1 yellow BRI 7 ) —>a>(CRALTE
& BEZRNR W (F 3 TR, BRBHER TS AV FRFEENTY
REMFRES AT AGRE HERHRASA> 0779\~ 7R0)
BECENZIE. FHEBIAREHE 7 BREMOSIEDRS
TI5—\—F—(CLDYEEN [CREENZRAZORNZ
3. BERAZASA > OINDBA IBFBLSICERETENTLD
AR (F7R 0 (DEKEEDTRARE LS
"CORRIE)
1.1.2.1.5 - Afterburner
1.1.2.1.5 - 79-)\—F—
use of the heat from the |no oxygen remaining fuel is 3/failure of the ventilation [1.1.2.1.5-1 |if the presence of 2 yellow Exhaust gas temperature 4 1 yellow
exhaust, burn remaining released to atmosphere system explosive gas behind the afterburner
fuel in the exhaust (flammable) , amount concentration in the should be monitored and
depending on the exhaust can not be shut down to be initiated in
utilisation rate of the FC excluded the exhaust case of reaching limiting
at the actual load shall be arranged as a values
ventilation outlet of a
hazardous zone
redundancy
requirements of the IGF-
Code
BERNS0EEFIA. HEAh | BEsRAL FRERIARIE, ARICHEEN 3 EEAEEOHE 1.1.2.1.5-1 |HERHPICERRELRIHAE 2|yellow PI9—N\—F—LDEOBER AR 4 1 yellow
DT EBIAR Z PRJGE % (AIRM)  2EFEREFET EOHFROF T ZHIRTER REZEERU. SIRMEISELS
DORBIEMOERZRCEST WSS, BEOBREO(FfER BICEMIDENNE
1D BRRETBIENNE
IGFI-ROTTEEZEM
1.1.2.1.6 - heat (energy) recovery
1.1.2.1.6 - # (ILF-) B
external heat recovery |internal leakage leakage of exhaust gas 1|/welding failure, material |1.1.2.1.6-1 1|/green
(various designs into the heating media damage
available) system excluded:
heating media pressure
higher than exhaust gas
system (open system)
SAEBRALIIN (RRA< RERETH | AEDIRE RIS AT WADHERH AD 1BEAR. MROEE 1.1.2.1.6-1 1|/green

FIFEIEE

IWRERRC | BYRAOEN
HERAZSZT LEDER L
(A=T>32F1)
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Function Failure Effect Si (initial severity) Cause Failure ID Control Oi (initial occurrence) |Di (initial detectability) | category Recommended Action Sr (revised severity) | Or (revised occurrence) Dr (revised detectability) category
i 113 il -5 Si (FIHRZIE) RE EID I Oi (#NHASARE) Di (#IHRHEE) bh7aV—- #R/FIS3> Sr (IBIE%ZFZE) Or ({SIE#5ARE) Dr ({EIE#RHEE) hFaYU—
leakage of heating 2 welding failure, material |1.1.2.1.6-2 1 yellow No further recommended
media (gaseous or damage actions related to Fuel Cell
liquid) and release out of! applications identified
the vent mast; no
hazards expected;
reduced energy recovery
EMRR (AR EER 2 BIEAR. MRS 1.1.2.1.6-2 1 yellow RIS 7 ) —2a>ICBL T
1K) DIRNERDRIZAMS0 BRJERT AV (IHFEENTL
B, BRRIEFEIENTLR B0
VY, IRILF—EUROEH
1.1.2.1.7 - exhaust gas line (overpressure)
1.1.2.1.7 - BERAZS1> (BIE)
transport of exhaust gas same as for HTFC see release of exhaust air in 1/mechanical damage, 1.1.2.1.7-1 |ventilation requirements 2 yellow No further recommended
item 1.1.2.1.8: external |the fuel cell power welding failure, untight acc. to IGF Code actions related to Fuel Cell
leakage system space, exhaust connections applications identified
air will be ventilated
HERU 25X S ERRER AR EMFEES 27 AOXHE 1 HEEVIEE. SBIEAR. #E  1.1.2.1.7-1 | IGFI1—ROBKEBHADIE 2|yellow RIS ) —2aICBL T
TOHERZESORH, HERZE AR a BR2JER TSV (IHFEENTL
SUdaRENS AN
external leakage of not further considered, 3 mechanical damage, 1.1.2.1.7-2 |ventilation requirements 1 yellow No further recommended
exhaust gas with only in case of two welding failure, untight acc. to IGF Code actions related to Fuel Cell
flammable content failures (malfunction of connections applications identified
the burner) flammable gas detection
and toxic gas can enter
the exhaust trunk after burner
AIREANBYIESTHERNR S513EREENAVN, 2D 3 HARRVIEES . BIEAR. & (1.1.2.1.7-2 | IGF1- ROBKEBHADE 1 yellow RIS ) —2aICBL T
DIEBIRER OFPE (\—F—0EE) O AR a BRJERT AV (IHFEENTL
HRICOH AIRETHESR 20\
AZNHER NS> IIC A 2 E]RE HRARH]
4
7I5—=I\—=F—
1.1.2.2 - electrical power output conditioning
1.1.2.2 - EHHEHAEE
Conditioning of electrical |short circuit (input side) Short circuit on the Fuel 3/ material failure 1.1.2.2-1 short circuit breaker 1 yellow No further recommended
output of the FC power Cell Power system side actions related to Fuel Cell
system for on-board net does not effect the dielectric strength test applications identified
integration; Protection of downstream power acc. to 62282/3-100
Fuel Cell Power System electronics in terms of provided
against reverse power; damage, global effect
Galvanic isolation from will be the loss of power monitoring of stack
the grid of the related FC stack / voltage
module
shut down of fuel supply
for related FC module
redundancy
requirements of the IGF-
Code
fin EEBEEADEEDHOR | fEiE (A AR EMERS 27 ARITO 3MPAR 1.1.2.2-1 Sa—-~—FyhJL—h— 1 yellow BRI 7 ) —>a>(CRAL T

NBERB 27 AOBSS
NOME; BENTIDH
NBERESRTLAORE,;
Uy RDSOHI TR

FH&1E, FRONT—ILI
OZVRCFEIA-SZ5ZB
N EANREZELL T, B
EIBFCRIYI/EZ1-ID
BONKDNS

62282/3-100(CEHILIHE
MmN EERDSENE

A9V BEDER

BEEIBFCES 1-ILADIA
rHEROELE

IGF-CodeDTTRMEEM

BRBHERT IV IFESN TV
R0
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Function Failure Effect Si (initial severity)  Cause Failure ID | Control Oi (initial occurrence) |Di (initial detectability) | category Recommended Action Sr (revised severity) | Or (revised occurrence) Dr (revised detectability) category
i 113 il -5 Si (FIHRZIE) RE EID 4 Oi (#NHASARE) Di (#IHRHEE) bh7dV—- #|/FIS3> Sr (IBIE%FZE) Or ({SIE#5ARE) Dr ({EIE#IRHEE) hFaV-—
short circuit (internal) High voltage (Grid 4|electrical failure 1.1.2.2-2  |circuit breakers at each 1 yellow Consideration to be given to 3 1 yellow
voltage level) in the Fuel consumer electrical reverse power
Cell Module, High
temperature in the converter designed to
stack, fire possible handle short circuits
=g (MEh) RREDES1-ILOREE 4 BRHIHIE 1.1.2.2-2 |REAOY—FyNIL—H— 1|yellow HFEHADEE 3 1|yellow
(IUYRBELAIL) « 2Dy
JAEE. KK BTREME RIS LIZI> N -4
short circuit (output Fuel Cell System will be 3 electrical failure 1.1.2.2-3 FC system is designed to 1 yellow No further recommended
side) protected, fuel no longer safely handle actions related to Fuel Cell
consumed, hydrogen unconverted fuel gas applications identified
rich gas in exhaust (incl. consideration of
possible (note: only if black out)
system without
afterburner) afterburner design (if
integrated)
if the presence of
explosive and harmful
gas concentration in the
exhaust can not be
excluded (e.g. no
afterburner) the exhaust
shall be arranged as a
ventilation outlet of a
hazardous zone.
g (M) RIS 2T ADMRESN. 3| BRMEE 1.1.2.2-3  |FCSATARKRERRORAA 1 yellow RIS 7 ) —2aICBL T
BRBDSHE N, HER 2B ER(IEIBLI(CERE BRJERT AV (IHFEENTL
FRIOKFRUYFHRANREETD ENTVR(TSVI7INDOER 20\
ajREdE Gk : 799-N\—F— (a=10))
OBVIRTLADBZEDH)
7I9—N\—FOF&Et (#HAHA
FNTLBIHE)
HERHPORFEML - BE LR
REOFENEE CERMEG
‘Wl : 7I5-K—Fh'R
W), HERBfER XD
OEU TR BEENRINERS
20
wrong conversion, e.g. | power grid protected 4|e.g. converter control 1.1.2.2-4 FC control system 1 yellow decentralised grids are to
faulty frequency ship-side at Main Switch failure protected from electrical be designed for load
Board (MSB), FC control faults (e.g. fail safe fluctuations
system might be mode or UPS)
affected; damage to the
fuel cell system possible, MSB electrical protection
(depending on design)
ROl (il : B2/ | XAy FR—R (MSB) 4 61 : >N\—-SHIEHRR 1.1.2.2-4 |FCHIH>RFTLOESHIES 1 yellow IEELI Uy (G, BEEE
) TRE MR/ NMEORE OJr/IlE—JE— I BLINCHET T BENUE

Uy R, FCHIHIS RT AICR7E
5 ZBEIREEN' D, FAHIE
MIAF AR5 2D
aJEeE (GREHCLB)

R (FUPSRE )

MSBOERHIRE

Protection of Fuel Cell
Power System against
reverse power

covered in above

BB T BRRIEMFE
BIATLORE

LECEFNS

Galvanic isolation from
the grid

covered in above
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Function Failure Effect Si (initial severity)  Cause Failure ID | Control Oi (initial occurrence) |Di (initial detectability) | category Recommended Action Sr (revised severity) | Or (revised occurrence) Dr (revised detectability) category
i 113 il -5 Si (FIHRZIE) RE FEID 4 Oi (#NHA%ARE) Di (#IHRHEE) bh7dV— #|/FIS3> Sr (IBIE%ZFZE) Or ({SIE#5ARE) Dr ({EIE#RHEE) hFaV—
JUyRNSOAINZYIiERR | LERICEENS
1.1.2.3 - Net integration
1.1.2.3 - BEHS
Providing required overproduction / same as for other power 1/load changes 1.1.2.3-1 energy buffer systems 1 yellow No further recommended
electrical power from FC |underproduction sources: load actions related to Fuel Cell
power system to the fluctuations to be applications identified
electrical board net considered and covered
by energy buffer
RRIEMFEES 2T ANSE | BRIFE/ BV FE tOEREFE | BEEEZ 1 BEEE) 1.1.2.3-1 | IRLF—-)\WIFPSRTA 1 yellow RIS 7 ) —2aICBL T
S[EEDBIENONLEE D ZREU. HD. IRILF—N\y BRJERT AV (IHFEENTL
s JrThI\=93c¢ 20
too slow reaction to high |will be covered by 1/|failure in buffer system 1.1.2.3-2 buffer system design to 1 yellow Redundancy requirements 3 1|/green
load fluctuation redundancies in buffer cope with slow power for buffer system to be
system (design) dynamics investigated
PMS
buffer system design
requires sufficient
redundancies -> to be
investigated
EEEAEMAORIGELE | N\yIr AT LAOTESETHE 1| \yI7> 27 LOERE 1.1.2.3-2 [{EHRND-H(FZHR (5L 1|yellow NyI7S 2T A\OTTREEHOHR 3 1|green
& (D) IBHONYITFS AT LD BWE
5t
PMS
NyI7S 27 hDFEETHCE +
DRITEENGE->AEN
WE
electrical load sharing Reverse power from the 3/ failure of power 1.1.2.3-3 Power management 1 yellow Consideration to be given to 3 1 yellow
failures in decentralized |grid management system system electrical reveres power
grid
DWIVyRTOBLZERD | JUyRhSOFEES 3IND—EIAINIRAT LD (1.1.2.3-3  NT-XRIANIRTLA 1|yellow FEHADERE 3 1|yellow
BODEE &
1.1.2.4 - Fuel Cell control system
1.1.2.4 - BREMOFIHEE
process control General The Fuel Cell control 1.1.2.4-1 The Fuel Cell control The Fuel Cell control system
system shall be system shall be shall be designed in a way,
designed in a way, that designed in a way, that that the fuel cell power
the fuel cell power the fuel cell power system will be automatically
system will be system will be set in a safe state in case of
automatically set in a automatically set in a an unsafe situation
safe state in case of an safe state in case of an
unsafe situation unsafe situation
Ot —fi% PRIEBOHEIHEER. & 1.1.2.4-1 |BRSEHORIHEEE, Hd PRIEROFHEE L, HIE
BRIMATENFAE LIS BORT, BRAIRNFEAE KT, ERMATRNREULS
NEMERS 2T AN BB Ui E (AR EREIRES 2 BICRNEMERS 2T LANEE)
[CREMIRRE(CRTESND LS TLAN BB [CZRIRREIC H(CZRPIRARICERTEEND LS
([CEETIBENINE RESNDLOCERETIBIE (CEETIBIENNE
NE
external communication |temporary over- or 3|loss of communication [1.1.2.4-2 FC system has internal 1 yellow develop re-connection 3 1 yellow

failure with ship
automation

underproduction;
following the net

link to ship automation

process control (follow
the net) (system must
maintain safe state or
bring itself into a safe
state)

no-communication
alarm

procedure to reconnect to
the ship automation
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Function Failure Effect Si (initial severity) Cause Failure ID | Control Oi (initial occurrence) |Di (initial detectability) | category Recommended Action Sr (revised severity) | Or (revised occurrence) Dr (revised detectability) category
i 113 il -5 Si (FIHRZIE) RE EID I Oi (#NHASARE) Di (#IHRHEE) bh7dV—- #|/FIS3> Sr (IBIE%FZE) Or ({SIE#5ARE) Dr ({EIE#IRHEE) hFaYU—
AeROBEEMLEBLONED | —RRBRI (B RKE, 3 ARRADBEEMEERBADEREY (1.1.2.4-2 ARSI T AICERERS 1 yellow RO BE B EB(CHEERID 3 3 1 yellow
BIEEE BIRICEMR DR OEXHEHNDS (BERISE TeHDFIEEEDHDE
) (CRTLFREBIRE
ZHERFIBN BHETRER
REE(CRATI BENWE)
BETEK(CLDEHR
mismatch of fuel, water |overrun of safety 3/e.g. internal 1.1.2.4-3 certified safety system 1 yellow the safe state of the fuel
and energy production |relevant parameter communication failure or cell power installation has
limits, safety control sensor failure shut down of the system to be defined for all possible
system takes over, hard to a safe state modes of shut down
shut down will be
initiated
BRRL K, IRIVF—EEDS | ZEBHED/SA—FHIBRD 3160 : AEREEREN EEY 1.1.2.4-3  RBEINLLZEEE 1 yellow AR ENFEERROREMIRE
ANYF A=N=3> BEHH 2T H—tikE (& SIS DOIANTHE-RIC
LNBIEHEE \—=RIT7D SATLERRRIREECELE HUTERIDENMNE
Sy TN REIAENS
loss of control system overrun of safety 3/e.g. internal 1.1.2.4-4 | certified safety system 1 yellow the safe state of the fuel
relevant parameter communication failure or cell power installation has
limits, safety control sensor failure shut down of the system to be defined for all possible
system takes over, hard to a safe state modes of shut down
shut down will be
initiated
HIES 27 ADFER ZEEBED)SA—FHIROD 361 : AEREESENEEY 1.1.2.4-4  REINCRZERE 1 yellow R ENFEERROR R RIRAE
A=N=F>, ZEHIHI T a1 (& SPYNMTIZOTRTHE—RIC
LNBIEHE, \=RIT7D SAT L ERRIRE(CF L HWUTERIDIENNE
Sy MU REIAENS
1.1.2.5 - Fuel Cell safety control system
1.1.2.5 - BREMORZEEHIZTA
Control of Fuel Cell General safety control system 1.1.2.5-1 safety control system Safety control system
safety system required acc. to IGF required acc. to IGF required acc. to IGF Code
Code and established Code and established and established rules and
rules and regulations rules and regulations regulations
RREDZEREORIH | —% IGFI—- RRR U ZENTZRR RN 1.1.2.5-1 IGFO—- RRUHE ZENTZHR A IGFOI— RRUHEZENIZARAIEAR
ERBISES U 26 CRENCESURZ2HIH BISESURRZEEIESZT LN
AT LNNE ST IDE WE
1.1.3 - Ventilation system for ESD protected fuel cell spaces
1.1.3 - ESDRESN AN EhELE X B RE
Transport of possible failure of ventilation loss of one safety 3 electrical failure, 1.1.3-1 monitor functioning of 1 yellow No further recommended
leaking gases out of the barrier, controlled shut mechanical damage ventilation system actions related to Fuel Cell
ESD protected fuel cell down initiated: complete applications identified
space to a safe location loss of ventilation not redundancy
expected due to requirements of the IGF-
redundancy Code
requirements
IROBEEEDHINAD. | KOS 1DOZEBREEDTLK, FIfH 3| BRRVEIPE, HARAIEES 1.1.3-1 MREBOKAEZER IS 1 yellow RIS 7 ) —2aICBL T
ESDIRFEESNIARIEINES SNy MI>ORIE : TT BRJIERT AV (IHFEENTL
BEXENSTZERIBFAIADE RUZHCLBERDTER IGFI-ROTTRHEZM 20\
X FER(FFHASNTLRL
1.1.4 - Ventilation system for gas safe fuel cell spaces
1.1.4 - HRZLORRENEEXE
no requirements on loss of ventilation loss of one safety 3 electrical failure, 1.1.4-1 gas interbarrier space 1 yellow No further recommended

ventilation of gas safe
fuel cell space but for
the gas interbarrier
space

barrier, controlled shut
down initiated: complete
loss of ventilation not
expected due to
redundancy
requirements

mechanical damage

needs to be monitored

redundancy
requirements of the IGF-
Code

actions related to Fuel Cell
applications identified
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Function Failure Effect Si (initial severity)  Cause Failure ID | Control Oi (initial occurrence) |Di (initial detectability) | category Recommended Action Sr (revised severity) | Or (revised occurrence) Dr (revised detectability) category
HHE o -5 Si (FIHRZIE) RE EID I Oi (#NHASARE) Di (#IHRHEE) HhFAV—  #ER’FIS3Y Sr ({EIE#FZIE) Or ({SIE#5ARE) Dr ({EIE#RHEE) hFaYU—
HAZEOBMBEMRBX | HK0ER 1DOZLEBREEDTEK, Fil1H 3| EXHVERPE, HARATIRES 1.1.4-1 HRAANYPZR—R(FEERR, 1 yellow BRI 7 ) —>a>(CRAL T
BOHRSUCBI T ZEMH R SN vy M ORE : TT MnE BRBHER T AV FRFEENTY
M HRAANYPZR-R(D REBHCIDBRTOTER 20
WCTREEHN'HD FR(FFHASN TLRL IGFI-ROTTEEZEM
1.1.5 - Onboard enerqgy buffer
1.1.5 - fis EIRILF—/)NWT7
Backup power in case of |Loss of fuel cell power |loss of fuel cell power 3|loss of fuel cell 1.1.5-1 redundancy 1 yellow Redundancy requirements
shut down of the whole |output output, electrical energy installation space in case requirements of the IGF- for buffer system to be
fuel cell power plant is to be provided by of centralized installation Code investigated
other energy converters,
depending on the hybrid decentralised power
concept the energy supply
could be provided by the
energy buffer, in this
case the energy buffer
must be capable to
ensure a minimum
power supply for a
certain time (see SOLAS
requirements)
RREMREETS AN | MBS D 0ER BB S hRONIZ5 3 EPREOSSOMRBIER 1.1.5-1 IGFI-ROTTRHEZMS 1 yellow NyI73 27 ©AOTTREZEHOH
BIELRIBEDN\YITYTE &, BRIRF—([FHhoIx REXEDER BENNE
R A —ZHRERC Lo THEEEN DEELEIR
RIFNUTRSEL
I\ Ty ROISETNCEDT
(& IRIF—NYITPICEoTT
FILF-HiHEEINZEEHD
M CoiBE. IRIVF-Ny
Tr(3—ERER RIKROE
NRHEZ IR TEREDO TRIS
NER5RL (SOLASHER
ESEL e i)
thermal runaway, fire Thermal runaway and 4| internal battery failure |1.1.5-2 temperature switch 1 yellow Functional safety 3 1 yellow
fire requirements for battery
temperature monitoring installation to be considered
BFEE, N EEE MK 4 NEEMOEE 1.1.5-2 SREAYF 1 yellow NyF ) —sHEOHEE TS B % 3 1 yellow
ERIDENUNE
SREER
Accommodate for load |see net integration
fluctuations failure ID 1.1.2.3-2
BEZEBNOMIG BEHAOMEIDL.1.2.3-
228
1.1.6 - Inertgas system
1.1.6 - 1F—MZEE
Inerting of FC Power no inert gas inerting not possible 4|inert gas consumed 1.1.6-1 monitoring of inertgas 1 yellow No further recommended
System storage actions related to Fuel Cell
applications identified
alarm level to be defined
where the inertgas
storage reaches the an
amout, which is suitable
for a last complete
inertign process of the
system
REMFEBESZTLADL | 4F—MIRRL AF—F4 ) RElkE 41— NIZRDHE 1.1.6-1 BFEiENfeA T —MIZDEER 1 yellow RIS ) —2aICBL T
F=F1>Y BRJIERT AV (IHFEENTL

SATLDAF—T4>9TOER
DT T DIzHDEIEE(ICAF—
MIZDETEENELIZED
ERANIEERI DL

20\
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Function Failure Effect Si (initial severity)  Cause Failure ID | Control Oi (initial occurrence) |Di (initial detectability) | category Recommended Action Sr (revised severity) | Or (revised occurrence) Dr (revised detectability) category
i 113 il -5 Si (FIHRZIE) RE IEID 4 Oi (#NHASARE) Di (#IHRRHEE) h7dV—- #R/FIS3> Sr (IBIE%ZFZE) Or ({SIE#5ARE) Dr ({EIE#IRHEE) hFaV-—
1.1.7 - External events
1.1.7 - SAEBART b
External events acting | Fire in FC power fire will be contained in 3/ fuel self ignition, reverse 1.1.7-1 active and passive fire 1 yellow No further recommended
on the Fuel and / or Fuel |installation place space (active and power protection systems acc. actions related to Fuel Cell
Cell Power Installation passive fire protection), to IGF Code applications identified
automatic shut down of requirements
fuel cell by safety
system and shut down safety system with ESD
of fuel system to function
affected space
R/ RIS EFE RRERRERMBTOML | KEEIXBICHUIADHEND 3 RBOBSFN, HEH 1.1.7-1 IGFI- ROBHSES LT 1 yellow RIS 7 ) —2aICBL T
ABICAER I 9MEBAN> b~ (P74 TRV TR D71 T RIS TRBENS R BRJHERT AV (IHFEENTL
X) | BERECLDIRNE Th 20\
HMOBEENSIE. RUFEEZZ
BEREORBEEEOELE ESDHREZBA L BRERE
black-out FC system designed to 3/ e.g. electrical net failure [1.1.7-2 Black-out recovery 1 yellow No further recommended
be fail safe; blackout actions related to Fuel Cell
recovery will be applications identified
considered in ship
design
TS9ITIN T E—JICRBLIICERE 3\ : BIROHE 1.1.7-2 TS9IT7I S OIEIR 1 yellow RIS 7 ) —2aICBL T
SNIERBIENS ZTL; T BRJER TSV (IHFEENTL
Sv779 MH5OEIR (AR D5 20\
FtCEREN
flooding short circuits (nothing 3/e.g. collision 1.1.7-3 same requirements than 1 yellow No further recommended
specific to FC for conventional engine actions related to Fuel Cell
technology), FC system spaces applications identified
will be shut down by the
safety system, electrical redundancy
power supply by other requirements of the IGF-
power system Code
(redundancy)
=K g (RRIEMRICES 345 : E3E 1.1.7-3 TR ORI X ek [FHROE 1 yellow RIS 7 ) —2aICBL T
DEORFRL) | BB 2 % BRJIERT AV (IHFEENTL
TAFEZRREICLNEIES 20\
N AMOBFEEECLSEN IGFI-ROTTRHEZM
fiths (TRME)
blockage of exhaust loss of performance and 3/ blockage of exhaust pipe |1.1.7-4 T monitoring of after 1 yellow Exhaust gas outlet shall be
shut down of fuel cells burner designed in a way, that
due to deviation of blockage by e. g. particles is
process parameters monitoring of fuel cell avoided.
process parameter
HERDEEFD TOCRINSA—ID3RARC LD 3 HFREBEDEED 1.1.7-4 7I9-N—F—DREER 1 yellow BEQUAAEOG, KIFEH(CLBE

RRIEOMEREE T EFIE

BB TR (S-S0
)

LB 3LI(CERETT BN
WE

out of range ambient T
(low T)

freezing at out of range
T could cause damage -
no safety relevant
failures expected

SEESIOIHUE (ER)

SEESIDIRE TORFG(SIE
BESISECIAIREE-ZE
BhEDHIEEFHIZN TV
0
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Function Failure Effect Si (initial severity)  Cause Failure ID | Control Oi (initial occurrence) |Di (initial detectability) | category Recommended Action Sr (revised severity) | Or (revised occurrence) Dr (revised detectability) category
i 113 il -5 Si (FIHRZIE) RE EID 4 Oi (#NHASARE) Di (#IHRHEE) h7dV— #|/FIS3> Sr (IBIE%FZE) Or ({SIE#5ARE) Dr ({EIE#IRHEE) hFaV-—
Fire in Tank hold space: |Covered by No further recommended
containment issue not | requirements of the IGF actions related to Fuel Cell
directly fuel cell related |Code applications identified
AOR—IVRXBETOASL : | IGFI—ROBHHCLDIEE RS 7 )T -3 ICBEL T
AR CEHERRU RV E SRBMERT VAV ERFEENTY
UiAsHORIRE 20
Fire in adjacent rooms |Covered by No further recommended
to tank hold space requirements of the IGF actions related to Fuel Cell
Code applications identified
AOR—IVRXEICHEETD | IGFI—ROBHHCLDIEE RS 7 )T -3 ICBEL T
XETDN K BRAJMERT ISV (ERFEESNTY
20
Fire in fuel preparation |Covered by No further recommended
room requirements of the IGF actions related to Fuel Cell
Code applications identified
IRRAEEETON K IGFI—ROBHICLDIEE RS 7 )T -3 ICREL T
SRJMERT AV ERFEESNTY
20
Fire adjacent to fuel Covered by No further recommended
preparation room requirements of the IGF actions related to Fuel Cell
Code applications identified
AR (CHHE I 2 XEIT IGFI— ROBHHCLDIEE RS 7 )T -3 ICBEL T
DN BRJMERT ISV ERFEESNTY
20
Fire in the vicinity of Covered by No further recommended
distribution line requirements of the IGF actions related to Fuel Cell
(Hydrogen) Code applications identified
HHEBE (KR )HETONK  IGFI-ROBEMHCLDIGE RS 7 )T -3 ICREL T
SRAJMERT VAV ERFEEINTY
20
RoPax specific: Fire on |Covered by 1.1.7-5 Fuel piping routed Fuel piping routed through

car deck or open deck
structural fire protection
acc. to SOLAS and IGF

requirements of the IGF
Code

through the RoRo deck
must be protected
against possible fire

the RoRo deck must be
protected against possible
fire

RoPaxEH : Em@ERY(E | IGF1— ROBHCLDIEE 1.1.7-5 RoRoTYHZBEDARIELE RoROTYHZIBEDARIELE (. N
BARKERMR T DN (& N DBTREENSIRET KOBTEEHENSIRE T DTEN WA
SOLASKRUIGFICEE#LU 2B BIENME =

NABIE

Ship / Ship collision Damage of outer shell, 3/human error 1.1.7-6 distance requirements 1 yellow Distance requirements to
damage of adjacent for fuel piping shall be the outer shell for fuel
systems possible also applied to fuel cell piping shall be also applied

stacks to fuel cell stacks (reduce
collision effects)

fin / AaOEZE MRS BETBEED 3E1-~N>I5— 1.1.7-6 RRBCE OIEREZ(FE, 1R 1 yellow RRIBCE OIMRE COIEREE
B OB]RE REM2IVIICEBAIBL (& BREMRAIYIICEEAYS

ME TEME (BZROREE NS
218)

Shore / Ship collision Damage of outer shell, 3/ human error 1.1.7-7 distance requirements 1 yellow Distance requirements to
damage of adjacent for fuel piping shall be the outer shell for fuel
systems possible also applied to fuel cell piping shall be also applied

stacks to fuel cell stacks (reduce
collision effects)

F /Ma0EizE MRS BHETDEED 3E1-~N>I5— 1.1.7-7 ARIBCE OIEBEZ(F(E, 1R 1 yellow ARIBCE OIMRE COIEREE
EEDOR]REE RNEMRIVIICEBAT DL (& RSB RSy IICEHERT S

e TEME (BZEOF SRR

31zh)
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Function

Failure

Effect

Si (initial severity)

Cause

Failure ID

Control

Oi (initial occurrence)

Di (initial detectability)

category

Recommended Action

Sr (revised severity)

Or (revised occurrence)

Dr (revised detectability)

category

A

s

=g
-5

Si (#NRAZRZAE)

RoPax specific: vehicle
crash

Damage of outer shell,
damage of adjacent
systems possible

FE

HPEID

i

Oi (#NHA%ARE)

Di (#DRARILE)

4

human error

1.1.7-8

h7IV—

#RF7 >3

Sr ({SIERIAE)

Or ({ZIE#%5AE)

Dr ({ZIERIRIHE)

h7IV—

-

yellow

Distance requirements to
the outer shell for fuel
piping shall be also applied
to fuel cell stacks (reduce
collision effects)

Shells of space facing the
car deck where parts of the
Fuel Cell Power Installation
and related fuel storage,
distribution and storage
systems are installed must
be protected against
possible impact of vehicles
or cargo

Fuel piping routed through
the RoRo deck must be
protected against possible
impacts by vehicles or
cargo

2

1

yellow

RoPaxEH : EEmD&EZE

SMRDIES. BiEITZERED
BEORIREE

E1-v>I5-

1.1.7-8

ey

yellow

IRRIBCE OIMRE TOIERIE T

(& RBEMZIYIICHERI S
ENWME (BZROFZEZIERNT
Y ))

BB ERERUEETD
PRRIETT. LG, AR ED—
EINEREEN TV EEM FARICE
IBXEDIMRIS, EEFEY)
DEECVISIEENSREIT DL
g

RoRoTYFZEZMKIELE (F. B2
WX EEYDRDNEZEENS
REITIENNE

ey

yellow

1.2 - Bunkering

1.2 - )\Uh>y

Transport of compressed
Hydrogen form from a
bunker source to the
ships

IGF Code requirements
for bunker station
locations and hazardous
zone definition to be
considered.

2=l

IGF Code requirements
for bunker station
locations and hazardous
zone definition to be
considered.

Hazardous Areas, safety
and security zones are to be
aligned according to the
behaviour and dispersion
characteristics of
Hydrogen(different to
Natural Gas)

For RoPax vessels special
attention to possible impact
on Passengers and vehicle
traffic during bunkering
shall be payed. Safety and
security zones are to be
established. Most credible
release scenarios are to be
analysed according to
possible influence on
passengers, crew and ship;
especially for this ship type
influences on balconies,
cabins, open passenger
decks, open roro-and cargo
decks, passenger bridges as
well as passenger ways and
vehicle routes on terminal
side shall be taken into
account.
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Function Failure Effect Si (initial severity)  Cause Failure ID | Control Oi (initial occurrence) |Di (initial detectability) | category Recommended Action Sr (revised severity) | Or (revised occurrence) Dr (revised detectability) category
HHE for{E -5 Si (FIHFRZIE) RE EID I Oi (#NHA%ARE) Di (#IHRRHEE) HhFAV—  #ERFIS3Y Sr ({EIE#&FLIE) Or ({ZIE#5RE) Dr ({EIE#RHEE) HhFaYU—
NID—Y-ZNBMADKSE |N\H-2AT—23> 0B ELfE 1.2-1 J\OH—-2AF7 - DEELE EIRIGAT, BERMRE XI5
D% PRIZFROEE(CEIIBIGF PRIZFROEE(CEIIBIGF (& KFROZENR U EFIEIC
J-ROBHEEEIZEN J-ROBHEEEIZEN SUCRAZESZENRE (KA
WE WE HREFRRD)
RoPaxfiadizE. N> hU> I
BELEMRIBNORENTIRE
TEICHREBIRERZIASCENINE,
freSa e SRR AV )
MR, REEESNZMES
FUAG, BE. FHE. RUHaA
R EDRREEICIEOTHID
TENE, LT ORRTEICDO T
(& V3= —. BZE. FHRRE
7Y+, BRoRORU'EMTY
F. REIy>, 5—-ZFILAID
MNy>Sv—uT/ RUEmmIL— b
NOFZEEEZRICANDZEN W
=,
Delivery pressure to High pressure detection 3|supply pump failure of |1.2-2 bunker line inlet 1 yellow No further recommended
high and shut down of the bunker source (ship, pressure monitoring actions related to Fuel Cell
bunker line on-board of truck, shore) applications identified
the vessel, shut down of shut off valves in bunker
supply pump line
communication link
between bunker source
and receiving vessel to
be provided
HeENS RO\ H—F1 > DEERR 3> h—-oftax (e by (1.2-2 NoH—24 > AOFEHAEZHY 1 yellow BRI ) —>a(CRAL T

HEBLE, fHERS ToREE

7. FEE) OHHERS IO
[

>

NON=34 >0y bATINL
7

NOh—Y—-REZFANID
fICEEY>IZ1T5cL

SRBHER T IS AVIHRFESNTY
120
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Function Failure Effect Si (initial severity) Cause Failure ID Control Oi (initial occurrence) |Di (initial detectability) | category Recommended Action Sr (revised severity) | Or (revised occurrence) Dr (revised detectability) category
i 113 il -5 Si (FIHRZIE) RE EID I Oi (#NHASARE) Di (#IHRHEE) h7dV— #R/FIS3> Sr (IBIE%FZE) Or ({SIE#5ARE) Dr ({EIE#IRHEE) hFaYU—
External leakage at gas detection and shut 5 material or welding 1.2-3 communication link 3 red Hazardous Areas, safety 4 3 1 yellow

bunker source

down of the bunker
process

failure, untight
connections

between bunker source
and receiving vessel to
be provided

and security zones are to be
established and aligned
according to the behaviour,
dispersion and ignition
characteristics / mechanism
of Hydrogen (different to
Natural Gas)

For RoPax vessels special
attention to possible impact
on Passengers and vehicle
traffic during bunkering
shall be payed. Safety and
security zones are to be
established. Most credible
release scenarios are to be
analysed according to
possible influence on
passengers, crew and ship;
especially for this ship type
influences on balconies,
cabins, open passenger
decks, open roro-and cargo
decks, passenger bridges as
well as passenger ways and
vehicle routes on terminal
side shall be taken into
account.

For LGC special attention
shall be payed to the
primary fuel if it is different
from the cargo. In this case
additional means for
bunkering the primary fuels
are necessary which differ
from the normal cargo
transfer. Additional gas
detection systems, safety
and security zones (e.g. in
case of truck to Ship
bunkering), training and
instruction may be
necessary
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Function

Failure

Effect

Si (initial severity)

Cause

Failure ID

Control

Oi (initial occurrence)

Di (initial detectability)

category

Recommended Action

Sr (revised severity)

Or (revised occurrence)

Dr (revised detectability)

category

A

s

=g
-5

Si (#NRAZRZAE)

Noh—H#HET TOIMEDRR

AZBHNRUN>H—TOER
DfELE

e

HPEID

i

Oi (#NHA%ARE)

Di (#DRARILE)

5

MRTRR, BERR. #i
TR

1.2-3

N H—DftEsERIFERDRY
ORfAEDEIDBIED>IDER
Bt E

h7aV—

#RF7 3>

Sr ({SIERIAE)

Or ({ZIE#%5AE)

Dr ({ZIERIRIHE)

h7IV—

red

IKZRDEE), JLEAL. FENOFFIE-
XNZZALEUT, BRI, =
2 REXIERTE - HEIBE
NMRE (RROREERRED)

RoPaxfiimiz&. \>h> I thom
TR POE MBI TADZE(SFRI
NEBRZIADRINERSR, &7
2RUtFIITV - RB/ET
%0 FICCOMBIT(E, L= —.
FrE> . AT\t Sv—Fy
+. A-F>O0-0-&H—d7v+.
Nwtz>Sv—JUyS, -8
DIEZE B EmAEREAD
R EEERBURINERSIR,

LGCT(&. —RIARINEMERR
3BE. FIOERZIDRENE
BB COBE . —RIARID/N
SH=USI OB, BROEY)
XL FRRPENMOF NG E
E12% o SBNDHRIRKN S ZT s
ZERUVEFIITY-> (B :
RIYIDSRRABADI N> AU D
BE) AT I RGIEEN Y
BLRBGEN DD,

3

1

yellow

External leakage at
transfer system

Release of Hydrogen out
of the transfer system,
detection by loss of
supply pressure, shut
down of the bunker
process

material or welding
failure, untight
connections

1.2-4

surroundings of the
bunker station shall be
designed for the max.
credible leakage scenario

Hazardous zones are to
be defined acc. to IEC
60079

Safety and security
zones are to be
established around the
whole bunker
arrangement

bunker line inlet
pressure monitoring

red

Hazardous Areas, safety
and security zones are to be
established and aligned
according to the behaviour,
dispersion and ignition
characteristics / mechanism
of Hydrogen (different to
Natural Gas)

For RoPax vessels special
attention to possible impact
on Passengers and vehicle
traffic during bunkering
shall be payed. Safety and
security zones are to be
established. Most credible
release scenarios are to be
analysed according to
possible influence on
passengers, crew and ship;
especially for this ship type
influences on balconies,
cabins, open passenger
decks, open roro-and cargo
decks, passenger bridges as
well as passenger ways and
vehicle routes on terminal
side shall be taken into
account.

—

yellow
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Function Failure Effect Si (initial severity)  Cause Failure ID | Control Oi (initial occurrence) |Di (initial detectability) | category  Recommended Action Sr (revised severity) | Or (revised occurrence) |Dr (revised detectability) category
;113 il -5 Si (FIHFRZIE) RE EID I Oi (#NHA%ARE) Di (#IHRRHEE) h7dV—- #R/FIS3> Sr (IBIE%FZE) Or ({ZIE#5RE) Dr ({EIE#RHEE) HhFdYU—
For LGC special attention
shall be payed to the
primary fuel if it is different
from the cargo. In this case
additional means for
bunkering the primary fuels
are necessary which differ
from the normal cargo
transfer. Additional gas
detection systems, safety
and security zones (e.g. in
case of truck to Ship
bunkering), training and
instruction may be
necessary
BIXRIZTINSOINERRE | BXSZT ANSDKZEDL S5 MBIAR, BEAR. #t  (1.2-4 Noh—- 273> 0RFH 1/red IKERDEE), HLEL FENORFE- 4 1 yellow
i HEEHDOIE T ICLBR B (F RAROERETESmRS AN=ZXALITEUT, B, &
H. )\Uh—JOtEx0ELE FUARIBEL TaRETIBIEN 2-REXIFERTE FAEIBL
WE MHE (RARHAEFERRD)
fEb&XiEk(E IEC 60079 (C RoPaxfihdiza. N> hU> I
O TERENZENVE FEPEMIBITADRE(HF5I
WEREIDRINERSRV, &
JOH=TLOSAhERCR 2RUTFIVTV-V%ZRET
2 FIVTV-JZERET %o FEHCCOMBLTIE, JULIZ—,
BENWE FrE> . AT\t Sv—Fy
F. A-T>0-0-&H—TF7v+.
NOD—FA>AOEHOEER Nwtz>Sv—JUyS, -8
DOFRE B EEAREEAD
HEERURINERSR,
LGCT(d, —/RIEERNEERR
3EE. FICEFRZIORENE
BBV, COIFE, —RIARD/N
SH=2 )OS, BEOEY)
XL (EERDENOFERNNE
LB IBNIDHRARFS AT L
BERUEFIVTI-> (il :
NSYINSRRRANDIN> HU> T D
BE) . - I RGIEEN
BERBIGENDD.
Blackout automatic shut down of 3/ failure in ship grid 1.2-5 Valves are fail safe 1 yellow No further recommended
the bunker process closed actions related to Fuel Cell
applications identified
communication link
between bunker source
and receiving vessel to
be provided
TS39ITIN N\Oh—TOEROE EhERT 3 ROy ROEREE 1.2-5 JOVI0I14)0-X 1 yellow RIS ) —2aICBaL T
BRJHER TSV (IHFEENTL
N>h—OfHETEZF AN 20\
lis[BEI SIS e
excessive tensile forces |stretching of transfer 3/wind loads acting on the 1.2-6 Means are to be 1 yellow No further recommended

acting on transfer
system

system, activation of
Emergency release
coupling, activation of
ESD

ship

provided that the bunker
source holds its position
during transfer

Dry break coupling with
ESD function

actions related to Fuel Cell
applications identified
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Function

Failure

Effect

Si (initial severity)

Cause

Failure ID

Control

Oi (initial occurrence)

Di (initial detectability)

category

Recommended Action

Sr (revised severity)

Or (revised occurrence)

Dr (revised detectability)

category

A

s

-5

Si (#NRAZRZAE)

FE

HPEID

i

Oi (#NHA%ARE)

Di (#DRARILE)

h7IV—

#RF7 >3

Sr ({SIERIAE)

Or ({ZIE#%5AE)

Dr ({ZIERIRIHE)

h7aV—

BXIAT AR 5:EE
OEIE]

BX—S 2T LR, B2
U=ZhyFV>%) OfEE). ESD
OIEED

3

HRCIER S BRICL BMEE

1.2-6

Noh—#Eahigghice
DAIBZRIFIBILHDFER
I BN VE

ESDHBENERSATL ANy
PO

ey

yellow

R T —2aV(CRL T

BRBHERET ISV IFESN TV

20

50

with failure ID

12

without failure ID

62

Total

17

from 62 not ranked (with and without ID)

45

from 62 ranked
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