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A Study on Risk Assessment using What-If Method for Ammonia Fueled Ship

Jae-Hoon JEEY

TMokpo National Maritime University(professor)

Abstract

In accordance with

the Resolution Res.MEPC.304(72) of the Maritime Environmental

Protection

Committee of the International Maritime Organization April 2018, The ‘IMO Greenhouse Gas Reduction
Initial Strategy’ report on greenhouse gas emission reduction was adopted, which is to support the Paris
Agreement concluded in 2015, and shows IMO's strong will to reduce greenhouse gas emissions in the
shipping sector. It is somewhat unreasonable to use ammonia fuel as fuel for ships right away. In order to
use gas fuel in ships, the IGF Code should include the safety design regulations for the fuel, but the
related regulations have not been included so far, and the risk of ammonia is higher than that of hydrogen,
so careful analysis of risk factors is required. should be included A total of 28 risk factors could be
identified for the 5 nodes, and among the 28 risk factors, 9 were rated as ‘Acceptable’ and 13 were rated
as ‘ALARP’. The ‘number of unacceptable’ risk levels was analyzed as 6. In general, it can be seen that
design and equipment introduction have been made to reduce the risk for ammonia fuel-propelled ships, but

it can be seen that unacceptable risk still exists.
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<Table 1> Key short/medium/long-term measures suggested in IMO initial strategy

candidate measures Lists

Early introduction of EEDI reduction targets for new shipbuilding energy efficiency
improvement and setting of additional reduction targets

Shot-terms measures  Existing ship design energy efficiency(EEXI) regulation and operational efficiency
rating system(CII) implemented from 2023

Adoption of life cycle evaluation guidelines for ship fuel (LCA Guideline)

Middle-terms WtW-based ship fuel oil regulation (GFS)
measures Market-based measures(MBM) such as emissions trading scheme/carbon tax
Long-terms Promote the development and supply of carbon-free or non-fossil fuels
measures Discovery of new innovative reduction measures
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[Fig. 3] Analysis of CII rating of ships flagged
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[Fig. 4] Analysis of CII rating of BBCHP ships
(source:KMI).
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<Table 2> Physical property of ammonia

(source:ABS)
Ammonia Property Value
Energy density(MJ/L) 12.7
Latent heat of
188
vaporization(MJ/kg)
Heat of vaporization(kJ/kg) 1,371
Autoignition temperature(C) 651
Min. ignition energy(mlJ) 680
Liquid density(kg/m®) 600
Melting point(TC) =777
Boiling point at 1bar(C) -33.6
Flammable range in dry air(%) 15.15~ 27.35
Critical temperature(C) 132.25

Critical pressure(bar) 113
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<Table 3> Ammonia acute exposure guideline levels-standards and guidelines (source:ABS)

Guideline 10min 30min Thour 4hour 8hour
AEGL-1 30ppm 30ppm 30ppm 30ppm 30ppm
AEGL-2 220ppm 220ppm 160ppm 110ppm 110ppm
AEGL-3 2,700ppm 1,600ppm 1,100ppm 550ppm 390ppm
AEGL-1 : it is predicted that the general population including susceptible individuals could experience

notable discomfort irritation or certain asymptomatic non-sensory effects.

AEGL-2 :

it is predicted that the general population including susceptible individuals could experience

irreversible or other serious long-lasting adverse health effects or an impaired ability to escape

AEGL-3 :
life-threatening health effects or death

<Table 4> Process of what-if analysis

it is predicted that the general population including susceptible individuals could experience

Prii):;ss What if? Answer Likelihood Severity Recommendations
What could go What would Wh:éow‘tlllth\é:v; “
Analysis wa g happen if it How likely? Consequences . Y
wrong? did? again-prevent and
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Al et stetA sde e ¢ vk well = ofoF FTKKim et al, 2022).
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<Table 5> Risk acceptance criteria

x| &Y

ol

Consequence
Unacceptable Cl C2 C3 C4 C5
ALARP Minor Minor One 2-10 11+
Acceptable Injury Injury fatality or  Fatalities  Fatalities
multiple
major
inure
Extremely
< -
L7 Likely 100 to 10-1
Very =10-1 to
L6 Likely 10-2
. <10-2 to
LS  Likely 10-3
<10-
Likelihood L4 Unlikely 103 10
10-4
<10-
3 Vfary =10-4 to
Unlikely 10-5
L2 Extremely =10-5 to
Unlikely 10-6
L1  Remote =10-6
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<Table 6> Risk scenarios of ammonia fueled ship

Scenario lists

1 Risk of loss of ship seaworthiness at sea

2 Risk of danger of excessive moment of ship at sea

3 Risk of danger of loss of power at sea

4 Risk of excessive trim and list effects at sea and in ports

5 Risk of dangers of being assisted by tugboats at sea or in port

6  Risk of ship grounding during operation, which can affect the ship’s fuel tanks and related systems

7  Hazards of vessel collisions that may affect the vessel’s fuel tanks

8 Risk of vessel operation management due to improperly trained crew turnover

9  Risk of ship operation management from new crew members with low familiarity after delivery

10 Risk of vessel collisions that may affect the vessel’s fuel tanks

11 Risk of vessel operation management due to improperly trained crew turnover

12 Risk of ship operation management from new crew members with low familiarity after delivery

13 Risk that an employee not managed by the ship operating company(unauthorized employee) can board
and operate the ship

14 Risk of inadequate facilities, equipment, layout, etc. at bunkering stations

15 Risk of excessive moment in the supply vessel and the supply vessel in the process of receiving fuel

<Table 7> Indicative comparison of HAZID risk rankings for ‘navigation’ node as ammonia fueled ship

Risk matrix
Node What if questions Causes Consequence and
effect ‘C’ level ‘L’ level R
. i Grounding C1 L4
LOSS. ° Propu sion Collision Cl L4
maneuverability at sea  Power Failure
Excess motions Cl L5
Ship’s Black out at Engines failure building-up in 3 L2
sea tank pressure
Ballasting gas po?ket 3 2
. . status error formation
Excessive trim/list P :
. . liquid fuel coming
Navigation develops at sea or in grounding from vent mast C5 L3
port o ;
collision liquid fuel coming s 3
from vent mast
. ignition Cl L1
Requirement for tug fuel supply up damage pipe Cl L2
support attendance at . :
. lift exposure toxic
sea or in port C3 L2
fumes
Vessel needs loss of fuel tank pressure cl L1
to be abandoned tank pressure build up
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AR 3 ol9ld
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w TS TE <Table 9>+ AU ©]9]9] ¢
EE 74 BANA A5 ‘External event’ =5
RS, <Table 10> PEUol AR
FRwE At gEvel ARE FEHE A
Atol o] el A E4] ‘Bunkering’ w=ER -8}
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preparation, supply and monitoring

At

>

<Table 8> Indicative comparison of HAZID risk rankings for ‘ship operations other than bunkering’ node

as ammonia fueled ship

. . Consequence and Risk matrix
Node What if Questions Causes q
effect ‘C’ level ‘L’ level R
cargo operations operational damage equipment 3 Ls
required in fuel tanks requirements and vent mast
operational informed crew
crew change P . . C1 L1
) requirement taking over
ship
operations completely new crew .
. informed crew
other than after crew unfamiliar . C2 LS
. taking over
bunkering vessel hand-over
inadvertently
personnel electric otential ignition
not managed by the . P et C2 L4
., equipment source
ship’s operator
managed

<Table 9> Indicative comparison of HAZID risk rankings for ‘external events’ node as ammonia fueled ship

Consequence and Risk matrix

Node What if questions Causes
effect ‘C’ level ‘L’ level R
loss containment C5 L1
External ship collision in
hull damaged tank pressure Cl L2
events fuel tanks
ignition source C3 L2
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<Table 10> Indicative comparison of HAZID risk rankings for ‘bunkering’ node as ammonia fueled ship

) ) C d Risk matrix
Node What if Questions Causes onsequence an
effect ‘C’ level ‘L’ level R
Misalignment of the mooring line hoses and @ L4
bunkering stations tension coupling tension
excessive motions weather ho‘ses and‘ C2 L4
coupling tension
i t level
1ncorrec' ve leakage/overflow C5 L3
readings
loss of control at sea BOG
. venting C3 L2
Bunkering management
overflow IOS.S of Cs L3
containment
couplin loss of
leakage/loss of ping . 3 L3
) leakages containment
containment
incompatible damaged
flan : . equipment/vent C3 L3
ge yp mast

<Table 11> Indicative comparison of HAZID risk
node as ammonia fueled ship

rankings for ‘fuel preparation, supply and monitoring’

Risk matrix
Node What if questions Causes Consequence and
effect ‘C> level. ‘L’ level R
Fuel power automated 1 L4
reparation. shut-down shut-down
P ! loss of control
supply and . automated
monitoring sensor failure shut-down Cl L4
VoA = ‘ALARP’ 9185302 #g¥ = 137]0]0,
== ‘Unacceptable’ ¢G5 wo® I4H F&= 6=
obd MY AT Ao oryel oz wAHUT AR gEUel dx F Adute]
2 Aue] digt SRR ¥AS s8] whaelr  Tete] SIS WE S1g A @ A £
IS ol gale] gzt Ad 1w o ez < olFoREE & F oy, d8E F e
IS =28 5 gtk s7H w=o) disk A8l o] EATE < 4 slth
of 74719 PAA 2 APEE S Ave ofefet 382 F 1= F19RIA ‘Unacceptable’
[Fig. 8]°llA] [Fig. 12]7k4] B.olF a1 glth o] 671 @&ol tiste] AFEE w57 A Il
5714 wEo diste] F 28709 ABAAF A AAREel mEEolok shal, A AR Al A
Wal 2 9oy, 28709 ol Zo)x Aol wkdste] HFE Adubdze] o AA7E &
‘Acceptable’ B SFOo 7 WAH 4= grjoly,  AFHEE okl e7HA FES A jAe
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[Fig. 8] Result of HAZID(what-if analysis) for
ammonia fueled ship on “navigation”
node.
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[Fig. 9] Result of HAZID(what-if analysis) for
ammonia fueled ship on “ship operations
other than bunkering” node.
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[Fig. 10] Result of HAZID(what-if analysis) for
ammonia fueled ship on “external
events” node
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[Fig. 11] Result of HAZID(what-if analysis) for
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ammonia fueled “external

events” node.
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[Fig. 12] Result of HAZID(what-if analysis) for

ammonia fueled ship on “fuel preparation,
supply and monitoring” node.
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