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Abstract @ 4s part of the International Maritime Organization efforts to reduce greenhouse gas emissions, the maritime industry is exploring low-carbon
fuels such as liquefied natural gas and methanol, as well as zero-carbon fuels such as hydrogen and ammonia, evaluating them as environmentally
friendly alternatives. Particularly, ammonia has substantial operational experience as cargo on transport ships, and ammonia ship engines are expected
to be available in the second half of 2024, making it relatively accessible for commercial use. However, overcoming the toxicity challenges associated
with using ammonia as a fuel is imperative. Detection is possible at levels as low as 5 ppm through olfactory senses, and exposure to concentrations
exceeding 300 ppm for more than 30 min can result in irreparable harm. Using the KORA program provided by the Chemical Safety Agency, an
assessment of the potential risks arising from leaks during ammonia bunkering was conducted. A 1-min leak could lead to a 5 ppm impact within a
radius of approximately 7.5 km, affecting key areas in Busan, a major city. Furthermore, the potentially lethal concentration of 300 ppm could have
severe consequences in densely populated areas and schools near the bunkering site. Therefore, given the absence of regulations related to ammonia
bunkering, the potential for widespread toxicity from even minor leaks highlights the requirement for the development of legislation. Establishing an
integrated system involving local governments, fire departments, and environmental agencies is crucial for addressing the potential impacts and ensuring

the safety of ammonia bunkering operations.
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Table 1. Summary of toxic effects following acute exposure to

ammonia by inhalation (Republic of Korea, 2023)

exposure Si d .
ign and s oms
mg/m3 — en ymp!
3.5 5 Human can smell
35 50 irritation to eyes, nose and throat
(2 hours’ exposure)
70 100 Ra.pld. eye and respiratory tract
irritation
174 250 T(.)lerabl,e by most people (30-60
minutes’ exposure)
300 431 St1mplat10n of the upper
respiratory tract
488 700 Immediately irritating to eyes and
throat
~1045 ~150 Pulmonary oedema, coughing,
laryngospasm
1,740-3,134  2,500-4,500  Fatal (30 minutes’ exposure)
Rapidly fatal due to airway
3,480-6,965  5,000-10,000 obstruction, may also cause skin

damage

Table 2. Occupational exposure limit of Ammonia (Republic of
Korea, 2023)

Administration

Country of Toxicity Standard Value
Korea MOEL PEL 50ppm
TWA 25ppm(8h)
ACCGIH TLV STEL 35ppm
Celling 50ppm
UsA TWAgZSI?;)IIl)q(IOh)
NIOSH RELs STEL 35ppm
OSHA PEL TWA 25ppm(8h)
UK HSE WEL 20ppm
Minstry of
JAPAN Health CL 25ppm
CANADA  ESDC&ECCC WHMIS 25ppm
BMAS 25ppm
GERMANY MAK Excursion  75ppm(under 3min)
limit 125ppm
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Table 4. Bunkering Condition (Yang, 2023)

oh opebd Rge) $xe Bunkering .
Aekar AElol Auke] 23 kwujol WY Auto] At Condition
T HARE o sleR Thgsal. Temp & -33.4°C, atmospheric pressure
Pressure
3.2 HAE CfA Mut Connection 8” pipeline(Flange), 40m long
H A= B A 550 Aoto] Jps3l v1A & Leak time Case.1 60 sec (ESD systmes et al)
27191 sukdwtid Al 4300 teuid AAEO]U] AuH(54,344 Case.2 10 min
awps olg Ao Agsiglon A Table 33k gk BeERE S 20000
Table 3. Ship’s Particulars (Capital Exeuctive, 2023) Tillflléipsagﬂy 18352 m
Ship’s spec Value
LOA 260.32 m
Breadth 32 m
Draught(design) 192 m
Deadweight 54,344 MT
Main Engine MAN 8K60MC-C i
MCR 36,560 kW
NCR 24,408 kW
SFPC 177 g/kWh Temina! Seavater
F.O TANK abt 6,200 m3 (HFO)
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Fig. 1. Bunkering condition.

Fig. 2. PFD of Fully refrigerated ammonia bunkering.
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Fig. 3. PFD of Fully compressed ammonia bunkering.
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Table 5. Input data for using KORA (Kim, 2023)

Analysis Factor Input data

Submission and Facility, Factory

description cirteria

Judgment of criteria

Position

Weather Condition

Analysis of Accident

effect Scenario

Information of Surrounding
enviroment

Management of Scenario
Risk Analysis

Risk Analysis

General information

Harmful Chemical Substance

Basic Information

Processing and General of Facility

Facility information

Fixed Risk monitoring system

Environment

Assessment Result of Judgment

GH G AnE Fa P AY Qe FL FE G e
1 53% 49T @S AHeag

o, o] Az VA TR BFAHE(ASOS, Automated
Synoptic Observing System)& 7| HFO. 2 Table 63} o] AH&3}

2 THKMA, 2023).

Table 6. Climate data (KMA, 2023)

Avera Average Most Average

Month ;/emge Relative frequent wind

© (euc)p humidity wind speed

%) direction (m/s)
Jan 4.0 41 W 2.8
Feb 3.6 44 4 33
Mar 10.5 65 NE 34
Api 14.9 o4 NE 33
May 19 60 S 32
Jun 21.7 84 SwW 43
July 26.2 84 S 2.6
Aug 26.4 81 S 3.7
Sep 229 76 NE 3.0
Oct 17.6 64 NE 3.1
Nov 14.4 57 NE 2.7
Dec 33 44 N\ 33
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Table 7. Toxicity effect Area (1 min)

Toxicity Toxicity effect Area
5 ppm 7,545.7m

25 ppm 2722.1m

300 ppm 3932 m

Fig. 5. Hazard area of 300 ppm at 1 min Leak.
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Table 8. Toxicity effect Area (Ref type, 10min)

Toxicity Toxicity effect Area
5 ppm 10,000.0 m

25 ppm 3035.5 m

300 ppm 1796.4 m

Fig. 6. Hazard area of 300ppm at 10 min Leak.
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Fig. 7. Hazard area of Sppm at 10 min Leak.
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