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Abstract

The International Maritime Organization has declared its commitment to reducing greenhouse gas
emissions in the maritime sector, leading to a notable surge in orders for low-carbon fueled ships as the
industry seeks cleaner alternatives. Specially, Methanol, recognized for its environmental friendliness, has
emerged as a viable option. Nonetheless, methanol handling and bunkering entail inherent risks, particularly
the threat of leakage because it handles to liquid at ordinary temperature. So, A systematic approach is
utilized to identify and evaluate potential causes and consequences of leakage incidents during methanol
bunkering. The paper establishes scenarios, pinpointing six principal causes of leakage, a significant
precursor to methanol fires, overflow, other harms. Each scenario undergoes meticulous analysis to
comprehend various contributing factors to risk. Results from the risk assessments for each scenario are
presented, providing valuable insights for establishing safety guidelines and procedures for the secure
handling and bunkering of methanol. This study's objective is to perform a qualitative risk assessment of
methanol bunkering on ships, employing the effective bow-tie method renowned for its risk management

effectiveness.
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Most Globally Shipped Chemicals by
Volume (Source: Methanol Institute).
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[Fig. 2] Ship’s Order for Low Carbon Fuels
(Source: Alphaliner).
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[Fig. 3] Dual-Fuel Fuel-Mix in New Building
Contracting (Source: Man Energy Solutions).
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<Table 1> NFPA 704 Standard for Methanol(Source: NFPA)

Hazard Rating Description
Health 1 Exposure could cause irritation but only minor residual injury
Flammability 3 Liquids and solids that can be ignited under almost all ambient conditions.
Reactivity 0 Normally stable, even under fire exposure, and are not reactive with water.
Special - -

<Table 2> Risk Level in Methanol Handling on
Board(Source: DNV GL)

Risk Description
Level P
Zone 0 Exploswe Gas/Atmosphe.re
Continuously or Long Periods
Explosive Gas/Atmosphere Likely to
Zone 1 . .
Occur in Normal Operation
Zone 2 Explosive Gas/Atmosphere Not Likely

to Occur and for a Short Period Only

Bunker

station

— Pressure relief system Double-walled pipe

Zonel Fuel preparation room S
Fuel tank Zone 1 Non-hazardous

Zone 0

@ Engine

Cofferdam

[Fig. 4] Methanol Handling on Board a Container
Ship(Source: DNV GL).
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<Table 3> Procedure for Bow-tie Method

No. Procedure Action

1 Identify Hazard Check Risk Factors

2 Identify Top Event Check the Occurrence Pattern of a Specific Situation

3 Identify Threat Check All Causes that Lead to an Accident

4 Identify Consequence Check All Outcomes Resulting from the Evolution of an Accident
5 Identify Preventive Safeguard Check Each Causes Separately for Prevention

6 Identify Mitigative Safeguard Check Each Causes Separately for Mitigation

7 Identify Escalation Factor Check Factors for Worsen Prevention/Mitigation Measures

8  Identify Escalation Factor Barrier Check Preventive Measures for Factors that Worsen Prevention/Mitigation Measures
9 Identify Task Check Job Duties, Review Procedures, Guidelines

10 Evaluate Risk Verify the Adequacy of the Evaluation

11 Review Periodically Verify Completion Status

- - - - T Consequence
Preventive Barrier Preventive Barrier e' Top Event '= Mitigative Barrier Mitigative Barrier

Escalation Factor

Factor

. =
Escalation Factor

<Table 4> Properties of Methanol(Source: ABS, 2020)

Escalation Factor Escalati
Barrier Barrier

[Fig. 5] Bow-tie Method Diagram.

Chemical Composition Unit Methanol
Lower Heat Value MJ/kg 201
Energy Density MJ/L 15.7
Heat of Vaporization kJ/ kg 1,089
Auto-ignition Temperature T 450
Liquid Density kg/m? 798
Cetane Number - <5
Octane Number - 109
Flash Point T 12
Stoichiometric air/fuel ratio - 6.5
Adiabatic Flame Temperature at 1Bar T 1,980

<Table 5> Emission Reduction Compared to HFO(Source: MAN Energy Solutions, 2021)

Energy Storage Type/Chemical

Emission Reduction Compared to HFO Tier Il [%)]
Structure SO, NO co, PM

Methanol [ CH,OH] (65C) 90~97 30~50 11 90
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100GT within 10 years(Source: AGCS).
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<Table 6> Cause Categories During Methanol Bunkering (Source: EMSA)

No. Cause Description
1 Collision A Collision With a Ship or Other Floating and Fixed Objects/Structures
(e.g. Port Facilities)
) External Tmpact A Drop Object (e.g. from a' Crane) or an. Impact.Durmg Cargo Operations
(e.g. Container, Automobile Loading, etc.)
3 External Fire Flame Impingement and Heat Radiation Caused by Fire from Methanol Storage

Tanks and Equipment, External or Port Facilities.

4 Mechanical Failure

Failure of Equipment due to Wear, Corrosion, Fatigue, Stress, etc. Caused by

Vibration, Cyclic Loading and Heat.

5 Control Failure

Failure of Instrumentation and Process Control that Results in Operation Outside

the Design Intent.

6 Utilities Failure

Loss of Power Supply, Heating, Lighting, and Other Auxiliary Equipment Services
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<Table 7> Level of Likelihood(“L”)

Level Definition
1 Remote — 1 in a Million or Less per Year
2 Extremely Unlikely — Between 1 in a Million and 1 in 100,000 per Year
3 Very Unlikely - Between 1 in 100,000 in 10,000 per Year
4 Unlikely - Between 1 in 10,000 and 1,000 per Year
5 Likely - Between 1 in 1,000 and 1 in 100 per Year

<Table 8> Level of Consequence(“C”)

Level Definition
A Major Injury — Long-Term Disability / Health Effect
B Single Fatality or Multiple Major Injuries - One Death or Multiple Individuals
C Multiple fatalities — Two or More Death
<Table 9> Risk Matrix
Low Likelihood
Middle
High Remot Butremely o Unlikely  Unlikel Likel
igl emote Unlikely ery ely ely ely
Consequence 1 2 3 4 5
Multiple Fatalities C Cl C2 a3 ¢4 ¢S5
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<Table 10> Risk Ranking for Methanol Bunkering

Mero] W o et YT T}

Risk Matrix

No. Threats Consequence L R Safeguards(Preventive Barriers)
Overl 3 o 1. Bunkering Procedure
vertiow B 2. Watchman Duty
.. . 3. Emergency Stop
1 11 F B 3 B3
Collision e 4. Connect to Hose Independently
Harm B 3 B3 5. Select Low Traffic Port N
6. Emergency Response Training
Overflow B 3 B3 1. Crane Procedures
. 2. Terminal Procedures
2 External Impact Fire B 3 B3 3. Permit to Work
Harm B 1 Bl 4. Work Training
Overflow B 1 B1 1. Watchman Duty
2. Fire Fighting Drill
3 External Fire Fire B 1 B1 3. Camera with IR Function
4. CCTV with IR Function
Harm B 1 Bl 5. Inert Gas System
Overflow B 3 B3
. . . 1. I tion, Maint , Evaluation, Repai
4 Mechanical Failure Fire B 1 Bl nsp ec. on al.n eriace, Bvaluation, Bepalt
2. Machinery Design
Harm B 1 Bl
5 Control Failure Overflow B 3 B3 1. Inspectloni Mamt@ance, Evaluation, Repair
2. Control Line Design
1. Inspection, Maintenance, Evaluation, Repair
. . 2. Emergency Generator
6 tilities Fail il B 3 B3
Utilities Failure Overflow 3. UPS Battery
4. Aux. Machinery Design
Human Barriers(®]3} ‘HUM’Z} A& )= A3+ I Zo] Overflow, Fire, Hairm 2.2 2'HE it}
L4d 2RE wErh g9 #HAY v, 744 [Fig. 11]41% Collision, External Impact, External
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<Table 11> List for Barriers Using Bow-tie Method(Source: Shell Global)

Hardware Barriers (HW)

Human Barriers (HUM)

Critical Processes (CP)

e Structural Integrity

* Process Containment

* Mechanical Design

* Ignition Control

* Detection Systems

* Protection Systems

e Shutdown Systems

* Emergency Response

* Life Saving

- Personal Survival Equipment

Procedures

* Operating in accordance with

* Surveillance, Operator Rounds and
Routine Inspection

* Authorisation of Temporary and
Mobile Equipment

* Acceptance of Hand-over or
Restart of Facilities or Equipment

* Response to Process Alarm and
Upset Conditions
Response to Emergencies

e Management of Change
* Permit to Work

¢ Emergency Response

* Emergency Management
¢ Competency Management
¢ Contractor Management
e Design Integrity

* Operating Integrity

e Equipment Isolation

* Technical Integrity

e Wells Integrity

e Security Management

e HSE Compliance

e Integrity Leadership

e Contracting and Procurement
¢ Assurance

* Project Execution

* Incident Investigation

e Learning’s

* Management Systems

e Health

¢ Environment

Human Barrier Critical Process

Hardware
Barrier

Human Barrier Critical Process

Top Event

®)
‘ ‘ ‘ ‘ Consequence
" . Hardware
Critical Process Human Barrier .
Barrier
Critical Process Fuman Barrier

[Fig. 8] Bow-tie Diagram Using Shell Guide.
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