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Why Ammonia?

Ammonia is emerging as a leading contender for decarbonizing the maritime industry due to several strategic advantages:

• Regulatory Alignment: Directly supports IMO MEPC 80 strategies and benefits from the IMO Net-Zero Framework's approval, which includes pricing 

and rewarding mechanisms for sustainable fuels.

• Established Logistics: Boasts a mature global production and transport chain. Approximately 18-20 million tonnes of ammonia are traded annually 

(DNV, 2025), making it suitable for long-distance shipping compared to other low-flashpoint alternatives like LNG, methanol, and hydrogen.

• Operational Efficiency: Offers easier storage solutions than hydrogen, requiring only pressurization or refrigeration rather than ultra-cryogenic conditions.

• Market Momentum: Significant investment is underway, evidenced by 39 ammonia-fuel capable newbuilds ordered as of August 2025.

• Versatile Application: Currently under extensive investigation as a fuel for both internal combustion engines (ICE) and advanced fuel cells.

Growth of ammonia fuel uptake by number of ships (left) and by ship 

type (right) as of August 2025, Source: DNV Maritime Forecast to 2050 

(2025)

https://gamma.app/?utm_source=made-with-gamma
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Regulatory Framework & Obligations

Understanding  the evolving  international reg ulatory landscape is crucial for the decarbonization of ocean - g oing  vessels. Key initiatives and m ilestones from  the International Maritim e O rg anization 

(IMO ) shape the path forward for am m onia bunkering , particularly concerning  port infrastructure and safety requirem ents.

Key Regulatory Developments

• Approval of IMO Net-Zero Framework: A comprehensive approach towards decarbonization, including:

• D evelopm ent of a g lob al fuel stand ard  for m arine fuels.

• Im plem entation of a g lob al econom ic m easure  to  incentivize sustainable practices (IMO , 2025).

Timeline of Ammonia Bunkering Regulations

1February 2025

IMO MSC.1/Circ.1687 (Interim Guidelines adopted) for the safety of ships using ammonia as fuel.

2April 2025 (MEPC 83)

A pproval of am endm ents to  the IGF C ode and S O LA S  C onvention, specifically 

m arine fuel.

3July 2026

IGC Code (para. 16.9.2) lifting the prohibition on using ammonia cargo as fuel officially enters into 

enters into force, paving the way for wider adoption.

The World’s First Use of Ammonia as a Marine Fuel in a Dual-Fuelled Ammonia-Powered

Vessel in the Port of Singapore, Source: MPAS, 2024.

https://gamma.app/?utm_source=made-with-gamma


Research Aim 

• Primary Aim:

 

o To identify the port infrastructure and operational requirements needed to ensure the safe and 

practical bunkering of ammonia-fuelled ocean-going vessels.

• Scope:

o Covers all stages of the bunkering process from pre-arrival to post-departure of the vessel.

• Additional Objective:

 

o To develop structured safety checklists for each stage of the proposed bunkering methods to 

enhance consistency and safety compliance.



preencoded.png

Ammonia Safety Precautions & Controls

Understanding and mitigating potential hazards is crucial for safe operations. Key risks associated with the materials and processes involved include:

• Toxicity

• Corrosiveness

• Vapour dispersion

• Flammability

Occupational Exposure Limits

As defined by the UK Health and Safety Executive:

• Time-Weighted Average (TWA): 25 ppm

• Short-Term Exposure Limit (STEL): 35 ppm, (UK HSE, 2023).

The world’s first ship-to-ship transfer of ammonia using vessels at 

anchorage, Source: www.yara.com, 2024.

https://gamma.app/?utm_source=made-with-gamma
http://www.yara.com/
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Methodology

• Comparative analysis of existing bunkering procedures for marine fuels, biofuels, LNG, and 

methanol.

• Identification of operational challenges and best practices 

• Literature review and regulatory study 

• Reference to LNG bunkering procedures as the closest low-flashpoint analogue, adapting key 

elements for ammonia’s specific properties 

• Integration of policy, operational, and technical perspectives through structured analysis of existing 

standards and IMO guidelines.

• Transformation of regulatory insights into actionable infrastructure requirements,

• Qualitative and quantitative data synthesis from academic literature, industry reports, and 

recognised maritime organisations to ensure technical robustness and applicability.

• Introduced suggestions on the requirements and safety checklists for bunkering

https://gamma.app/?utm_source=made-with-gamma
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Source Selection and Document Review

A critical first step in defining robust safety precautions for ammonia-fuelled vessels involves a thorough and systematic review of existing literature and regulatory frameworks. This process ensures that all 

proposed port infrastructure and operational requirements are informed by the latest research, best practices, and established safety guidelines.

https://gamma.app/?utm_source=made-with-gamma
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Proposed Bunkering Method Categories for Ammonia

Based on a synthesis of current practices and projected infrastructure constraints, three core bunkering methods are proposed for ammonia-fuelled ocean-going vessels:

Unfixed Bunkering

Ship-to-Ship, Bunker Barge-to-Ship, and Offshore Construction

Construction-

-

to

to

-

-

Ship

• Port of Rotterdam STS pilot (Apr 2025)

• Port of Singapore pilot with Fortescue Green Pioneer

• Future off-shore self-driven bunkering stations

Shore-to-Ship

This method involves transferring ammonia directly from a shore

a shore-

-

based facility to the vessel, typically through MLAs and 

MLAs and composite hoses. 

Capsule Transfer

An innovative approach where ammonia is transported using 

using pressurised ISO tank containers transferred via shore

shore-

-

based lifting equipment. This method offers high flexibility, 

based 

flexibility, containment integrity, and independence from pipeline 

pipeline systems.

Proposed Capsule Transfer Method, WriterAmmonia bunkering pilot between two vessels at a terminal in the port of Rotterdam on 12 April, 2025, 
Source: https://www.portofrotterdam.com 

https://gamma.app/?utm_source=made-with-gamma
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Safe Navigation Requirements for Ammonia 

Ammonia Bunkering

Ensuring safe ammonia bunkering operations requires careful attention to several navigational and infrastructural aspects. 

Key considerations include:

• IMO STCW.7/Circ.25 (2025) : Establishes mandatory basic and advanced training for seafarers as well as port sector 

as port sector personnel on alternative fuels.

• Pilotage and Information Exchange Detailed planning and communication are crucial for safe vessel movements.

• Approach Channel and Manoeuvring Conditions Assessing channel suitability and managing vessel manoeuvring are 

manoeuvring are critical for incident prevention.

• Tug Assistance and Support Operations Appropriate tug support ensures precise vessel positioning and safety during 

critical phases.

• Berthing and Mooring Infrastructure Robust infrastructure is paramount for securing vessels safely.

• Energy-absorbing fendering: Essential for mitigating impact during berthing.

• Quick Release Hooks (QRHs): Facilitate rapid unmooring in emergencies.

• Corrosion-resistant mooring points: Ensure long-term integrity and reliability.

• Fendering Systems: Primary & Secondary Fenders The selection and deployment of fendering systems are crucial for 

vessel protection.

• Discrete fenders:

• Continuous fenders

• Longitudinal Space of Fendering Systems Proper spacing is crucial for effective energy absorption and protection.

• Continuous Tension Monitoring and Emergency Alert Systems Real-time monitoring enhances safety and enables 

rapid response to mooring stress.

• Advanced Mooring Technologies Consideration of vacuum mooring or electrically earthed bollards can significantly 

enhance mooring safety and stability during transfer operations.

PIANC(2016), SIGTTO (2021), OCIMF (2018)

https://gamma.app/?utm_source=made-with-gamma
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Bunkering Systems and Operation

Efficient and safe ammonia bunkering relies on robust systems and precise operational protocols. Key components and features include:

Marine Loading Arms (MLAs)

• Equipped with Emergency Release Systems (ERS) and drip-free Quick Connect/Disconnect Couplings (QCDC) for secure and efficient transfer.

• Corrosion-resistant Internal Linings: Essential for handling ammonia and preventing material degradation.

• Vapour Return Lines: Designed to control overpressure during bunkering operations.

• Double-Block-and-Bleed Isolation Valves: Ensures enhanced safety by preventing leakage and ensuring complete isolation.

• Purging and Inerting Connections: Critical for maintaining a safe atmosphere within the system during and after operations.

• Automated Diagnostics and Emergency Override Systems: Provides real-time monitoring and immediate response capabilities to ensure 

to ensure operational safety.

Example of a bunkering system diagram., PIANC (2026)

Composite Hoses

For operations requiring greater flexibility, composite hoses offer distinct advantages:

• Lightweight: Facilitates easier handling and maneuverability.

• High Flexibility: Adaptable to various bunkering configurations and movements.

• Broad Chemical Compatibility: Suitable for safe ammonia transfer, resisting degradation from the chemical properties.

Hoses must meet strict criteria for:

• Chemical resistance (to ammonia’s toxicity and corrosivity)

• Burst pressure and fatigue resistance

• Permeation and static dissipation

Illustration of a composite hose., https://titeflex.com/, (2025)

https://gamma.app/?utm_source=made-with-gamma
https://titeflex.com/
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Emergency Systems & Mitigation

Understand ing  and  im plem enting  robust em erg ency system s are crucial for safe  m aritim e operations, particularly when transporting  novel fuels like am m onia. 

Emergency Navigation Scenarios

To effectively manage potential incidents, several key emergency response components are being developed and integrated:

• Emergency Response Systems (ERS) & Quick Release mechanisms are integrated with Vessel Traffic Services (VTS).

• New water curtain and water circulation jackets are being developed, with KR 2025 approval expected.

• Systems for run-off collection and neutralisation are essential for containing spills.

• Clear alarms and designated muster zones ensure crew and personnel safety during emergencies.

https://www.oshaoutreachcourses.com,(2025)

https://gamma.app/?utm_source=made-with-gamma
https://www.oshaoutreachcourses.com


H ere, the Unfixed  Bunkering  Safety C hecklist is illustrated  as an  exam p le o f  the im p o rtant o utco m es o f  th is  research .

Stage A – Preparation stage

Stage B – Pre-bunkering operation stage

Stage C – Alignment and accord stage

Stage D – Connection testing stage

Stage E – Transfer stage

Stage F – Post-bunkering operation stage

For instance: Stage A1 - Unfixed

Preparation - Compatibility check topics

The list of topics is an unlimited open guidance and 

can be expanded with other topics.
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Research Limitations & Future Directions

This section outlines key limitations encountered during our research and proposes opportunities for further investigation to advance maritime 

decarbonisation efforts.

Limitations Future Research Opportunities

Focused on bunkering interface only End-to-end supply chain analysis

Rotterdam & Singapore pilots can be modelled

National regulations not analysed Regulatory alignment with IMO guidelines

Truck-to-ship excluded

Evaluate role of small-scale/remote port bunkering

CFD dispersion & risk zone modelling

https://gamma.app/?utm_source=made-with-gamma


preencoded.png

Conclusion

The journey towards sustainable maritime operations is gaining momentum, with 

ammonia bunkering emerging as a viable solution. We've seen significant progress in 

moving this critical technology from theoretical discussions to practical implementation.

• Ammonia bunkering has successfully transitioned from a conceptual framework to an 

operational reality within the maritime industry.

• This advancement is underpinned by three crucial developments that together forge 

a structured path for safe and widespread deployment:

• The initiation and successful execution of real-world pilot projects.

• The establishment of comprehensive international guidelines and regulatory 

regulatory frameworks.

• The development and implementation of advanced port readiness tools and 

infrastructure.

https://gamma.app/?utm_source=made-with-gamma
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Thank You for Your Attention

We hope our insights into Maritime Decarbonisation have been informative and thought-provoking.

Questions & Discussion

I welcome your questions, comments, and perspectives on this critical topic.

Contact

Mohammad Mirzaei

Em ail: m m irzaei84@ outlook.com

Feel free to connect for further discussion.
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