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Executive Summary
The Maritime Technologies Forum (MTF) is a group of flag States and classification 
societies which aims to bridge the gap between technological progress and 
regulatory process. This report provides recommendations to industry stakeholders 
toward safe adoption of alternative fuels onboard ships in line with MTF’s purpose.
Safe operation of alternative fuels such as methanol and ammonia requires sound safety management procedures  
and trained personnel onboard ships. MTF undertook this study which identifies potential gaps to achieve safe maritime 
decarbonisation within three existing Conventions / Codes: The International Safety Management (ISM) Code, 
International Convention on Standards of Training, Certification and Watchkeeping for Seafarers (STCW) and The 
Maritime Labour Convention (MLC); and makes suitable recommendations to close these gaps for future safe use of 
alternative fuels.  

The report also highlights the perceived urgency to close these gaps so that the maritime industry can prioritise where 
they need to channel their limited resources. Finally, the report also identifies barriers that prevent closing and actors  
that help closing these gaps for use of alternative fuels towards a safer decarbonisation.

Summary of identified key gaps and recommendations for closing:

Gap Recommendation for Closing

ISM-1 Uncertainty related to Safety 
Management System requirements 
development and implementation.

The development of a guidance document which can be 
produced by the industry and submitted to the IMO.

ISM-2 Uncertainty related to emergency 
procedure development

IMO may require industry stakeholders to develop a list of 
emergency scenarios, drills and associated guidance.

ISM-3 Uncertainty related to maintenance 
measures

IMO may need to define, potentially based on industry 
proposals, and mandate the inclusion of measures to 
address maintenance of alternative fuel systems within the 
Safety Management System

ISM-4 Lack of familiarity of risks, hazards and 
control measures

All relevant industry stakeholders may need to identify 
training needs, develop training materials and provide 
training

STCW-1 Regulatory uncertainty Industry guidelines for model courses may be developed to 
encourage and support swift regulatory change.

STCW-2 Insufficiencies within model courses Incentivise relevant industry stakeholders to collaborate with 
training providers.

STCW-3 Lack of incentives for training course 
developers

Public and private funding may be provided to training 
course developers.

STCW-4 Inconsistent implementation of training Flag states could review the training materials and audit the 
training providers to ensure consistent delivery in line with the 
IMO model courses. 

MLC-1 Lack of reference to alternative fuels Reference to alternative fuels could be made in Part B of the 
Code and international guidelines.

Note: numbering above indicates perceived urgency to close the identified gaps.

MTF’s review demonstrates that the maritime industry is not ready for the safe adoption at scale of alternative fuels yet. To 
be able to meet the required decarbonisation targets, all industry stakeholders should collaborate towards safe 
adoption of alternative fuels including issues detailed in this report.

MTF would like to emphasise the importance of safety culture in the maritime industry. Safety culture is an organisational 
culture that places a high level of importance on safety beliefs, values, behaviours and attitudes, and is vital for safe 
implementation of alternative fuels onboard ships. Safety culture should be encouraged through Safety Management 
System implementation and onboard health and safety protection and accident prevention programmes, and it will 
reduce the potential health and safety risks which may be caused due to the introduction of alternative and more 
hazardous fuels.
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Introduction and Objective
The Maritime Technologies Forum (MTF) is a group of flag 
States and classification societies which aims to bridge the 
gap between technological progress and regulatory 
process. MTF has been established to provide technical 
and regulatory expertise for the maritime industry. MTF’s 
role is to publish research based on its member’s expertise 
and offer unbiased advice to the maritime industry. The 
current research focuses on the common challenge of 
maritime decarbonisation and the safe adoption of new 
technologies, including alternative fuels.

Alternative fuels1  will be one of the key measures  
to reduce GHG emissions from shipping, and their 
importance will increase with a potential net zero  
emission target for shipping by 2050. The industrywide 
introduction and use of alternative fuels in shipping,  
with some of them more hazardous than conventional 
fuels, will lead to new safety hazards and associated  
risks. These risks can be mitigated by appropriate 
technology and operational ship management, including 
adequate training of the crew and other personnel.

The international public-private alliance “Zero-Emission 
Shipping Mission” highlighted this challenge in their 
recently published industry roadmap [Ref 1] and raised 
safety and operational risk management, addressing 
safety, guidelines, training, and methodologies for 
handling and the storage of new fuels as one of five 
innovation areas. The scale of the training needed to 
support a decarbonised shipping industry was highlighted 
in a recent report commissioned by the Maritime  
Just Transition Task Force Secretariat [Ref 2]. They found 
that there is an immediate need for training seafarers  
and that the pace depends on the decarbonisation 
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pathway. Potentially, up to 750,000 seafarers need  
to be trained by 2050 to operate with alternative fuels.  
A recent industry position paper entitled “Green 
Curriculum” [Ref 3] outlined future crew knowledge and 
skills that need to be acquired and how they might be 
assessed and accredited to a globally accepted and 
consistent standard.

In line with its purpose, MTF explored whether crew and 
ship management personnel are sufficiently enabled to 
manage new risks arising from operating with alternative 
fuels which includes bunkering, onboard storage and 
usage, maintenance and being prepared for possible 
emergency situations. Therefore, this study evaluates 
whether existing regulations are sufficiently detailed and 
can support the acceleration of safe maritime 
decarbonisation: The International Safety Management 
(ISM) Code [Ref 4], International Convention on Standards 
of Training, Certification and Watchkeeping for Seafarers 
(STCW) [Ref 5]; and The Maritime Labour Convention  
(MLC) [Ref 6]. 

This report makes suitable recommendations to close  
these gaps for future safe use of alternative fuels. The 
report also highlights the perceived urgency to close  
these gaps so that the maritime industry can prioritise 
where they need to channel their limited resources. Finally, 
the report also identifies barriers that prevent closing and 
actors that help closing these gaps for use of alternative 
fuels towards a safer decarbonisation.

MTF’s recent work can be found on our website:  
www.maritimetechnologiesforum.com. One recent  
study, for example, focuses on “Fuels evaluation through 
the MTF framework for assessing decarbonisation 
technologies and alternative energy carriers.” 

 
1 In this report, we use the term Alternative Fuels to describe low carbon, carbon neutral and zero carbon fuels.

OPERATIONAL MANAGEMENT TO ACCELERATE SAFE DECARBONIZATION  —  APRIL 2023



ISM Code – Assessment and Findings
The ISM Code [Ref 4] is an international standard that  
is intended to ensure the safe operation of ships, to 
prevent human injury and loss of life at sea, and 
protection of the environment. One of the objectives  
of the ISM Code is to ensure compliance with 
international, national and other requirements and 
recommendations as applicable.  As alternative fuels 
requirements are adopted by the industry, and national 
and international regulations are adopted by 
regulators, shipowners and operators will be required  
to address them through their Safety Management 
System (SMS) to comply with these mandatory 
provisions which then become subject to verification 
through sampling during ISM Code audits. 

The ISM Code is primarily focused on ensuring the safe 
operation of ships and does not directly address design 
requirements, energy efficiency and the reduction of 
emissions from shipping in a comprehensive manner.  
There is a significant reliance on classification and 
statutory certifications to confirm that design of the 
bunkering, storage and processing equipment has 
been verified to meet specified international, national 
and industry requirements and that the equipment  
is fit for the intended service.

The ISM Code can address alternative fuels in several 
ways:

•	SMS: The company, through its SMS, is required to  
identify, assess, and control  all hazards that may arise 
during shipboard operations. The SMS should include 
procedures for the handling, storage, and transfer  
of hazardous fuels, inspection and maintenance of 
equipment, reporting of incidents and accidents  
as well as emergency response procedures in the 
event of a spill or other emergencies involving 
alternative fuels. 

•	Training: The ISM Code requires that crew members 
be properly trained for shipboard operations. Crew 
members who handle alternative fuels must be 
properly trained in the safe handling and storage  
of alternative fuels. This training should include 
information on the properties of fuels, the risks and 
hazards associated with them, and the precautions 
that must be taken to prevent health and safety 
incidents or accidents.  Shipboard personnel 
handling such fuels should be required to obtain 
Statutory training . Additionally, companies should 
establish and provide shipboard training based  
on the equipment and type of fuel being carried  
on board.  

•	Maintenance: The ISM Code requires that the 
shipboard equipment be inspected and properly 
maintained in order to ensure its safe operation. The 
company’s planned maintenance schedule should 
include all equipment used for handling, storage and 
use of alternative fuels to ensure availability and 
reliability.
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•	Emergency response: The ISM Code requires that 
ships have plans and procedures in place for 
responding to all identified hazards and 
emergencies. The company will be expected to 
develop an SMS procedure which includes hazards 
and emergency situations involving alternative fuels.  

Therefore, the ISM Code already has the framework for 
safe handling of hazardous fuels from the perspective 
of safety and pollution prevention. Provided that the 
equipment for handling, processing and storage of  
such fuels is certified as meeting all classification and  
statutory requirements when installed, the following  
SMS enhancements/mitigating measures should be 
implemented:

1)	 An additional risk assessment carried out by the 
company must identify and assess all hazards posed 
by these fuels. Once these hazards are assessed, 
the SMS must be updated to include necessary 
measures to control identified risks, mitigate 
consequences of an unexpected event, and 
prevention measures as applicable.  This includes 
establishing inspection and maintenance schedules 
and development of emergency response plans. 

2)	 Crew must be certified as per national and 
international requirements (when developed). 
Additionally, the crew must be trained in the new  
risks and SMS procedures to control/mitigate such  
risks. Drills should be carried out to ensure that the 
emergency response plans are understood and  
the crew is prepared for any emergency situation  
at all times.

3)	 Internal audits and periodic reviews should be  
carried out to confirm that the crew is adequately 
trained and familiar with the SMS procedures for 
handling alternative fuels and that the SMS has  
been implemented effectively.

MTF has identified some gaps in relation to alternative 
fuels and ISM Code’s implementation which are 
detailed in Table 1 below. For each gap, a description  
is provided, listed in the form of perceived urgency  
to close. Perceived urgency should not be seen as  
level of importance as they all lead to safe onboard 
operation.  However, their adoption may need to  
follow a sequence (and the limitation in resource to 
deliver the results) hence they are numbered as 
perceived urgency to close. The table also outlines 
pathways to address and close the gaps. It is noted 
that there may be other pathways to close the gaps; 
however, MTF believes that these recommendations  
will lead to a smooth and effective transition to safe 
decarbonisation. Finally, the table presents actors  
that help closing the gaps; and barriers that limit  
or prevent them being closed. Understanding  
these actors and barriers are helpful to achieve  
a smooth and accelerated transition to safe 
decarbonisation. These actors listed might help 
 industry stakeholders to collaborate and achieve  
safe decarbonisation.
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STCW – Assessment and Findings
The International Convention on Standards of Training, 
Certification and Watchkeeping for Seafarers 1978 (STCW) 
as amended [Ref 5] provides minimum standards for 
training and certification of seafarers.  The last 
comprehensive review of the STCW was started in 2006 
and adopted in 2010 which demonstrates the long time 
required to undertake such a review. During this review, 
there were no discussions on the implications of 
alternative fuels onboard ships. However, a model course 
on handling of fuels subject to the International Code of 
Safety for Ship Using Gases or Other Low-flashpoint Fuels 
(IGF Code) [Ref 7] has been developed, adopted and is 
effective since 1 January 2017.

Unfortunately, a scheduled comprehensive review was 
postponed during 2020 due to the COVID pandemic.   
In the year 2023, a working group for the comprehensive 
review of the Convention and Code was formed  
and a newly formed correspondence group under the 
Sub-Committee on Human element, Training and 
Watchkeeping (HTW 9) [Ref 8] was tasked to develop a 
roadmap; and identify relevant items for consideration  
in the comprehensive review.  Onboard usage of 
alternative fuels is identified as one of the areas which is to  
be reviewed under this comprehensive review.  This 
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revision is likely to bring the Convention and Code up 
to date with developments regarding alternative fuels 
and latest technologies by 2028.  It is expected that 
IMO may task relevant stakeholders for the 
development of model courses for alternative fuels.

MTF has identified some gaps in relation to alternative 
fuels and STCW which are detailed in Table 2 below.  
For each gap, a description is provided, listed in the 
form of perceived urgency to close. Perceived 
urgency should not be seen as level of importance as 
they all lead to safe onboard operation. However, 
their adoption may need to follow a sequence (and 
the limitation in resource to deliver the results) hence 
they are numbered as perceived urgency to close. 
The table also outlines pathways to address and close 
the gaps. It is noted that there may be other pathways 
to close the gaps; however, MTF believes that these 
recommendations will lead to a smooth and effective 
transition to safe decarbonisation. Finally, the table 
presents actors that help closing the gaps; and 
barriers that limit or prevent them being closed. 
Understanding these actors and barriers are helpful to 
achieve a smooth and accelerated transition to safe 
decarbonisation. These actors listed might help 
industry stakeholders to collaborate and achieve safe 
decarbonisation.
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MLC – Assessment and Findings
The Maritime Labour Convention (MLC) 2006 [Ref 6], establishes minimum requirements for working and living conditions 
for seafarers. MLC is an international requirement which applies to all ships regardless of their trading areas (as long as the 
relevant flag State Administrations have ratified the Convention).  

ISM and STCW only applies to ships trading in international waters and, therefore, including reference to alternative fuels 
within the MLC is vital, as impacting working and living conditions of seafarers also in national waters. One other way MLC 
differs from ISM and STCW it how it places the responsibility on the flag state to develop or adopt relevant health and safety 
protection legislations to fulfil MLC objectives.

MTF has identified one gap in relation to alternative fuels and MLC which is detailed in Table 3 below.  For this gap, a de-
scription and a pathway to address and close it is provided. It is noted that there may be other pathways to close the gap; 
however, MTF believes that this recommendation will lead to a smooth and effective transition to safe decarbonisation. 
Finally, the table presents actors that help with closing the gap; and barriers that limit or prevent the closing of gaps. Un-
derstanding these actors and barriers are helpful to achieve a smooth and accelerated transition to safe decarbonisation. 
These actors listed might help industry stakeholders to collaborate and achieve safe decarbonisation.

Table 3: Summary of identified gap and recommendation for closing

Gap Description Recommendation Actors Barriers

MLC-1: Lack of 
reference to 
alternative 
fuels

Currently, MLC and 
international 
guidelines referred to 
therein do not 
address alternative 
fuels which may lead 
to certain health and 
safety considerations 
being overlooked by 
member States. 

Reference to 
alternative fuels 
could be made in 
Part B of the Code 
and international 
guidelines which will 
ensure that the 
member States will 
address the relevant 
requirements in their 
national legislation.

Flag States, seafarers’ 
organisations and 
shipowners forum 
could make 
submissions to special 
tripartite committee 
to include references 
of risks posed by 
alternative fuels to 
the seafarers working 
and living conditions.

Working with the 
International Labour 
Organization 
convention (ILO) 
tripartite structure*.

•	The tripartite structure provides management and labour, a status equal to that of representatives of governments in 
the ILO. This principle aimed at inspiring confidence among workers’ and employers’ representatives and associating 
them with governmental action in order to achieve and maintain social peace.
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Conclusions and Future Work
The assessment of ISM, STCW and MLC regulations reported herein highlights critical gaps that exist related to safely 
operating alternative fuels that need to and can be closed to accelerate a safe maritime decarbonisation. These gaps 
relate to safety management, crew training and safety culture. 

IMO and industry need to collaborate to close the identified gaps. In several areas, industry including MTF can take  
a lead to provide regulators with appropriate proposals on how the gaps can be closed. This will help to achieve the 
necessary acceleration in the process of closing the gaps.

MTF would like to emphasise the importance of safety culture in the maritime industry. Safety culture is an organisational 
culture that places a high level of importance on safety beliefs, values, behaviours and attributes and is vital for safe 
implementation of alternative fuels onboard ships. Safety culture should be encouraged through SMS implementation, 
onboard health and safety protection and accident prevention programmes, which will reduce the potential health  
and safety risks which may be caused due to the introduction of alternative and more hazardous fuels.

This report provides recommendations to all industry stakeholders towards safe operational management of alternative 
fuels onboard ships. The key findings in relation to the three regulations that are discussed in this report, may be listed  
as below:

ISM STCW MLC

Identification of hazards and risks 
from operation of alternative fuels is 
essential for the development and 
implementation of the safety 
management system, emergency 
procedures and related 
maintenance activities.

Industry collaboration is needed to 
address current regulatory 
uncertainties, insufficiencies within 
model courses and inconsistent 
implementation of training. 
Considering the need for funding 
the future training course 
development and delivery, a 
fraction of future revenues from 
market-based measures might be 
earmarked appropriately.

Reference to alternative fuels could 
be made in Part B of the Code and 
international guidelines which will 
ensure that the member States will 
address the relevant requirements in 
their national legislation.
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