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Preface
The challenge of maritime decarbonisation is not that it is happening, but that it is happening so quickly. 

The evolution of sail to its heyday of the great tea clippers took centuries, and the transition 
to coal-powered steam ships was driven by greater supply chain mobility and speed. The arrival 
of diesel-fuelled engines led to a new type of vessel propulsion, but took nearly a hundred years 
to emerge. Each shift had a dramatic impact on the cost, speed and efficiency of shipping.

The energy transition the maritime industry faces today is distinct from those earlier evolutions. 
It is not driven by technological advances or economics, but by an environmental imperative – 
increasingly underscored by social pressure, policy and regulatory demands to  
reduce emissions.

Decisions are being made today without clear market certainty, but in the knowledge that 
regulations rather than economics will push forward change. In this context, shipowners, 
charterers, insurers, financial markets and technology suppliers are seeking a better 
understanding of where the industry is heading.

Lloyd’s Register is committed to providing trusted advice and leading the maritime 
industry safely and sustainably through the energy transition. Our new Fuel for Thought  
series puts decarbonisation options under the spotlight, analysing policy developments, 
market trends, supply and demand mechanics and safety implications. 

Each edition focuses on a specific fuel or technology, creating a reference point for the 
industry to overcome upcoming challenges as it faces the next great shift in ship propulsion.

This first Fuel for Thought focuses on methanol, a regularly produced chemical and fuel that is moving 
towards green production, providing one possible answer to the challenges faced by owners and operators. 

Future editions of the Fuel for Thought series will examine ammonia, biofuels, carbon capture technologies, nuclear power, hydrogen, 
battery and electric power and the transition of LNG.

Preface
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Behind its high degree of acceptance by shipowners, lies years of work to prove and 
improve on the concept of methanol as a marine fuel.

The decision by more and more leading shipping 
companies to adopt methanol as fuel is a signal.  
It shows that the industry recognises the need to  
start its transition to net zero now, first lowering 
carbon and progressively achieving net carbon 
neutral operations. 

If investment decisions are delayed in the hope  
that yet unavailable fuels will emerge quickly  
then the industry will find itself in no better place. 
Indeed, emissions will likely rise while the transition  
will be further delayed.

Shipowners are recognising that methanol provides 
them with flexibility in introducing a low-pollution, 
lower carbon fuel which is closest to a drop-in 
available in the market. This means lower upfront 
capex and opex costs compared with the current  
fuel choices. 

Methanol supports compliance towards the IMO’s 
2030 carbon emission reduction target  
and critically provides a pathway towards net carbon 
neutral operations. 

The Methanol Institute (MI) believes this will be a 
phased transition, requiring significant levels of 
collaboration and application of fuel, technology, 
infrastructure and people across the supply chain. 
MI believes we will need to leverage conventional 
lower carbon marine fuels to meet current and 
proposed IMO carbon intensity targets and net 
carbon neutral shipping operations. This includes 
biofuels, intermediate blue and ultimately renewable 
green fuels, together with carbon capture technology.

Introduction from the Methanol Institute (Chris Chatterton, Chief Operating Officer, The Methanol Institute)

1.1

Chapter 1: 
Introduction

1  |  Introduction
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Methanol fact file What is it? CH3OH 

Methanol, also called methyl alcohol, is a light, volatile, colourless and flammable liquid alcohol.  
Its name comes from its early derivation from methane, which is a significant feedstock in today’s  
fossil-based methanol production (see section 4.1 on methanol production routes). Each methanol 
molecule has one carbon atom and four hydrogen atoms, and it is the simplest alcohol.

Methanol has certain characteristics  
that make it a suitable marine fuel. It is 
a liquid at ambient temperatures and 
pressure, and can be stored in modified 
fuel tanks on existing vessels. The three 
main drawbacks to its use are its toxicity, 
its low energy density – with about 225g 
providing the same amount of energy 
when combusted as 100g of gasoil – 
and its low flashpoint, contributing to 
increased fire and explosion hazards. 

Methanol burns cleanly compared to 
conventional fuel oil. There is little  
sulphur content in the fuel, resulting  
in no sulphur oxides forming during 
combustion. Particulate matter and  
soot emissions are also low.

Methanol is lighter than water, but also 
highly miscible (soluble), so the fuel will 
rapidly dissolve in seawater in the event  
of a spill. 

It is a widely manufactured, used and 
transported chemical. The following 
tables offer insight into its properties, 
including the advantages and disadvantages 
of it becoming a marine fuel. Methanol has 
identical properties regardless of how it is 
manufactured, meaning the combustion 
opportunities and challenges are the 
same too.

There are many different types of 
methanol, classified by the methods  
of production, i.e. from fossil fuel or 
renewable sources etc. For the full list, 
please refer to annex 4.

Methanol combustion formula

2CH₃OH + 3O₂ → 2CO₂ + 4H₂O
In an internal combustion engine methanol reacts 
with oxygen in the air and creates carbon dioxide 
and water as well as heat/energy.

1.2

1  |  Introduction
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Advantages and potential Challenges and issues

Current high availability due to industrial use  
(but not green)

Corrosive: requires specific storage and  
handling arrangements

Liquid at ambient temperatures and pressure Low flashpoint and toxicity – need increased  
safety systems

Miscible in water (biodegradable) Lower energy density compared to fuel oil

Low emissions compared to existing marine fuels 
(when viewed on a life cycle basis)

Onboard combustion creates GHG (1kg methanol 
combusts and forms 1.375kg CO2) but mitigated 
under proposed life cycle assessment criteria

Regulations and market maturity Green production needs significant increase  
to meet potential demand

Life cycle emissions potential
Uncompetitive price point relative to standard  
fuel oil

Advantages and disadvantages of methanol
The following table offers a brief insight into the benefits of using methanol as a marine fuel and the challenges.

Properties table

Flash point
12ºC (54ºF)   

(closed cup, 1 atmosphere)

For full list see annexes here

S

Flammability
6% to 36% 

volume percentage

Energy density comparison
1,000 cu m MDO  

= 2,400 cu m methanol

No sulphur (SOx)
and no sulphate  

particulate matter

Density
Liquid: 0.79 g/cm3 at  
68°F/39°F (20°C/4°C) 

1  |  Introduction
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Readiness of methanol  
as a marine fuel
Lloyd’s Register has collaborated with industry stakeholders to build a comprehensive assessment of different aspects 
of the fuel supply chain from production to delivery onboard, and the technologies for use as a fuel onboard for power 
generation.

The main production methods for future methanol supplies for the  
maritime industry are described in Chapter 4, while Chapter 5 details  
the status of various onboard technologies. 

Lloyd’s Register’s Maritime Decarbonisation Hub has already developed  
a framework to measure the current readiness of several fuels in its  
Zero-Carbon Fuel Monitor publication.

A lot of focus is often put on technology readiness level (TRL) of new 
technology but this is just one element. The industry’s willingness to 
adopt a technology is also based on its investment readiness level (IRL), 
which signifies whether the business case is hypothetical or well proven. 
Community readiness level (CRL) is also crucial, identifying whether the 
frameworks for safe and publicly acceptable use of a technology and fuel  
are in place. TRL is assessed on a scale of one to nine, IRL and CRL are on  
a scale of one to six.

LR uses the outputs of the monitor to identify research, development and 
deployment projects that will advance solution readiness and accelerate  
a safe and sustainable transition to net zero GHG emissions.

The detailed information from this assessment reveals how the 
technology for producing, delivering, and combusting blue or green 
methanol are well advanced. However, the level of investment  
required is still lacking and the acceptance within the maritime  
and client communities is also low.

Definitions of the IRL, TRL and CRL levels can be found in Annex 1.

1.3

1  |  Introduction

https://www.lr.org/en/marine-shipping/maritime-decarbonisation-hub/zcfm/
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Chapter 2: 
General safety and toxicity issues
Introduction

Methanol is toxic and extreme care is required with handling. It can be absorbed into the body by 
inhalation, ingestion, skin contact, or eye contact. Adverse health effects of methanol contamination  
or exposure are not always immediately evident and can be fatal. The fuel will also react violently 
with strong oxidants, raising the risks of fires and explosions in the case of a leak.

FUEL FOR THOUGHT: Methanol 9

2.1

Methanol evaporative vapours may be heavier than air, causing them to spread along the ground and collect and stay in  
poorly-ventilated, low-lying, or confined areas, such as engine room bilge areas.

There are numerous safety guidance publications as methanol is a regularly used chemical feedstock and maritime cargo.  
There are also preliminary guidance notes for parties wishing to determine an approach to methanol bunkering from a port,  
ship’s crew or bunker supplier perspective including Lloyd’s Register’s ‘Introduction to Methanol Bunkering Technical Reference’.

It has a flash point 
of 12 °C

a lower explosive limit 
in air of only 6%

and an upper 
limit of 36%. 

Hazards and precautions guidance:

Methanol can be toxic if swallowed, inhaled or contacts 
the skin, although skin absorption is a slower process 
than ingestion or inhalation. Avoid breathing vapours 
or mist. When handling methanol, wear chemical-
resistant gloves and appropriate PPE. Depending on 
the activity, respiratory protection may be required.  
If swallowed, immediately seek medical attention.

Methanol is flammable and burns with a clear blue  
flame that is smokeless and difficult to see in daylight. 
Keep away from sources of ignition including heat, sparks, 
flames, and hot surfaces. Keep containers tightly closed 
when not in use. Containers should be stored in well-
ventilated and cool areas.

FLAMMABLE

HEALTH

2  |  Safety

https://www.lr.org/en/latest-news/lr-methanol-institute-guidance-on-methanol-bunkering
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Specific bunkering   
considerations
Methanol is a liquid at ambient temperature and pressure. Unlike ammonia, hydrogen, ethane, LPG and methane 
(natural gas) it does not need to be pressurised, compressed or stored cryogenically. However, methanol is corrosive 
and storage tanks need to be constructed from a compatible material or appropriately coated. 

As per the IMO’s requirements for ships using methanol, the bunker tank 
ullage space should also be inerted with a gas such as nitrogen gas to 
reduce explosion risks and vessels may need inerting systems installed. 
Fuel systems need to be considered in a retrofit or newbuild design given 
lubricity issues.

Lloyd’s Register and the Methanol Institute developed robust guidance 
on methanol bunkering processes in 2020 with the publication of the 
Introduction to Methanol Bunkering Technical Reference. The Methanol 
Institute has also regularly updated its The Methanol Institute Safe 
Handling Manual (4th edition). 

Potential methanol bunker suppliers, ports and users should  
also be aware of work of the CEN Workshop Agreement in Europe.  
CEN, the European Committee for Standardization, is one of three  
bodies recognised by the European Union as being responsible for 
developing and defining voluntary standards at European level.  
The methanol bunkering workshop agreement was in partnership with 
industry actors including Lloyd’s Register and the Methanol Institute.

For inland waterways specifically, the European Committee for drawing 
up Standards in the field of Inland Navigation (CESNI) has developed 
standards for inland waterway vessels (ES-TRIN), Edition 2021/1.

Additionally BS EN 60079-10-1:2015 exists to cover explosive 
atmospheres (Part 10-1: Classification of areas – Explosive gas 
atmospheres) and Lloyd’s Register’s gas-fuelled ship rules,  
IGF Code and MSC.1/Circ.1621 specifically refer to IEC 60079-10-1. 

The development of any new bunker supply chain requires diligence 
and full risk assessments to ensure it is safe for all users and bunkering 
conditions. The aforementioned methanol bunkering technical reference 
supports the bunkering process and the IMO published a circular in 2020 
for ship and bunkering requirements. See: IMO circular (IMO, MSC.1/
Circ. 1621) Interim Guidelines For The Safety of Ships Using Methyl/Ethyl 
Alcohol as a Fuel.

However, it is worth noting that similar ISO standards that have been 
developed for LNG bunkering are currently not in place.

2.2

2  |  Safety

https://www.lr.org/en/latest-news/lr-methanol-institute-guidance-on-methanol-bunkering
https://www.methanol.org/wp-content/uploads/2017/03/Safe-Handling-Manual.pdf
https://www.methanol.org/wp-content/uploads/2017/03/Safe-Handling-Manual.pdf
https://ec.europa.eu/research/participants/documents/downloadPublic?documentIds=080166e5cfca8795&appId=PPGMS
https://www.cesni.eu/en/
https://www.cesni.eu/en/
https://www.en-standard.eu/bs-en-60079-1-2014-explosive-atmospheres-equipment-protection-by-flameproof-enclosures-d/?msclkid=4f1a20b1ce93131dfd364494fadc9922
https://wwwcdn.imo.org/localresources/en/MediaCentre/MeetingSummaries/Documents/MSC.1-Circ.1621 - Interim Guidelines For The Safety Of ShipsUsing MethylEthyl Alcohol As Fuel %28Secretariat%29 %282%29.pdf
https://wwwcdn.imo.org/localresources/en/MediaCentre/MeetingSummaries/Documents/MSC.1-Circ.1621 - Interim Guidelines For The Safety Of ShipsUsing MethylEthyl Alcohol As Fuel %28Secretariat%29 %282%29.pdf
https://wwwcdn.imo.org/localresources/en/MediaCentre/MeetingSummaries/Documents/MSC.1-Circ.1621 - Interim Guidelines For The Safety Of ShipsUsing MethylEthyl Alcohol As Fuel %28Secretariat%29 %282%29.pdf
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Lloyd’s Register’s requirements for Ships Using Methyl Alcohol (Methanol) or Ethyl Alcohol are contained within 
Appendix LR1 to the Rules and Regulation for the Classification of Ships Using Gases or Other Low-flashpoint Fuels, 
and which incorporates MSC.1/Circ.1621. These requirements follow a risk-based approach where the fundamental 
requirement is to demonstrate an equivalent level of safety to that achieved with conventional oil-fuelled systems.

The risk-based process is to be undertaken in accordance with LR’s ShipRight Procedure for Risk Based Certification (RBC). It is based on IMO guidance  
and LR’s experience of how a safety justification can inform the normal rigors of ship classification. 

Importantly, the process is scalable. This means the amount of work required in each step is proportionate to the risk presented.

LR Risk Based Certification Process (for new, novel and alternative designs)

Start EndDesign and Safety 
Statement

1

5
Construction and In-Service Assessments

4
Final Design 
Assessment

3
Supporting 

Studies

2
Risk 

Assessment

2  |  Safety
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Methanol bunker quality
Methanol bunker quality standards are currently under development. 
A group at ISO – working on ISO 6583: Specification of methanol as a 
fuel for marine applications – has developed guidance that is due for 
final delivery during 2024.

An existing methanol specification is also available from IMPCA,  
the International Methanol Producers and Consumers Association.  
IMPCA has also published a draft sampling standard and has a tool 
to help determine CO2 footprint/life cycle calculation for methanol 
depending on its feedstock and eventual use (fuel or chemical etc.).

2.3

2  |  Safety

https://www.iso.org/standard/82340.html
https://www.iso.org/standard/82340.html
https://www.impca.eu/IMPCA/Methanol
https://www.impca.eu/IMPCA/Technical/IMPCA-Documents
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Summary

Shipping has considerable experience with 
methanol as a cargo. Currently methanol is 
shipped globally under a regulatory framework 
that includes MARPOL Annex II (Regulations for the 
control of Pollution by Noxious Liquid Substances), 
the IBC Code and IMDG Code. As a fuel, there 
is guidance from the IMO with the goal-based 
approach of the IGF Code. In particular, the 
interim circular (MSC.1/Circ. 1621) with interim 
guidance for the safety of ships using methanol 
(methyl alcohol) as a fuel.

Bunkering safety is also covered at a European 
level through the CEN workshop, and additional 
guidance from a classification perspective  
comes from the LR bunkering requirements  
and class notations.

Fuel quality is also covered with the IMPCA 
methanol reference specifications, and under 
development at the ISO (ISO 6583).

Methanol as a fuel/methanol as a cargo regulatory framework

2.4

Methanol as a fuel Industry standards

International code of safety for ships using gases  
of other low-flashpoint fuels (IGF Code) IMPCA methanol reference specifications

Interim Guidelines for the safety of ships  
using methyl/ethyl alcohol as a fuel  
(IMO MSC.1/Circ. 1621)

ASTM D-1152/97: Standard specification  
for methanol

Lloyd’s Register: Classification of ships using gases or other low-flashpoint 
fuels

ISO/AWI 6583: Specification of methanol as  
a fuel for marine applications (not complete)

Lloyd’s Register: Class notation and descriptive note for vessels complying 
with the low flashpoint fuel requirements, e.g. LFPF(GF, ML), or with 
particular aspects ‘ready’, e.g. GR(ML, A)

Appendix LR1 – requirements for Ships Using Methyl Alcohol (Methanol) or 
Ethyl Alcohol

2  |  Safety

https://www.imo.org/en/ourwork/safety/pages/igf-code.aspx
https://www.methanol.org/wp-content/uploads/2016/07/IMPCA-Ref-Spec-08-December-2015.pdf
https://wwwcdn.imo.org/localresources/en/MediaCentre/MeetingSummaries/Documents/MSC.1-Circ.1621 - Interim Guidelines For The Safety Of ShipsUsing MethylEthyl Alcohol As Fuel %28Secretariat%29 %282%29.pdf
https://www.astm.org/d1152-97.html
https://www.astm.org/d1152-97.html
https://www.lr.org/en/rules-and-regulations-for-ships-using-gases-or-low-flashpoint-fuels/
https://www.lr.org/en/rules-and-regulations-for-ships-using-gases-or-low-flashpoint-fuels/
https://www.iso.org/standard/82340.html
https://www.iso.org/standard/82340.html
https://www.lr.org/en/latest-news/lr-establishes-design-and-construction-standards-for-the-use-of-low-flashpoint-fuels-with-new-notation/
https://www.lr.org/en/latest-news/lr-establishes-design-and-construction-standards-for-the-use-of-low-flashpoint-fuels-with-new-notation/
https://www.lr.org/en/latest-news/lr-establishes-design-and-construction-standards-for-the-use-of-low-flashpoint-fuels-with-new-notation/
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This chapter summarises the state of play of the regulatory landscape 
along with the industry’s connection with methanol as a marine fuel 
to offer insight into fuel acceptance and potential.

Chapter 3: 
Drivers for methanol
Introduction

Both the European Union and the International Maritime Organization have existing 
regulations that promote a reduction of CO2 emissions from shipping. This is in 
addition to, pending or nascent regulations to further promote the use of clean 
fuels through market-based measures, fuel efficiency and emissions accounting 
requirements, and life cycle assessment of fuel.

3  |  Drivers for methanol
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Regulations and lifecycle assessment

Regional regulations
The European Union has introduced both demand-
and supply-side GHG emissions measures, through its 
Emissions TradingSystem (ETS) and FuelEU 
Maritime Regulation. 

From 2025, carbon dioxide (CO2) emissions from ships 
≥5000GT reported in 2024 under the EU’s Monitoring, 
Reporting and Verification (MRV) system will also be 
included in the regional ETS. Vessels in scope of the 
ETS will need to buy EU Allowances (EUA) to cover half 
of their reported emissions for voyages between  EU, 
Norwegian and Icelandic (EEA) ports and non-EEA 
ports, as well as all reported emissions for intra-EEA 
voyages and while at berth at EEA ports.  “In 2025, 
40% of the CO2 emissions from voyages and at berth 
stays in 2024 will be subject to the surrender of an 
equivalent number of EUA’s within ETS, ramping up to 
100% in 2026. From 2024, the MRV will also require the 
reporting of CH4 (Methane) and N2O (Nitrous Oxide) 
emissions from ships, with EUAs to be paid on 100% 
of the CO2 equivalent of those emissions, in addition 
to CO2, within the ETS for reported 2026 emissions 
in 2027. 

The other mechanism is FuelEU Maritime, which will 
come into effect in 2025. The regulation sets targets 
for reducing the yearly average GHG intensity of the 
energy used by a ship (or, crucially, by a fleet or pool 
of ships). The required GHG intensity reduction starts 

small, at 2% in 2025 (compared to a 2020 baseline), 
reaching 6% in 2030 and 14.5% in 2035, through to 
80% by 2050. A penalty is then calculated based on 
the performance against the vessel or fleet’s target 
for the year, and the cost of low-carbon fuel that 
would have been needed to meet the target. While 
methanol emits  CO2 when combusted the  CO2 in 
green methanol is accounted for on a fuel life cycle 
assessment basis, where green and blue methanol 
will have emission benefits.

In addition to the FuelEU and EU ETS requirements, 
the Alternative Fuels Infrastructure Regulation (AFIR) 
will create the structure for renewable fuels to be 
produced and provide access to onshore power. 

FuelEU, EU ETS, and EU MRV are all part of the EU’s 
regional ‘Fit for 55’ package of legislation, which are 
likely to rapidly drive decarbonisation at a regional 
level. Additional emissions management  mechanisms 
have been developed or are under consideration in 
other regions including China, USA, and the UK.

If developed these additional regional mechanisms, 
combined with the EU’s ‘Fit for 55’ package will cover 
much of the major global trading blocs. However, it is 
unlikely that each regional scheme will be the same, 
leading to a fragmented global approach to 
decarbonisation within the maritime sector. 

3.1
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International regulations

IMO regulations, relating to controlling CO2 emissions at a global scale, are in 
force and have so far focused on fuel efficiency. In 2018, following the 2015 Paris 
Climate Agreement, the IMO agreed an initial GHG strategy to outline a pathway 
to reduce shipping emissions, focusing on  CO2 emission reduction from ships. 
This was in order to align shipping with IPCC targets  keeping global warming 
to within 1.5 degrees Celsius of pre-industrial global temperatures. The initial 
strategy led to the development of short-term measures including the Energy 
Efficiency Existing Ship Index (EEXI), the enhanced Ship Energy Efficiency 
Management Plan (SEEMP), and the Carbon Intensity Indicator (CII).

The IMO’s Marine Environment Protection 
Committee (MEPC 80) adopted a  strengthened 
revised strategy which aims to achieve net-zero  
CO2 emissions by or around, i.e., close to, 2050. 
There are some indicative checkpoints along 
the way – a reduction in carbon intensity of 20% 
striving for 30% by 2030, and 70% striving for 
80% by 2040, compared to 2008 levels. There is 
also a target for low or zero carbon fuels uptake 
of at least 5%, striving for 10%, by 2030. 
 
However, there are still some elements that 
need to be resolved over the coming 2–3 years – 
such as what the mid-term measures to reduce 

carbon emissions from shipping will be – they 
will have an economic and a technical element 
but the details on those are still to be negotiated 
and finalised. The IMO have adopted the fuel 
life-cycle assessment guidelines (LCA Guidelines) 
which are expected to support the mid-term 
measures, in whichever form they are agreed.

There is still work to do – many are concerned 
that the 2023 GHG strategy is still not aligned 
with the 1.5 degrees Celsius goal from the Paris 
Climate Agreement. In 2028 a further revision of 
the strategy is timetabled which could mean it is 
fully aligned with that goal.

Lifecycle assessment

Within international discussions are the considerations of a lifecycle assessment of fuels. 
Methanol is a hydrocarbon, and therefore produces  CO2 when combusted. For green 
methanol to be part of the future of shipping, the methodology for assessing emissions 
from ships has to be calculated on a well-to-wake rather than tank-to-wake basis.

In a well-to-wake calculation, the GHG intensity 
of the fuel feedstock (including CO2 for methanol), 
production process and associated transport – the 
so-called “fuel pathway” – are all accounted for. Tank-
to-wake emissions evaluate the intensity of CO2, CH4, 
and N2O emitted onboard a ship related to the fuel 
use and all relevant fugitive emissions. 

The IMO adopted the guidelines on the life-cycle 
assessment of marine fuels (LCA Guidelines) at MEPC 
80. The well-to-wake and tank-to-wake emission 
factors attributed to each fuel pathway and energy 
converter in the guidelines are expected to be used 
in future IMO legislation for the reduction of GHG 
emissions in shipping.

Lifecycle assessment guidelines and how they are 
applied by regulators determine how each specific 
fuel is treated under any market-based measure, 
and therefore have a crucial influence on shipowner 
investment decisions. Biofuels could be required to 
have certification demonstrating their sustainability 
from a recognised international standard such as 
ISSC or RSB.

3  |  Drivers for methanol

https://www.iscc-system.org/
https://rsb.org/
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Ship operator demand 
and interest

3.2

Demand for methanol-fuelled vessels in the cruise and passenger segment is 
modest but growing, with 11 vessels across the existing fleet and orderbook, 
including seven methanol capable and four methanol-ready ships. The cruise 
and passenger segment accounts for approximately 3% of the orderbook for 
both methanol-ready and methanol capable vessels.

Clarksons reports (February 2024) that there are two methanol capable passenger vessels already 
in operation, the Stena Germanica (an engine retrofit) and Innogy, with different applications of 
methanol technology. 

Stena Germanica was built in 2001 as a traditionally-fuelled ferry and after a conversion in 2015, its 
four-stroke engines can run on methanol or traditional fuels. Innogy began operation on its inland 
route in 2017 with seven 5kW methanol fuel cells providing power for its propulsion system. 

The methanol capable passenger ship orderbook of five vessels demonstrates the range of vessel 
sizes for which methanol is a viable fuel solution: a trio of 300 GT ropax vessels, a 140,600 GT 
cruise vessel, and a 204,000 GT cruise vessel. All will be equipped with methanol-capable diesel 
generators. 

Four methanol-ready vessels are on the orderbook. These vessels are being built for delivery with 
conventional fuel but have design elements that prepare for methanol fuel conversion. The list 
comprises a 15,000 GT ropax, a pair of 169,000 GT cruise ships and a 111,500 GT cruise ship. 
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Methanol fuelled newbuilding update Methanol fuelled vessel projections
(Source: Clarksons, June 2023)

Clarksons forecasts suggest a significant climb in methanol capable and methanol ready orders. In 2022, methanol accounted 
for 3% of the orderbook (7% by GT). By 2030 this could be close to 20%, representing up to 1,200 vessels.

Methanol ready orderbook by sector Methanol capable orderbook by sector
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Techno- 
economic 
drivers

3.3

Making cost and economic 
estimations are difficult,  
but some factors are already 
available for owners and 
operators considering the two 
options of retrofitting vessels to 
become methanol/fuel oil dual-
fuelled, or ordering newbuildings 
that are methanol dual-fuelled 
upon delivery or soon after.

Newbuilding value proposition
Building a methanol ready or capable vessel is a commercial decision where 
operational expenditure and revenue factors such as customer ability  
and willingness to invest in green supply chain assets, carbon pricing and 
green methanol fuel price, influence initial capital investment decisions.  
Capital expenditure decisions revolve around yard availability, engine and 
machinery overheads and related onboard fuel infrastructure decisions. 

Owners are therefore hedging options by ordering vessels designed on 
flexibility using various stages of a readiness notation to balance capital 
investment now with any subsequent retrofit costs. 

Industry indications point to a two-stroke methanol dual fuel engine having 
a 10% premium on now established dual fuel LNG engines, while four-stroke 
engines will be comparable.

Methanol ready
There is a certainty that regulations to reduce greenhouse gas emissions 
from shipping will be agreed at a regional and international level, but great 
uncertainty over how these regulations can be met. 

Owners looking at newbuilding orders today know that they need vessels that 
will be commercially attractive for decades to come, but do not know what 
decisions will be the correct one. One solution today is to design vessels under 
a fuel ready notation where certain capital expenditure can be made during 
newbuilding to prepare a vessel for a fuel should conditions make that fuel 
option viable.

Owners and shipyards can opt for a staged approach from simple preparations, 
for more than one fuel type, or make more substantial investments in the 
newbuilding to reduce the time and costs of a subsequent retrofit.

Retrofit value proposition
While newbuilding orders may be built to designs where retrofitting is easier  
and more cost efficient by considering eventual methanol fuel use, most 
younger tonnage in service has not been built with a retrofit installation  
in mind.

Such vessels will require investment in engine overhaul, often a complete 
engine strip down and rebuild, supplementary fuel systems and safety 
measures and the adaption of one or more existing fuels tanks to be able  
to hold methanol fuel.

Costs include engine rebuild, piping, fuel system, tank coating, as well as 
design, planning and drydock costs. Indications suggest that engine and fuel 
system costs, which will be most of the overheads, could be in the range  
of 10% to 25% of a vessel’s value. 

Owners of vessels with an interest in retrofitting will also need to evaluate the 
NOx emissions implications of such retrofitting conversions or the installation 
of new engines into vessels.
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New build and retrofit economic 
modelling
Modelling of capital expenditure and operational 
expenditure throughout a life cycle of a vessel is 
difficult. It’s impossible to generalise given how vessel 
size, purpose and operational profile will play a role 
in any calculations, as will predicted methanol prices, 
and carbon price.

From a retrofit perspective the costs of rebuilding an 
engine need to be carefully evaluated given not  
all engines will have a test engine equivalent to 
ensure it meets emissions testing requirements under  
IMO regulations.

Methanol pricing will totally depend on green 
electricity, hydrogen and biomass feedstock 
prices. If low enough, it could reduce the difference 
compared with fuel oils, gas oils and diesel, but a 
carbon price or carbon credit would further increase 
competitiveness.
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Methanol Conversion (CAPEX)Fuel-EU CO2 Tax

CCS (CAPEX)

EU-ETS CO2 Tax

CO2 Disposal Cost

Fuel Cost

CCS (OPEX)

Total Cost of Ownership (TCO):  
2026-2040 (15 years) and 65% time in EU

$500m $1,000m $1,500m $2,000m$0

HFO + oCCS

Blend B30 
(MGO/HVO)

Methanol Retrofit 
(“Blend”)

Methanol Retrofit 
(“grey”)

HFO

FUEL FOR THOUGHT: Methanol 21

Shipowners and operators need to consider a number of different scenarios and variables when 
determining if a vessel should be built or retrofitted to be capable of using methanol as an alternative fuel. 
The example below is a snapshot of just some of the economic considerations. 

The vessel example here is a cruise ship  165,000GT with a speed V = 18.0 knots (70% time at sea/30% time 
at port). Also taking into account the following assumptions:-

1 The capture rate of the oCCS system is 35% and the technology is based on Chemical Absorption using 
an amine solvent. Liquefaction and storage of captured CO2 (LCO2) is included in CAPEX but not in OPEX 
(extra cost for the purchase and replenishment of the cooling medium). The oCCS system could be used 
during “At Sea” mode as well as “At Port” mode. The carbon (CO2) disposal has been estimated at $30/MT 
and the CCS CAPEX = $30.0m  (assumption for 35% capture rate). 

2 Additional fuel oil consumption for operating the oCCS system is assumed +15% which is approx. 1.0 MT/
hour (coming from the diesel-generators). 

4 The methanol retrofit will include the conversion of three (3) engines to Dual Fuel (DF) engines running 
on 95% methanol in gas mode with 5% HFO as pilot fuel. The converted Dual Fuel (DF) engines will 
have the same thermal and combustion efficiency as the existing ones. The Methanol retrofit CAPEX is 
approximately $45.0m. 

4 For EU-ETS, the emission unit allowance (EUA) price is $110 USD / ton of CO2eq emitted. 

Total cost of ownership 
case study

3.4
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5 The feedstock to produce Renewable Diesel (HVO) is considered a waste product (biogenic: food waste such 
as Used Cooking Oil – UCO). 

6 The bio-based portion of the blend B30 (in this case Renewable Diesel/HVO), according to EU-ETS legislation, 
will have zero (0) CO2 emissions during oxidation onboard (the emission factor for CO2 in the TtW equation 
will be considered zero). 

7 The feedstock to produce bio-methanol is considered a waste product (biogenic: wood waste). E-methanol 
has been produced from DAC and water electrolysis using renewable energy for both processes. 

8 The bio-based portion (25% bio) and the synthetic-based portion (25% e-) of the methanol blend, according 
to EU-ETS legislation, will have zero (0) CO2 emissions during oxidation onboard (the emission factor for CO2 
in the TtW equation will be considered zero), 

9 Shore Power requirement for passenger ships by 2030 from FuelEU maritime is not considered in this 
analysis due to the uncertainty of its application. The FuelEU Shore Power requirement for passenger ships 
could impact the results for all TCO predictions (depends on energy bills at different ports). 

10 The sub-target of 2% RFNBO (annual energy used) from 1st January 2034, for all ships coming from 
FuelEU maritime has not been included in this analysis (extra RFNBO penalty) due to the uncertainty of 
its application. 

11 Loss of cabins and reduced revenue has not been included in the TCO predictions: 
• Methanol Retrofit: methanol bunkering stations, fuel gas supply system, additional space for methanol 

fuel storage tanks due to lower energy content (conversion of HFO Storage Tanks onboard is possible) 
• oCCS: LCO2 storage tanks and any additional space for conditioning/liquefaction/offloading of 

captured CO2 
• Blend B30: no loss of cabins because there will be no tank modification onboard or modifications 

to existing fuel supply system (assuming that the existing fuel storage tank capacity onboard will 
accommodate sufficiently the bio-based fuel properties such as density and LCV) 

12 Average fuel bunkering prices (region Europe/USA) shown below between 2026-2040:  
HFO price: 545 $/MT   
MGO price: 850 $/MT   
HVO price = 1100 $/MT   
Methanolfossil price = 380 $/MT   
Methanolbio- price = 1300 $/MT   
Methanole- price = 2000 $/MT   

13 Add approx. $45.0m for SOX Scrubber (OPEX) to the total TCO for HFO operations. 

Please note these tables come with uncertain assumptions on costs and other industry developments and are 
for illustrative purposes only.
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Chapter 4: 
Methanol production and supply
Introduction

Successful deployment of methanol as a marine fuel relies on renewable production, from electrolysis 
and/or bioresources. More than 80 production projects are being tracked by the Methanol Institute 
with estimated production of more than 8m tons renewable methanol per year by 2027.

Much of the current methanol demand is met through the 
production from synthetic gases using coal or natural gas 
as a feedstock (brown and grey methanol). Depending on 
the pending decisions on CO2 life cycle accounting at an 
international level, the successful use of methanol as a marine 
fuel relies on the production of blue and green methanol  
(see definitions in annex 4) in sufficient volumes and cost.

This chapter gives an overview of production methods and  
the expected future supply of blue and green methanol in  
the coming years.

While standard methanol, biomethanol and e-methanol 
(brown, grey, blue and green) are chemically identical, their 
production pathways, and the verification of these pathways, 
will be the determining factor in acceptance as a net-zero 
marine fuel.

Additionally, shipping will compete with road transport and the 
chemical industry for the green methanol as pressure mounts 
for all sectors to decarbonise. From this perspective, green and 
blue methanol price, the price of carbon and fuel availability 
will be the determining factors impacting fuel supply.

The life cycle emissions from current methanol production are 
0.3 gigatons CO2 per annum. Over the last decade, production 
has nearly doubled – reaching 98m tons (there has been a 
large increase in China where production is from coal) in 2019. 
It is predicted to rise to 120m tons in 2025, before increasing 
to 500m tons per annum by 2050. 500m tons of methanol will 
therefore produce 1.5 gigatons of CO2 if production pathways 
do not move away from fossil fuels. Renewable methanol 
production in 2021 was only 0.2m tons.

This chapter gives an overview of production methods 
and the expected future supply of blue and green 
methanol in the coming years. 

4.1
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Production 
pathways

4.2

Current industrial methanol production

On an industrial scale, methanol is predominantly produced today from natural gas by 
reforming the gas with steam and then converting and distilling the resulting synthesised 
gas mixture to create pure methanol. Current total methanol production, of all colours, 
is over 110 million tons a year, with the majority being used in chemical and petroleum 
industrial applications, as well as the production of consumer products. More on methanol 
production routes can be found on the Methanol Institute website.

Methanol production routes
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Biomethanol production

Biomethanol (green methanol) is produced by using biomass feedstocks 
(Forestry and agriculture waste and by-products, such as black liquor  
from P&P (Pulp & Paper) industry, biogas from landfill, sewage and 
municipal solid waste). With low production volumes the cost of 
production can only be estimated. 

The cost of biofeedstock (biomass feedstock varies from 0 to $17 per gigajoule) investment 
costs and the efficiency of the conversion will play a role. An IRENA estimate in 2021 was for 
biomethanol to cost between $320 and $770 per ton, but process improvements could see 
this drop to a range of $220 to $560 per ton if feedstock is under $6 per gigajoule (GJ). 
Production of biomethanol when close to waste sources such as pulp and paper and Municipal 
Solid Waste (MSW) will help streamline production and improve overall economies of scale. 
Eventual bunker prices of biomethanol will depend on feedstock prices, the cost of hydrogen, 
and the cost of electricity. Additional capital costs for producers such as electrolysis and 
plant investments need to be considered as well as subsequent transportation costs.

E-methanol production

E-methanol (green or blue methanol) is obtained by combining captured CO2  
with hydrogen from renewable electricity. The CO2 sources could be from 
industrial carbon capture including BECCS (bioenergy with carbon capture)  
and DAC (direct air capture). 

The hydrogen is produced through one of two ways, whether by using renewable electricity to electrolyse 
water into oxygen and hydrogen (green hydrogen) or through the reformation of natural gas, or coal, 
providing the CO2 emissions during this process are captured (blue hydrogen).

E-methanol costs will depend heavily on green electricity costs, hydrogen costs, infrastructure and 
capital investments. IRENA production cost estimates for e-methanol today are between $800 and $1600 
assuming CO2 is from BECCS, with a cost of $10 to $50 per ton CO2 ($1200 to $2400 per ton methanol if  
the CO2 comes from DAC). 
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Green methanol production  
projects by country

The growing number of green methanol production 
projects around the globe can be seen on the Methanol 
Institute dashboard. The Institute is tracking 90 projects 
that are projected to produce almost 9m tons of methanol 
annually when online (by 2027). This production will not 
be dedicated to shipping use, but some projects are.

A detailed list of methanol production plants under development can be 
found on  the methanol institute website 
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Fuel price
4.3

Grey methanol prices vary regionally (Asia, USA and Europe) with spot 
market average prices and forward contracts (see table). Prices range 
from $327 to $366 per ton on the spot markets for February 2023. 
These prices are trading prices, and it is expected that green and blue 
methanol prices will be scarcer and more expensive. Additionally, 
bunkering infrastructure costs will create added expenses when cleaning 
methanol bunkers in ports and terminals. Estimates have pointed to  
green methanol being supplied initially at around $1,000 per ton.

Potential methanol price trends

While HFO (very low sulphur fuel oil – VLSFO) is $600 a ton, marine gas oil (MGO) of same 
sulphur content is at approximately $876 per ton while intermediate fuel oil (IFO380) of 
high sulphur content is at $465 per ton When the different energy density between the 
fuels is considered, (for methanol x2.4) then the price of methanol as a marine fuel remains 
unfavourable without a price mechanism to encourage take up.

Green methanol production costs remain uncertain. While the number of production plants 
under development grows, very few are currently in operation and producing significant 
volumes of methanol. The adjacent table highlights the range of projections on production 
costs alone, making economic modelling for producers challenging. With grey and brown 
methanol users likely to also seek blue and green alternatives in the future, the market 
pressures on cost and availability will remain uncertain until some of these new renewable 
methanol projects are online.

Source: IRENA (&MI) Innovation Outlook; Renewable Methanol (2021)
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Global methanol pricing comparison

Table data extracted from: https://www.methanol.org/methanol-price-supply-demand

Methanol US MMSA Contact Index FOB 
USGC USD/metric ton

Methanol US MMSA Spot Barge Wtd Avg 
FOB USGC USC/metric ton
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Methanol NEA/SEA MMSA Contract Net 
Transaction Reference Wtd Avg USD/metric ton

Methanol Europe MMSA Spot Avg FOB 
Rotterdam T2 USD/metric ton
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Chapter 5: 
Technology readiness
Introduction

Because methanol is a liquid at ambient temperature and pressure, 
the process of supplying it as a fuel into marine engines is similar to 
conventional fuels, but with the unique safety issues to observe,  
as mentioned in Chapter 2.  

An engine will need approximately 2.4 times the amount of methanol as diesel for the same 
fuel energy density, an indication of the increased volume of methanol storage needed to 
achieve the same amount of energy when making a comparison to existing propulsion.

Engine makers are in advanced stages of developing a variety of engine options for shipping, 
including conversion kits for owners who are considering this pathway to compliance and 
lower emissions. Additionally, technology companies are developing onboard systems to be  
able to generate hydrogen from methanol for use in PEM (Proton Exchange Membrane) fuel cells.
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The LR-class Stena Germanica was the first conversion project demonstrating methanol fuel capabilities. Initially one of  
the four Wärtsilä ZS40 engines of the 2001-built vessel were converted to be dual-fuelled, capable of running off methanol  
or marine diesel or gasoil. Shortly after the remaining three engines were also converted to be methanol dual-fuelled.  
The conversion project was EU funded.

According to the Methanol Institute (and FCBI) conversion costs amounted to €13m with overall project costs amounting to €22m, which included a methanol 
storage tank ashore, a bunker barge adaption and pioneering project work, including safety assessments and adaption of rules and regulations.  
Estimates suggest subsequent retrofit costs could be 30% to 40% lower.

Over the eight years since the conversion, Lloyd’s Register and the vessel operator have gained valuable tangible experience for in-service maintenance  
and performance monitoring of a dual-fuelled vessel. Stena line has now contracted Wärtsilä to convert an undisclosed number of its other ferries to be  
dual-fuelled.
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Marine engines and 
conversions
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Four-stroke engines

Wärtsilä now has a modified four-stroke 32-bore design,  
as does Hyundai, with the HiMSEN methanol H32DF-LM. 
Hyundai claims orders for 74 sets of its four-stroke 
HiMSEN methanol engines as of the end of March 2023. 
Hyundai’s engines use the diesel cycle and have 
electronically controlled, common rail, fuel injection.  
The first of the HiMSEN engines will be installed onto  
two Maersk methanol dual-fuelled vessels: A six-cylinder 
version on a 2,100 TEU vessel and a nine-cylinder version  
on a larger 16,200 TEU vessel. 

HiMSEN engines will require a mix of about 10% pilot fuel (MDO/MGO)  
when fuelled with methanol. The engines can also use fuel oils.

For the four-stroke market MAN ES is still working on methanol injection 
technologies for both newbuild and retrofitting, with the retrofit option 
coming first. This is being tested out in one order where a 48/60 (480 mm 
bore with 600 mm stroke) four-stroke engine will be converted to a  
510 mm bore engine, thus becoming one of the company’s latest engine 
designs, a 51/60 DF engine.

The 51/60 dual-fuel engine size is likely to be the first four-stroke  
design that MAN ES will offer for newbuildings. It believes the  
focus for four-stroke conversions will be for the passenger and ROPAX  
(roll-on/roll-off passenger) markets, with its first retrofits being engines  
in two cruise vessels under a pilot project in 2025 and a RO-RO  
(roll-on/roll-off) vessel in 2026.

These engines also require a diesel or fuel oil pilot fuel injection when  
using methanol fuel. MAN ES says its calculations suggest that the pilot  
fuel will be between 1% and 3% of the fuel mix, depending on engine load  
and the inclusion of optimised methanol-diesel share with Port Fuel Injection 
(PFI) technology.   

The Hyundai HiMSEN engine could be about 10% at optimal engine loads. 
MAN ES is investigating whether methanol fuelled engines could have  
a spark plug design to avoid using any pilot fuel.

In addition to MAN ES, Hyundai HiMSEN, WinGD and Wärtsilä, there are 
other engine markers developing solutions capable of being fuelled by 
methanol. These include Anglo Belgium Corporation (ABC), Caterpillar, 
China State Shipbuilding Corporation (with Hudong Heavy Industries),  
Rolls-Royce mtu Marine Solutions, ScandiNAOOS/Nordhaven Power Solutions.

Wärtsilä W32

Hyundai HiMSEN 
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Retrofit challenges  
and NOx emissions

Retrofitting any vessel to adapt to a new fuel will require 
close collaboration with a repair yard and getting the 
competence to plan and perform the work. As well as early 
planning to prepare the vessel, safety systems and engines, 
plans will also have to be drawn up for fuel tank sizes.  

Requirements for fuel tanks may cause fuel tank space to be reduced.  
It is important for vessel operators to understand the future operational  
profile of the vessel, the ensuing fuel demands that profile creates and  
the tank volumes that will be needed. Operators also need to ensure  
that emissions profiles are understood, including CII calculations and  
NOx emissions. A major engine conversion (replacement) may result in the  
vessel being required to meet NOx tier III levels, thus requiring additional  
NOx reduction technologies. Any main engine conversion will require new  
NOx emission certification.

Most engine makers also produce NOx reduction technologies such  
as selective catalytic reduction systems or exhaust gas recirculation. 
Another technology involves the addition of water into the methanol  
to reduce NOx emissions.
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Fuel cells and 
reformers

5.2

Fuel cells

Fuel cells are increasingly being seen as an option for some shipping sectors as they provide a reliable 
way to generate green electricity with high efficiency. Their use has been growing in smaller vessel 
segments such as coastal ferries, offshore vessels and some short sea and inland waterways craft. 
They are also being viewed positively as with fewer moving parts and less maintenance needs than 
internal combustion engines they are probably cheaper to operate with less human intervention, 
helping in the move towards greater automation.

Methanol can be instantly utilised by direct methanol fuel cells 
(DMFCs), a sub-category of the proton-exchange membrane 
fuel cells (PEMFCs). However, their efficiency and power density 
are significantly less compared to hydrogen-fuelled PEMFCs.
The solution that is being developed is to efficiently convert 
methanol into hydrogen onboard the vessel, with CO2 as a  
by-product, and feed the hydrogen into the fuel cell to  
generate electricity.

The use of fuel cell technology on ships has similar safety 
considerations as for marine gas engines, including ventilation 
requirements, double-wall piping, gas leak and fire detection. 
Further information regarding safety and functional 
requirements for fuel cells on board ships can be found in LR’s 
Rules and Regulation for the Classification of Ships, Pt 5, Ch 26 
Fuel Cell Power Installations.

However, fuel cell stacks will also have a specific lifespan, 
needing replacement after a certain number of hours.  
Other maintenance work to be expected may include  
coolant replacement and the regular check of gas detection 
sensors, and replacement as necessary.  

In operation, fuel cells will typically have slower ramp up 
times than engines. For example, in vessels requiring sudden 
and dramatic changes in propeller thrust, a fuel cell may be 
too slow to respond to the load demand. Therefore, fuel cells 
and marine batteries will be typically installed together, with 
the batteries to cover any peak loads, as long as the fuel cell 
increases its power output to meet the demand.

Further information regarding marine fuel cells, considerations 
during design phase and installation requirements can be 
found in LR’s Guidance Notes on the Installation of Fuel Cells  
on Ships. 
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Onboard conversion/reformers:  
methanol to hydrogen

As mentioned, there is ongoing research into marinising the technology to convert 
methanol to hydrogen to allow the hydrogen to be used in PEM fuel cells. There are several 
key factors why this is being seen as a potential suitable pathway for some vessels. 

The energy can be stored as a liquid – green methanol – and does not require specialised storage that could 
take up valuable space, such as would be required with LNG, ammonia or hydrogen. It also allows fuel cells to  
be used either as a direct power source or as auxiliary engines/generator sets.

Reformers require a power source but generate CO2, carbon monoxide and hydrogen. The CO2 would be  
emitted as exhaust or captured, and the hydrogen used in the fuel cell. Safety concerns will be over leaks  
of any of the three gases.

Companies such as e1 Marine and RIX Technologies are working 
on reformer technologies for shipping. Demonstration projects 
and first uses cases in smaller vessels such as tugs have been run.
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Fuel tanks and 
other fuel systems

5.3

Methanol is corrosive and cannot therefore be stored in regular (fuel oil, gasoil or diesel) 
fuel tanks onboard vessels. The tanks need to be stainless steel or carbon steel with 
a coating. The coating needs to be a proven coating such as those found inside cargo 
tanks of methanol carriers. These are suitable for methanol and methanol vapour in  
the ullage space as well as the required inerting system.

An inert gas system will need to be installed if not already planned for other purposes. Fuel tanks will require  
a cofferdam if built into the ship design and have provisions for venting, gas detection and safe access. 
Provisions for an overflow tank are also required. They can be located under the deck.

Other fuel related technologies required for methanol fuelled vessels include 
potential use of:
• Fuel Valve Train: for 

controlling methanol supply 
and for purging. Placed in 
hazardous area

• Methanol high pressure 
pump: sets pressures of up  
to 300 bar for high pressure  
fuel engines

• Possible nitrogen, or other 
inert gas, generation as  
leak protection

• Double wall piping at high 
pressure parts in engine room

• Air ventilation for  
methanol piping

• Methanol monitoring  
system and alarms
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Liquid fuel supply options

Specialised methanol fuel supply lines 
and pumps will be needed to deliver 
the fuel from tank to engine. These are 
the key systems on the market and are 
considered mature.

N2 piping

LPHP FMixing 
tank

LP heat exchanger

Deaeration  
and drain

Deaeration  
and drain

Deaeration  
and drain

Deaeration  
and drain

Supply pump

G.W.

G.W.

G.W.

G.W.

FlowmeterCirculation
pump

HP heat 
exchanger

Duplex filter Filter

P

P

Deaeration  
and drain

Deaeration and 
drain outlet

Deaeration and drain system

G.W. G.W.

F.W. F.W.

G.W.
vent
tank

P

G.W. circulation system

CSSC – Shanghai Marine Diesel Engine Research

Alfa Laval Fuel Conditioning Module (FCM)
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Wärtsilä – MethanolPAC

Sealing and control 
oil pump unit

Methanol fuel 
pump unit

Methanol fuel 
value train

Methanol from 
service tank

Methanol 
low pressure 

pump unit
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1

4

2

5

3

6

FVT

SunRui GasLink methanol fuel supply system

1 – Methanol supply pump

2 – Low pressure heat exchanger

3 – Mixing tank

4 – Methanol circulation pump

5 – High pressure heat exchanger

6 – Double filter with DBB
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Readiness notations
Capital investment decisions are based on market conditions and  
vessel demands. These include charter agreements and fuel costs. 
Flexibility in design parameters is important to enable vessels to be  
built for an economic lifetime of up to 30 years. Ensuring newbuild 
contracts are flexible and suitable for future fuel conversions is 
important and why a Gas Ready notation is available.

The available notations adjacent help owners in their capital investment decisions  
and therefore in easing future retrofit decisions. Vessels can be ordered to be fuel  
flexible and designed in a manner that gives them the option to be retrofitted to one  
of many future fuels.

The descriptive note would represent an approval of a conceptual design and/or installation  
by LR and it is possible that the flag administration may or may not accept the use of a toxic 
fuel or the conceptual design. A gas ready descriptive note begins with GR and is assigned 
with the applicable fuel identifier – ML (methanol), AM (ammonia) or NG (natural gas) – 
followed by a suffix identifying the particular aspects which have been approved and/or 
installed as shown opposite.

5.4

Lloyd’s Register has an easy to follow ‘gas ready notation’ for owners wishing to 
place orders for newbuildings while reducing the risks related to future fuel choices.

A   Concept approval. The design of the fuel system 
has been approved in principle

S  Enhanced structural reinforcement  
fitted to support fuel tank

T Fuel tank installed 
P  Piping installed

E Equipment and machinery installed
 M/E – Main engine
 A/E – Auxiliary boilers
 Boiler
 Incinerator
 Fuel cell generator

Qualifying  
readiness

GR A

Concept
approval

Structural  
arrangements

Fuel  
tank

Piping 
arrangements

Engineering 
systems

S T P E

The level of gas fuelled readiness is structured in a flexible manner  
through the following associated characters denoting:

M/E
A/E
Boiler
Incinerator

C A P E X
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Chapter 6 
Summary and 
conclusion

Of the future fuels under consideration by commercial shipping, methanol is unique in that 
it can be viewed as both an established fuel and a new candidate. It has been used by some 
vessels for a number of years, but to be a viable environmental solution, fuel production now 
needs to shift towards renewable rather than fossil methanol. The technology to use methanol 
as a fuel is feasible, and in many scenarios it is available and mature. All engine makers already 
have or shall soon have dual fuel engine models imminently, whether two-stroke or four-stroke, 
diesel or Otto cycle.

Methanol has less energy density compared to current diesel and fuel oils, at a ratio of about 1:2.25. Therefore, on a  
ton-by-ton basis a vessel would require nearly two and a half times more methanol as fuel oil for a specific consumption.  
As methanol is a liquid fuel at ambient temperature and pressure, it requires minimal fuel tank specifications, but safety  
and health arrangements remain important.

Due to the experiences already recorded of transporting methanol as a cargo, and of using it as a fuel for the last decade, 
safe bunkering guidance has been written and will lead to probable international safety requirements. Class regulations 
are also in place for newbuilding and retrofit designs to ensure existing safety requirements are met by methanol-powered 
vessels. As we have seen in the technology readiness chapter, engine designs are maturing rapidly and class societies and 
engine makers, as well as engineering firms and repair yards, are also building up vital maintenance experience as more 
engines come into service.

Unsurprisingly, the biggest questions for the further development of methanol as a fuel relate to pricing, availability and 
carbon accounting. Due to the low production of green methanol and the current orderbook there is speculation  
over the actual amount of fuel that will be available for shipping, and whether it will be certified green to ensure that the  
GHG emissions are accounted for on a life cycle assessment basis. These are all areas that Lloyd’s Register will continue  
to follow closely and cover in future updates to this guide. 
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Safety
• IMO interim guidelines for the safety of ships using methyl/ethyl 

alcohol as fuel 

• Health risks of methanol: US National Institute for Occupational 
Safety and Health (NIOSH) 

• Methanol Institute: Methanol safe handling manual

• CWA (European Committee for Standardisation (CEN) Workshop 
Agreement) on Methanol Bunkering processes (downloadable PDF)

• IAPH Clean marine fuels working group portal

• Port of Amsterdam/DNV safety study on different clean fuels:  
Bunker verification scheme

• Safetytech Accelerator and Lloyd’s Register Maritime 
Decarbonisation Hub establish a partnership in green fuel assurance 
– Safetytech Accelerator

• ISO standard AWI 6583 Specification of methanol as a fuel for  
marine applications

• International Methanol Producer and Consumer Association 
specifications https://www.impca.eu/IMPCA/Methanol 

Supply of green methanol
• Cornell University, 2021: How Green is Blue Hydrogen?

• Methanol Institute: Renewable Methanol

• World Ports Sustainability Program (WPSP): Port Readiness Level  
for Alternative Fuels for Ships (PRL-AFS) 

• Methanol Institute Sees Renewable Methanol Production Growth 

• Methanol Market services Asia is an MI member and assesses the 
global supply/demand and pricing figures (Jan 2020 to Jan 2023)

• Insight briefing: Methanol as a scalable zero emission fuel Getting  
to Zero Coalition/Global Maritime Forum. Insight briefing 2021 

Technology
• Fraunhofer: Obtaining hydrogen from methanol:  

Optimized reformers

• Progress in Energy and Combustion Science: Methanol as a fuel  
for internal combustion engines

• European Technology and Innovation Platform: Methanol

• World Ports Sustainability Program (WPSP): Methanol as a fuel

• International Energy Agency (IEA): The IEA data work on  
calorific values 

• U.S. Department of Energy: Fuel Properties Comparison 

• MAN ES technical specification of methanol duel-fuelled engine

• LR Zero Readiness Framework

Chapter 7 
Other resources and annexes
Links and other resources

7.1
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https://wwwcdn.imo.org/localresources/en/MediaCentre/MeetingSummaries/Documents/MSC.1-Circ.1621 - Interim Guidelines For The Safety Of ShipsUsing MethylEthyl Alcohol As Fuel %28Secretariat%29 %282%29.pdf
https://wwwcdn.imo.org/localresources/en/MediaCentre/MeetingSummaries/Documents/MSC.1-Circ.1621 - Interim Guidelines For The Safety Of ShipsUsing MethylEthyl Alcohol As Fuel %28Secretariat%29 %282%29.pdf
https://www.cdc.gov/niosh/ershdb/emergencyresponsecard_29750029.html#:~:text=EFFECTS%20OF%20SHORT%2DTERM%20(LESS,)%2C%20blindness%2C%20and%20death.
https://www.cdc.gov/niosh/ershdb/emergencyresponsecard_29750029.html#:~:text=EFFECTS%20OF%20SHORT%2DTERM%20(LESS,)%2C%20blindness%2C%20and%20death.
https://www.methanol.org/wp-content/uploads/2017/03/Safe-Handling-Manual.pdf
https://ec.europa.eu/research/participants/documents/downloadPublic?documentIds=080166e5cfca8795&appId=PPGMS
https://ec.europa.eu/research/participants/documents/downloadPublic?documentIds=080166e5cfca8795&appId=PPGMS
https://sustainableworldports.org/clean-marine-fuels/about-our-cmf-working-group/
https://sustainableworldports.org/wp-content/uploads/DNV-POA-Final-Report_External-safety-study-bunkering-of-alternative-marine-fuels-for-seagoing-vessels_Rev0_2021-04-19.pdf
https://sustainableworldports.org/wp-content/uploads/DNV-POA-Final-Report_External-safety-study-bunkering-of-alternative-marine-fuels-for-seagoing-vessels_Rev0_2021-04-19.pdf
https://safetytechaccelerator.org/press-releases/partnership-in-green-fuel-assurance/
https://safetytechaccelerator.org/press-releases/partnership-in-green-fuel-assurance/
https://safetytechaccelerator.org/press-releases/partnership-in-green-fuel-assurance/
https://www.iso.org/standard/82340.html
https://www.iso.org/standard/82340.html
https://www.impca.eu/IMPCA/Methanol
https://onlinelibrary.wiley.com/doi/full/10.1002/ese3.956
https://www.methanol.org/renewable
https://sustainableworldports.org/wpcap/wg-4
https://sustainableworldports.org/wpcap/wg-4
https://www.einpresswire.com/article/594328267/methanol-institute-sees-renewable-methanol-production-growth
https://www.einpresswire.com/article/594328267/methanol-institute-sees-renewable-methanol-production-growth
https://www.globalmaritimeforum.org/content/2022/03/Insight-brief_Methanol-as-a-scalable-zero-emission-fuel.pdf
https://www.globalmaritimeforum.org/content/2022/03/Insight-brief_Methanol-as-a-scalable-zero-emission-fuel.pdf
https://www.fraunhofer.de/en/press/research-news/2022/march-2022/obtaining-hydrogen-from-methanol.html
https://www.fraunhofer.de/en/press/research-news/2022/march-2022/obtaining-hydrogen-from-methanol.html
https://www.sciencedirect.com/science/article/abs/pii/S036012851830042X
https://www.sciencedirect.com/science/article/abs/pii/S036012851830042X
https://www.etipbioenergy.eu/value-chains/products-end-use/products/methanol
https://sustainableworldports.org/clean-marine-fuels/methanol-as-a-fuel
https://iea.blob.core.windows.net/assets/imports/events/243/09_IEA_Energy_R.Quadrelli.pdf
https://iea.blob.core.windows.net/assets/imports/events/243/09_IEA_Energy_R.Quadrelli.pdf
https://iea.blob.core.windows.net/assets/imports/events/243/09_IEA_Energy_R.Quadrelli.pdf
https://afdc.energy.gov/fuels/properties
https://afdc.energy.gov/fuels/properties
https://man-es.com/applications/projectguides/2stroke/content/printed/S50ME-C9_6-LGIM.pdf
https://www.lr.org/en/100-sectors-folder/marine-shipping/decarbonisation-hub/maritime-decarbonisation-hub/about/our-story/research-library/whitepaper-zero-ready-framework
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Annexes
Annex 1: Technology, investment 
and community readiness levels 
and definitions

There are three readiness levels used in this report: 
technology, investment and community. All are on a 
scale, with TRL on a scale of one to nine, and CRL and 
IRL on a scale of one to six.

Technology readiness
The technology readiness level indicates the maturity of a solution 
within the research spectrum from the conceptual stage to being 
marine application-ready. It is based on the established model used  
by NASA and other agencies and institutes, using a nine-level scale.

7.2

Level Technology Readiness Level (TRL)

1 Idea Basic principle observed

2 Concept Technology concept formulated

3 Feasibility First assessment feasibility concept and technologies

4 Validation Validation of integrated prototype in test environment

5 Prototype Testing prototype in user environment

6 Product Pre-production product

7 Pilot Low-scale pilot production demonstrated

8 Market introduction Manufacturing fully tested, validated and qualified

9 Market growth Production and product fully operational
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Investment readiness
The investment readiness level indicates the commercial maturity of a marine solution on the spectrum from 
the initial business idea through to reliable financial investment. It addresses all the parameters required for 
commercial success, based on work by the Australian Renewable Energy Agency (ARENA). The six-level scale used 
summarises the commercial status of the solution and is determined by the available evidence in the market.

Community readiness
The community readiness level indicates the societal maturity of a marine solution in terms of acceptability 
and adoption by both people and organisations. It is gauged on the spectrum from societal challenge 
through to widespread adoption. CRL is based on the work by ARENA and Innovation Fund Denmark 
adapted to a six-level scale.

INVESTMENT READINESS LEVEL (IRL)

1 Idea Hypothetical commercial proposition

2 Trial Small-scale commercial trial

3 Scale up Commercial scale up

4 Adoption Multiple commercial applications

5 Growth Market competition driving widespread development

6 Bankable asset Bankable asset class

COMMUNITY READINESS LEVEL (CRL)

1 Challenge
Identifying problems and expected societal readiness, 
formulation of possible solution(s) and potential impact

2 Testing Initial testing of proposed solution(s) together with 
relevant stakeholders

3 Validation Proposed solution(s) validated, now by relevant 
stakeholders in the area

4 Piloting
Solution(s) demonstrated in relevant environment  
and in cooperation with relevant stakeholders to  
gain initial feedback on potential impact

5 Planning
Proposed solution(s) as well as a plan for societal 
adaptation completed and qualified

6 Proven solution Actual project solution(s) proven in  
relevant environment

More details on the readiness levels adopted by Lloyd’s Register can be 
found on the LR Maritime Decarbonisation Hub zero carbon fuel monitor.
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Annex 2: Selected methanol related 
projects to build up industry knowledge  
and comfort

There are several projects over the last decade that have helped raise 
industry knowledge and build a methanol roadmap where shipowners 
feel capable of placing orders, and ports and other infrastructure actors 
can build the required green bunker supply chains.

• Stena Germanica – see inset box on 
page 31

• Fastwater (with Lloyd’s Register and 
Methanol Institute), funded by the 
European Horizon 2020 programme: 
https://www.fastwater.eu

• Effship, 2009 to 2013: www.effship.com

• Greenpilotv, a Swedish project to 
convert a pilot tender to use methanol  
as a fuel. The purpose of the project 
was to demonstrate the value of 
methanol as a marine fuel for smaller 
vessels and was a continuation of the 
Summeth project.

• SPIRETH (with Lloyd’s Register), 
2014: https://www.nordicenergy.org/
wp-content/uploads/2012/03/Poster_
SPIRETH.pdf

• Collaboration, initiated by ScandiNAOS 
AB with the purpose to test in full 
onboard scale (Stena Scanrail) and 
in testbed, methanol and di-methyl 
ether (DME) as fuel and how to handle 
onboard. The latter to serve as input 
to development of rules for highly 
flammable fuel onboard. Participants: 
ScandiNaos, SSPA, Stena, Haldor 
Topsoe, LR, Wärtsilä, Methanex.

• LeanShips (with Lloyd’s Register), 2019: 
https://www.leanships-project.eu/
demo-cases/demo-case-05/overview

• MethaShip

• SUMMETH, ended 2017: http://
summeth.marinemethanol.com

7  |  Other resources and annexes

https://www.fastwater.eu/
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https://www.nordicenergy.org/wp-content/uploads/2012/03/Poster_SPIRETH.pdf
https://www.nordicenergy.org/wp-content/uploads/2012/03/Poster_SPIRETH.pdf
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Readiness standard Criteria

Name Description Capabilities Additional requirements Comments

1 Near net zero 
GHG vessel

Capable of bunkering and operating 
for all onboard energy usage in all 
operating modes

All required equipment 
installed and commissioned

Capabilities apply to all 
energy sources onboard
Cannot be powered  
by fossil fuels

–

2 Low GHG vessel
Capable of bunkering and operating 
for primary propulsion in majority of 
operating modes

All required equipment 
installed and commissioned

Capabilities apply to  
primary propulsion

Fossil pilot fuels acceptable
Dual/multi fuels acceptable

3 Coversion under 
preparation

Primary propulsion capable of using 
fuels in scope 
Some key components already 
installed but not yet commissioned

Minimum requirements
Engine retrofitted for 
fuel in scope 
Fuel storage tank in place

Capabilities apply to  
primary propulsion

–

4 Designed for 
conversion

Fossil fuel vessel with high level or 
detailed design for conversion

– Capabilities apply to  
primary propulsion

Detailed design is preferred 
to high level
Ideally costings for 
conversion provided

5 Potential for 
conversion

Fossil fuel vessel with main engine that 
could use a fuel in scope, if retrofitted

– Retrofit pack available  
for main engine

Will become the norm, as dual or 
multi engines become the default

- Fossil fuel only Has no possibility of retrofit None None –
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Annex 3: Zero 
ready framework

Shipowners need to make 
their own decisions regarding 
their decarbonisation journey. 
Decisions are based on their 
own economic modelling, 
assessments of readiness  
and market conditions.  
This framework, with details 
found in the LR white paper: 
Zero Ready Framework helps 
owners standardise this process.
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Methanol colour Other names Definition focusing upon production

Black – The use of coal as a feedstock, considered to the be the production pathway with highest emissions.

Blue ng-methanol Produced from fossil sources (usually coal or gas), but by utilising carbon capture and storage (CCS),  
the overall CO2 emissions are greatly reduced.

Brown – The same as “black” above – terms used interchangeably.

Green Re-methanol, biomethanol  
and e-methanol

Sustainable electricity (usually wind or solar) is utilised in its production, emitting the lowest possible CO2.  
To be considered truly green, the production should be carbon-negative either by using biomass or direct air capture  
(DAC) technology. The most common method for producing renewable methanol is using hydrogen (produced from  
water electrolysis) and CO2 (from DAC) which are then combined using Methanol Synthesis. Biomethanol is typically  
produced from lignocellulosic feedstocks (biomass) such as agricultural waste and by-products. E-methanol is typically  
produced from carbon dioxide (extracted from ambient air using direct air capture (DAC)) and green hydrogen.

Grey – Has uncontrolled release of CO2. This production is often based on fossil fuels as raw materials. Usually refers to the  
use of natural gas which is used to produce syngas, then made into methanol using the Fischer-Tropsch process.

Pink Red Produced using nuclear power.

Yellow – The same as green methanol but using electricity from the national grid.
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Annex 4: Methanol types table
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