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in  t h e  n ex t  f i v e
y ea r s . "

A L T E R N AT I V E  F U E L S  –
W H AT  D O E S  T H E  F U T U R E
H O L D  F O R  S H I P P I N G ?
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The sh ipping indus t r y  has a v i ta l  ro le  in  a ne t  zero carbon fu ture.  In  response to  the Par is  Cl imate

Accord,  the In ternat ional  Mari t ime Organisa t ion has se t  ambi t ious  goals  o f  ha lv ing greenhouse gas

(“GHG”) emiss ions by 2050, compared to 2008, whi le  a t  the same t ime reducing carbon dioxide

emiss ions in tens i ty  by 40% by 2030 and 70% by 2050.

In our recent report “The Sustainability Impera�ve – Part 1” – which drew on a

series of in-depth interviews and a global survey of 545 senior industry leaders – the

results showed that fewer than a third of shipping operators plan to use any

alterna�ve to tradi�onal bunker fuel or liquefied gas such as LNG or LPG in the next

five years; possibly out of cau�on and a desire to avoid making what might turn out

to be the wrong choice in a 20 to 30-year investment. That said, the report also

indicated that, as one source commented, “other alterna�ve fuels need to come

a�er LNG and the industry needs to keep working on finding those future carbon-

neutral fuels”. It was also interes�ng to see from the report which of the alterna�ve

fuels are currently being considered by survey respondents as indicated in the

diagram below.

Al ternat ive fue l  sources  being cons idered for  fu ture use
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The following is a brief summary of possible fuels to replace heavy fuel oil (“HFO”).  It seems clear that there will be a con�nuing

need for liquid fuels for the deep sea fleet and for long sea passages as no other way to store large quan��es of energy has yet

presented itself.  There are a number of addi�onal solu�ons focussing on ba�ery or hybrid technology that seem be�er suited to

the short sea fleets as these have to travel less distance between poten�al recharging/refuelling sta�ons. Those technologies

and how they may change the current trading pa�erns will be the topic of a later ar�cle. While some of these fuels (and

technologies) may eventually prove to be intermediate solu�ons, they remain an essen�al part of the industry’s journey to its

carbon neutral future.

L iqui f ied Natura l  Gas (“LNG”)

Chemically, LNG is very close to natural gas, currently being used for domes�c and industrial purposes. LNG is virtually sulphur-

free as a result of its produc�on process. Using LNG results in the near elimina�on of the sulphur from the exhaust resul�ng in

be�er air quality.

LNG is stored in insulated tanks as its boiling point is -162°C at atmospheric pressure.  While LNG has a higher energy density

than HFO, it has a low volumetric density and this results in storage of LNG fuels taking twice the space of HFO. Due to the tanks’

unique construc�on these can take up to three �mes the space of HFO storage. This can be an issue when considering a

retrofi�ed LNG system.

Watson Farley & Williams LLP Registered office: 15 Appold Street, London, EC2A 2HB, UK   |   T: +44 20 7814 8000   |   F: +44 20 7814 8141/2 2



" LNG i s  c u r ren t l y  no t
a  comp l e t e  an swe r  t o
t h e  ma r i n e  f u e l s
p rob l em ,  t hough
when  comb i ned  w i t h
advance s  i n  ca rbon
cap t u re  and  o t h e r
t e c hno l og i e s  t ha t  w i l l
i n e v i t ab l y  d e v e l op  i n
t h e  f u t u re  i t  doe s
p re s en t  i t s e l f  a s  a
s t rong  con t ende r.  "

" The re  i s  c u r ren t l y
l e s s  i n f ra s t r u c t u re
f o r  L PG  t han  f o r  LNG
bu t  a s  t h i s  f u e l
b e come s  mo re
common l y  u s ed ,  t h i s
may  c hange .  "

Slippage is also a factor. Slippage occurs as a result of not all the fuel being burned in

the combus�on process of the engine or gas lost during transfer.  A great deal of

benefit of the lower CO2 release of this fuel when used as a fuel can be lost because

of slippage.  Methane (the main component of LNG) lasts for a shorter period in the

atmosphere than CO2, but its impact as a greenhouse gas is approximately 25 �mes

greater than CO2 over a 100-year period.  As a result, there need to be technological

advances to prevent slippage up and down the supply/consump�on chain.

The infrastructure for LNG bunkering is con�nuing to rapidly improve and LNG is

available worldwide, although, unsurprisingly, not as ubiquitous as HFO.

LNG technology is available today and more and more vessels are being delivered

into service opera�ng on LNG. LNG is currently not a complete answer to the marine

fuels problem, though when combined with advances in carbon capture and other

technologies that will inevitably develop in the future it does present itself as a

strong contender. Certainly, at present it does provide a neat solu�on to some of the more pressing pollu�on issues and in

par�cular air quality around port areas.

L iqui f ied Pe t ro leum Gas (“LPG”)

The term LPG is any mixture of propane and butane in liquid form.  More commonly thought of as a by-product of the

produc�on of refining of oil, using it as a fuel provides a 16% reduc�on in CO2 emissions when compared with HFO on a like for

like basis. Similar to LNG, the use of LPG largely eradicates sulphur emissions from fuel burn. LPG can be used in two and four

stroke engines and also in gas turbines.

LPG also looks like an a�rac�ve alterna�ve to solve the replacement of HFO but, as with LNG, there is the issue of slippage to

factor in, although the warming poten�al of LPG is between three and four �mes higher than CO2.

Storage of LPG is either pressurised or refrigerated. The simpler and preferred solu�on is to store the fuel under pressure.

Pressurised storage is simpler to install when the LPG plant is being retrofi�ed. As with LNG, LPG storage requires larger tanks.

There is currently less infrastructure for LPG than for LNG but as this fuel becomes more commonly used, this may change.  LPG

can be bunkered with shore connec�ons but can also be transferred by ship to ship bunkering.

Methanol

Methanol has the lowest carbon content and highest hydrogen content of any liquid

fuel and has the benefit of liquid storage at atmospheric pressure. It can also be

used in two and four stroke engines. Methanol is also widely available with 88 of the

world’s largest 100 ports being able to supply.
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"Cu r ren t l y  t h e re  i s
no  h yd rogen
bunke r i ng
i n f ra s t r u c t u re  f o r
s h i p s  on  a  g l oba l
l e v e l  b e cau s e  o f  t h e
v e r y  l ow  demand . "

Produc�on of methanol is mainly from natural gas or coal but is also from renewable

resources like agricultural waste, paper mills and black liquor from pulp. Considering the en�re life cycle (well-to-wake) of

methanol including the produc�on of the fuel from natural gas, the total carbon dioxide emissions are similar or slightly higher

than the corresponding emissions of oil-based fuels – this is much higher for produc�on of methanol from coal. However,

methanol is considered a clean-burning fuel that produces low GHG emissions (SOx, NOx and par�culate ma�er) and as

mari�me fuel is compliant with the requirements of the strictest emission control areas.

Standard fuel tanks used for storing HFO or marine diesel can be used for storing methanol, but they require certain

modifica�ons mainly because of its low flashpoint. Around two and a half �mes the space is required for storing methanol on

account of its low energy density.

Hydrogen

Hydrogen is non-toxic gas and is therefore seen as a real alterna�ve to fossil fuel or carbon-based alterna�ves. There is some

debate in the scien�fic and engineering communi�es as to how viable hydrogen is as a clean fuel but it seems one of the

solu�ons with the longest-term future. Hydrogen is also seen as a new technology with fuel cells being the preferred solu�on to

the combus�on engine.

When hydrogen is used on ships as fuel it can be stored as a cryogenic liquid, compressed gas or chemically bound as hydrogen’s

boiling point is very low. Hydrogen produces zero carbon dioxide emissions when used in fuel cells as converter of energy and

could eliminate emissions of GHG (NOx, SOx, par�culate ma�er) from ships. The use of hydrogen with internal combus�on

engines could also eliminate GHG other than NOx as NOx is always a by-product of combus�on in a combus�on engine.

Hydrogen’s energy density is approximately three �mes that of HFO but the volumetric density significantly lower. Consequently,

the liquefied hydrogen when stored takes up approximately five �mes the space of the same energy stored in HFO. Where

hydrogen is stored as compressed gas the same ra�o increases to 15 �mes the volume of HFO. Hydrogen is also the smallest

molecule in the universe and can leak through the �niest of gaps.

Hydrogen is most commonly used in the transporta�on sector by reforming natural

gas. If the CO2 produced from such reform could be captured, hydrogen could

provide shipping a zero-emission solu�on. The same outcome can be achieved if

hydrogen is generated using renewable or nuclear produced energy.

Currently there is no hydrogen bunkering infrastructure for ships on a global level

because of the very low demand. The technology for producing hydrogen from

electrolysis is known and readily available and therefore could be applied in ports

provided that there is sufficient non-carbon electrical power to sustain the

produc�on process.

For more informa�on on hydrogen, please see our hydrogen series here.

Ammonia
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" I t  i s  c l e a r  t ha t  no
one  f u e l  c u r ren t l y
p re s en t s  a  comp l e t e
s o l u t i o n . "

Ammonia is also carbon free, though at present it is mainly produced from fossil fuel-based hydrogen. However, advances in the

produc�on of ammonia may allow for the produc�on of renewable ammonia some�me in the future. If ammonia could be

produced from renewable energy sources, itcould present another renewable fuel solu�on.  Like Hydrogen, it requires a rethink

of current engine technology.

Ammonia’s energy density is lower than the carbon-based alterna�ves. In liquid form and at atmospheric pressure it can be

stored at -33.4°C solving some of the storage problems when compared with hydrogen. At a storage temperature of 20°C, the

storage pressure would only require 10 bar.  Unfortunately, ammonia is a more difficult substance to store and use, it is highly

toxic and corrosive and requires fuel storage and transfer systems constructed from stainless steel and Teflon seals.  This

presents a series of challenges not least from a health and safety perspec�ve.

The rela�vely low energy density of ammonia means higher storage volumes but only around two and a hal�imes more than

HFO.

One poten�al solu�on to the energy density issues is the mixing of ammonia with hydrogen, which has higher energy density.

The posi�on in respect of distribu�on and available technologies rela�ng to ammonia are similar to those of hydrogen.

There is li�le to no bunkering infrastructure at the moment for ammonia as there is no commercial demand and the shipping

industry will need to overcome the storage and transfer challenges where others have failed. However, many sector par�cipants

are taking a hard look at ammonia.  As the expression goes, “watch this space”!

Conclus ion

It is clear that no one fuel currently presents a complete solu�on.  Those listed above that currently have widespread

commercial applica�on reduce, but do not eliminate, carbon emissions from their use.  Some cri�cs even go as far as to say they

pose a greater risk because of the warming effect of inten�onal and uninten�onal escapes of the fuel.  Hydrogen and ammonia

which appear to be cleaner alterna�ves for the future are not yet ready for widespread commercial implementa�on and that

day seems some way into the future.

Evidence on climate change means that ac�on to use an alterna�ve fuel source is

required immediately. S�ll in ques�on is who should take the lead in funding

research into alterna�ve fuels and other efficiencies for shipping; in our report

almost half of survey respondents took the view, which was broadly shared across

financiers and operators in all regions, that it falls to governments to take the lead

on this. In the absence of a clear single solu�on and given the range of op�ons (none

of which are par�cularly complementary), the industry would benefit from at least

incen�visa�on and guidance (if not more) as to the choice to make. A swi� move towards an interim ‘transi�on’ (or ‘transi�ons’)

whose benefits outweigh the disadvantages, and which did not inhibit the implementa�on of an ul�mate solu�on would surely

be beneficial if it could be achieved
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DISCLAIMER
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Bangkok, Dubai, Dusseldorf, Frankfurt, Hamburg, Hanoi, Hong Kong, London, Madrid, Milan, Munich, New York, Paris, Rome, Seoul, Singapore, Sydney and Tokyo
our 700+ lawyers work as integrated teams to provide prac�cal, commercially focussed advice to our clients around the world.
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to a ‘partner’ means a member of Watson Farley & Williams LLP, or a member, partner, employee or consultant with equivalent standing and qualifica�on in WFW
Affiliated En��es. A list of members of Watson Farley & Williams LLP and their professional qualifica�ons is open to inspec�on on request.

Watson Farley & Williams LLP is a limited liability partnership registered in England and Wales with registered number OC312252. It is authorised and regulated by
the Solicitors Regula�on Authority and its members are solicitors or registered foreign lawyers.

The informa�on provided in this publica�on (the “Informa�on”) is for general and illustra�ve purposes only and it is not intended to provide advice whether that
advice is financial, legal, accoun�ng, tax or any other type of advice, and should not be relied upon in that regard. While every reasonable effort is made to ensure
that the Informa�on provided is accurate at the �me of publica�on, no representa�on or warranty, express or implied, is made as to the accuracy, �meliness,
completeness, validity or currency of the Informa�on and WFW assume no responsibility to you or any third party for the consequences of any errors or omissions.
To the maximum extent permi�ed by law, WFW shall not be liable for indirect or consequen�al loss or damage, including without limita�on any loss or damage
whatsoever arising from any use of this publica�on or the Informa�on.

This publica�on cons�tutes a�orney adver�sing.
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