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Executive Summary 
 
New IMO regulations on sulphur content in fuels will come into force in 2020.  In addition, some new 
Emission Control Areas ECAs will be established in 2021.  These regulations will require changes in the 
fuel used in ships and how the exhaust gas is treated. 
 
To meet the new requirements, Owners will have several different solutions to consider. Using fuel 
that meets the Sulphur restrictions is one obvious alternative (MGO, LSMGO and ULSFO), but for ships 
built in 2016 and later that trade into the North American ECA, and ships built in 2021 and later trading 
in the Baltic and North Seas ECA, emissions will also have to meet IMO Tier III NOx levels. 
 
The availability of ultra low sulphur fuel oil and the compatibility of these fuels provided by different 
suppliers (possibly requiring several fuel tanks) will also have to be taken into account before making 
the final decision. 
 
Fuels with a sulphur content higher than 0.5% will be accepted only if proper exhaust gas treatment 
technologies are used. Before a decision is made, the Owner should consider several technical factors: 
weight, space, power consumption, operating principles (open, closed, hybrid), and compatibility with 
NOx treatment systems. Economic factors to be considered in addition to first cost is the maintenance 
cost. 
 
LNG will also be an option, especially for new vessels. LNG will provide a solution to the sulphur issue, 
but NOx restrictions will still have to be considered depending on the operating principle of the engine 
(Otto cycle, vs. Diesel cycle). Availability (and trading distance) is one of the major factors to consider 
for LNG. Currently the LNG supply network is reasonably well developed in Northern Europe, but there 
are several projects ongoing to expand supply globally. 
 
In the longer term, there will be even more fuel alternatives (methanol, bio-fuels, hydrogen, 
ammonia), but commercial use of these fuels is still fairly distant. 
 
We have discussed the economics and operational issues of the different fuel alternatives in a different 
paper, but it is clear that the final decision has to consider the following:  
 

- Total investment cost (including considerations on where necessary installations can be done 
and at what price) 

- Operating and maintenance costs 
- Trading area – resale possibilities 
- Age of vessel – operating years left 
- Financial data – interest rates, rate of return, etc. 
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Summary 
The IMO regulations on Sulphur content in marine fuels will come into force in 2020 and will require 
preparations for almost all Owners. The lowered maximum sulphur content (from 3.5 % to 0.5% 
globally) combined with even stricter requirements in the ECAs (0.1% Sulphur limit in the Baltic and 
North Seas and the North American ECAs) will cause significant challenges to Owners operating in 
international trade. In addition, for new ships built after January 1, 2016 operating in the North 
American ECA and for ships built after January 1, 2021 operating in the Baltic and North Seas ECA 
additional NOX restrictions (IMO Tier III) will be applied, which can further complicate fuel choice 
considerations.  

Fuel Alternatives Considered 
The different fuel options can be divided into three main groups, depending on how mature they are 
in the market. 
 

Group 1, Mature fuels 
• HFO + scrubbers 
• MGO (<0.5% S) 
• LSMGO (<0.1% S) 

 
Group 2, Developing fuels  

• LNG 
• Ultra Low Sulphur Fuel Oil (ULSFO) (<0.5%) 

 
Group 3, “New fuels” 

• Methanol 
• Bio-fuels 
• Hydrogen 
• Ammonia 

 
Selection Criteria 
 
When considering all these fuels, there will inevitably be a discussion about absolute fuel prices and / 
or price differentials. Since fuel price is unpredictable, decisions should be based on sensitivities to fuel 
price fluctuations and scenario-based comparisons. Looking back about 25 years, the large oil company 
mergers were described as necessary since the companies had to prepare to survive on oil prices 
around 10 USD/bbl. Less than 10 years later, the price was well above 100 USD/bbl. 
 
Also to be considered are the additional limits within the ECAs (Sulphur limits 0.1% vs. 0.5%, NOX limits 
in North America and later in the Baltic and North Sea), so some solutions will require preparations for 
two different fuels, which causes additional complications. 
 
For vessels required to comply with IMO Tier III requirements, it must be noted that engines operating 
on the Diesel cycle (high pressure fuel injection) will need either Exhaust Gas Recirculation (EGR) or 
Selective Catalytic Reduction (SCR) to meet the NOx requirements (even if they burn LNG). The SCR will 
limit the sulphur level in the fuel and complicate the installation of scrubbers. Both systems will also 
increase fuel oil consumption and maintenance costs. 
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Group 1 Fuels  
 
Group 1 fuels are those that are readily available globally and widely in use, so there are no technical 
uncertainties, except when considering scrubbers in certain scenarios. 

Residual Fuels 

Residual fuel, most widely referred to as HFO, is currently widely used by most ocean going ships.  It 
is currently limited by regulations to a maximum sulphur content of 3.5%.  From 2020 onward, it will 
be allowed only if there is exhaust gas cleaning equipment installed to reduce the SOx in the exhaust 
to the SOx equivalent of burning 0.5% sulphur fuel.  At this time, it is available in most ports of the 
world and is relatively a low cost fuel.  
 
The economic feasibility of scrubbers is sensitive to both the fuel price differential between HFO and 
fuels that comply with the sulphur limit and with how well they suit specific vessels. Available space 
varies between ship types as does the sensitivity to space and weight. Scrubber installations have 
occurred on many different ship types. Cruise ships for instance are less sensitive to deadweight while 
container vessels and tankers will more clearly suffer in payload. Available space is more a question 
for existing vessels than newbuildings and must be evaluated on a case by case basis.  
 
For new vessels operating within the North American ECA or the Baltic and North Seas ECA that must 
meet Tier III NOx limits, scrubbers are a less attractive option as the NOx limits must be achieved before 
the exhaust gas enters the scrubber.  If the engine does not have an EGR system to reduce NOx, and 
an SCR is used for NOx removal, the maximum sulphur content of the fuel cannot be higher than about 
1.5% to prevent problems in the SCR. One solution could be to use low sulphur fuel with an SCR within 
the ECA and “regular” residual fuel + Scrubber without the SCR in service outside this area. This would, 
of course, complicate the system set-up and increase first cost and operating costs as well as 
maintenance. 
 

Distillate Fuels 

Distillate fuels such as MGO and LSMGO are both technically suitable for all vessels, and are available 
in most ports of the world, but they are also the most expensive fuels.  
 
Ships that decide to use MGO or LSMGO after 2020 will not require any additional exhaust treatment 
for sulphur, but new ships may need to provide treatment for NOx reduction, such as an SCR. 
 
The engine maintenance costs for ships operating only on distillate fuel should be significantly lower 
than the other fuel alternatives as there is no additional equipment required and the fuel is a clean 
refined product. 
 
Group 2 Fuels 
 
Group 2 fuels share one limiting factor, i.e. availability on a global scale. However, it is expected that 
availability will be taken care of once there is a market. For instance, there has been a tremendous 
improvement in availability of LNG within Europe during the past few years, and vessels ordered to 
date signal that the global coverage will improve clearly in the coming years.  
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LNG 

LNG, while the technology to use LNG fuel is been available for many years, there is still a lot of 
development work underway for distribution and for fuel systems, so there is potential to improve 
both LNG price and system cost. Currently, in the non-Norwegian market, most engines using LNG are 
dual fuel engines. This is partly due to the lack of infrastructure (the second fuel allows the use of the 
engines in areas where LNG is not available), but also due to technical challenges to design pure gas 
engines, related to the ignition of the lean gas mixture. That development is, of course, also related to 
the need for spark plugs to ignite the lean gas mixture instead of using pilot fuel.  
 
Once the LNG supply network is better developed, the benefits of the second fuel are reduced, but it 
still provides a back-up in the case of failures in the gas supply system. An additional benefit of the 
pure gas engine is that they have slightly lower methane slip than similar dual fuel engines, both of 
which operate on the Otto cycle (low pressure fuel injection).  Methane slip, which is a large 
contributor to greenhouse gas emissions, is currently not regulated like other engine emissions, but it 
may be in the future.  There are also solutions both for medium and low speed dual fuel engines based 
on the Diesel cycle which results in no methane slip, but that produce NOx at higher levels than the 
Tier III limits.  Presently, the only gas engines using the Diesel cycle on ships are the large two-stroke 
high-pressure gas-injected dual fuel engines offered by MAN. 
 
There is also significant development work underway on the LNG tank side. So far, almost all 
installations have been with C-type tanks (pressure tanks). Only very lately, on larger cargo vessels with 
low speed engines, have other tank-solutions been adopted, such as membrane tanks. These will, in 
relative terms, be cheaper and make LNG more competitive since they are more volumetric efficient 
than C tanks. It is also expected that C-type tanks cost will reduce as business develops and competition 
increases. 
 
LNG is somewhat less suitable for conversions, as it requires converting or replacing engines, the 
significant addition of a fuel treatment and supply package, and the addition of a specialized fuel 
storage system with larger volume than the existing fuel oil tanks to retain a similar range. 
 
LNG will reduce maintenance needs due to its cleanliness, a factor that can have a clear impact on 
feasibility. Today there is still limited knowledge on the difference in total maintenance cost for LNG 
compared to HFO/MDO/MGO as LNG has been in use for a limited time on a limited set of vessels and 
the maintenance costs for the specialized LNG fuel storage and gas supply systems are still being 
clarified. 
 

Ultra-Low Sulphur Fuel Oil 

ULSFO will probably develop the same way and has already a wider coverage than LNG. In the shorter 
run, both fuels are limited by availability, so existing vessels cannot rely on them in total. Presently, it 
seems that ULSFO is not a standardized fuel and has issues with incompatibilities, so fuel systems will 
have to be prepared to allow segregation of at least two different fuels with proper arrangements for 
switch-over.  
 
Technically, ULSFO will require emphasis on viscosity to assure proper lubricating capability. This may 
require installation of additional heaters and control systems. The use of ULSFO comes with the risk of 
fuel in-compatibility between suppliers, so there could be a need for additional fuel tanks, which may 
be an issue for existing vessels. There are also discussions on the global supply of ULSFO and how it 
will be able to meet the demand if a large portion of the global fleet decides to use ULFSO. Current 
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capacity does not meet the demand, but there are opinions that sufficient investments will be made 
to meet the increased demand. In any case, this introduces a certain level of uncertainty to the 
selection of ULSFO. 
 
Maintenance costs for ULSFO should be quite similar to current ships maintenance when using HFO. 
 
Group 3 Fuels 
 
Groups 3 fuels are in a developing stage.  
 

Methanol 

Methanol has been tested as fuel by Stena on one Ropax vessel, with Wärtsilä as the engine maker. 
Stena has considered methanol as a more long-term solution than LNG. There are already new 
producers entering the market (http://marinemethanol.com/). Methanol differs in some respects 
from oil based fuels regarding requirements on the ship: It can be stored in shell tanks (makes ship 
designs more efficient), but it will require an inert gas supply. It is also less dense than oil fuels and has 
less energy per volume, so fuel tanks will take up more space than on oil burning vessels. The need for 
inert gas will also reduce the economic feasibility. Three methanol-propelled tankers were delivered 
in April 2016 from South Korean and Japanese shipyards. Another four methanol-burning ships entered 
service in October 2016. There are plans for construction of many more ships. 
 

Biofuels 

There are also other biofuels that are being tested on marine applications at this time. Wärtsilä has 
delivered a tri-fuel engine package for one vessel operated by a Finnish owner (who also owns a biofuel 
plant). Different bio-fuels are in use in the automotive industry already, driving the general 
development in the industry. There are several bio-fuel plant projects ongoing, so it may become a 
serious contender in a longer perspective, especially since it will not require investments on ships as 
large as LNG, but at the same time it is not (at least currently) suitable for existing vessels without 
major engine modifications.  
 

Ammonia 

Ammonia was used in automobile applications during World War II and can be used as fuel both for 
fuel cells and internal combustion engines (ICE). ICEs would require some modification and would also 
require a pilot fuel as ammonia requires very high pressure to ignite in diesel engines. Ammonia also 
has less energy per volume, leading to larger tank sizes. Ammonia will also require special safety 
precautions as ammonia vapours cause irritation to humans at low concentrations and are lethal at 
high concentration. Ammonia also, when looking holistically at emissions, is less suitable when the 
target is to reduce overall carbon emission. This is because most ammonia is produced from natural 
gas and the production of ammonia will, therefore, increase carbon emission, even if the use of 
ammonia as fuel will not emit any carbon. 
 

Hydrogen 

Hydrogen is of all these options farthest away from commercial application. There have been 
discussions about a first hydrogen powered cruise vessel. Hydrogen as a fuel is based on the use of 
fuel cells. There are several research projects ongoing for fuel cells for marine use and there have been 

http://marinemethanol.com/
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some recent developments bringing the fuel cells to a larger power level. In December 2017, ABB 
announced a contract to provide fuel cells for Royal Caribbean cruise ships. The power level is only 100 
kW, so there is still a way to go to propulsion power levels. There are also discussions that fuel cells 
based on LNG as fuel will be applied in cruise ships on order, but no formal announcements have been 
made yet. The advantage of fuel cells is, of course, (somewhat depending on fuel) lack of harmful 
exhaust gases and higher efficiency than combustion engines. At the same time, fuel cells will have a 
disadvantage both in space and weight compared to other alternatives. 

Economic Considerations for fuel selection  
In an earlier study1 HEC compared fuel options by calculating the Equivalent Uniform Annual Cost 
(EUAC) for different fuel options when operating a vessel within the North American ECA. The chart 
below shows results for a midsize Tanker built in Asia based on fuel prices over the last 5 years (2013 
through 1Q2018).  It can be seen how the different cost factors affect the economic outcome. 
 

 
 
There are several challenges in the comparison 
 

- Accurate estimation of investment cost 
- Accurate estimation of operating and maintenance cost 
- Financial parameters (interest rates, length of investment period, resale value, etc.) 

 
Estimating the fuel price is the biggest challenge of all. Therefore, we recommend that comparisons 
are made so that the outcome is compared at a range of different fuel prices / price differentials. This 
will give the Owner the basics for a proper evaluation of different scenarios, including those where the 
chosen fuel is not available due to supply issues 
 

Summary 
Overall, it is not possible to make any firm recommendations that would apply to all ships. Generally, 
the longer the route the ship operates, the more likely it is that the Group 1 fuels become most feasible 
due to the increased costs associated with Group 2 or 3 fuels to ensure adequate range and availability, 

                                                           
1 Analysis of Fuel Alternatives for Commercial Ships in the ECA Era, HEC – E. Van Rynbach, K. Briers and  
N. DelGatto, March 2016, available at www.Herbert.com. 
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as well as other factors such as fuel efficiency and operating costs. In the case of vessels operating on 
the spot market, MGO and HFO with scrubbers will be preferred, as they do not have limitations in 
availability. However, at the same time scrubbers are restricted in their use together with NOx reducing 
technologies. Other parameters of importance are life time of investment, operating areas (ECA or not, 
fuel availability), as well as possible other image related considerations (interest in environmental 
brand building, etc.).  
 
It should also be noted that the current North American ECA rules express concerns about PM levels, 
even if no specific limits have been set. There are, however, already limits (Tier 4) for smaller engines 
(less than 30 liters/cylinder displacement) and it is natural to assume that similar limitations may be 
applied later to larger engines. These limits may additionally hurt the applicability of scrubbers, as 
particle emissions are tightly related to sulphur levels in the fuel and scrubbers are not expected to 
remove the particles to a sufficient degree even if the sulphur is removed. 
 
It should also be noted that PM also results from the ash content and carbon residue in fuels that are 
not distillate fuels.  This makes the future suitability of ULSFO somewhat questionable if PM limits are 
applied in ECAs. 
 
We recommend that ship specific studies are made to compare the available options. The studies 
should end up in a sensitivity study regarding price differentials and, in some cases, absolute prices for 
different fuels. All studies should also consider the implications of different trading routes (different 
ECAs) so that Owners can judge how the selected solution impacts the second-hand value for the vessel 
and possible trading routes. Consideration should also be given to the future establishment of new 
ECAs. Large ocean-going cargo vessels that only occasionally enter any ECAs are much more clear cases 
than smaller vessels operating on coastal routes in partly ECA, partly non-ECA.  
 
There is of course a clear difference in refits on existing vessels compared to newbuilds. For newbuilds, 
Group 2 and Group 3 fuels are a more realistic alternative, as they may develop into globally available 
fuels during the life time of the vessel. For Group 3 fuels, there are still technical challenges to 
overcome, while the main hurdle currently for Group 2 fuels is the lack of availability. 
 
So, to summarize: 
 

 There are many parameters affecting the choice of fuel 
 Fuel price is the most uncertain, use sensitivity analysis as basis for your decision 
 Even if the focus is now on SOx, please remember NOx in the North-American ECA (and in 

a few years in the Baltic & North Sea ECA) and the indirect restriction on PM 
 Do your own studies and base your work on parameters relevant for you. There are lots of 

“tailor made” studies floating around. 
 
 


	Executive Summary
	Summary
	Fuel Alternatives Considered
	Selection Criteria
	Group 1 Fuels
	Residual Fuels
	Distillate Fuels

	Group 2 Fuels
	LNG
	Ultra-Low Sulphur Fuel Oil

	Group 3 Fuels
	Methanol
	Biofuels
	Ammonia
	Hydrogen


	Economic Considerations for fuel selection
	Summary

