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METHANOL AS PROMISING MARINE FUEL: TECHNICAL ASPECTS OF
APPLICATION

Gorbov V.M., Mitienkova V.S., Lychko B.M.
Admiral Makarov National University of Shipbuilding, Ukraine

Introduction. The shipping industry plays the key role in the global trade, transporting
approximately 90% of the tonnage of all traded goods. Amongst other things, it leads to a significant
contribution of this sector of the economy to the global air pollution. The International Convention
for the Prevention of Pollution from Ships (MARPOL) regulates, among others, air pollution made
by vessels, including requirements for low sulphur emission control areas and ship energy efficiency,
that is the measure of carbon dioxide emission per transport work [9].

In order to reduce air pollution and climate change impacts, the industry itself has establish
targets to cut carbon dioxide emissions by 20% by 2020 and 50% by 2050 [1, 9]. To meet these
demands, ship owners need to consider cleaner fuels and power options, including the use of
renewables. Promising renewable energy sources for shipping application include wind, solar
photovoltaics, biofuels, wave energy, etc [1, 9].

The considerable capability for the use in shipping industry has such alternative fuels as natural
gas, petroleum gas, ammonia and methanol (MeOH). Nowadays, a large potential to be viable
alternatives to marine oil fuels as energy sources for ship propulsion has liquified natural gas (LNG)
and methanol. The latter can be made both from fossil fuels and renewable commodities, namely
natural gas and biomass [4]. When making MeOH, firstly, syngas consisted of carbon monoxide and
hydrogen gas as its main components is produced. Secondly, methanol itself is made from syngas by
the catalytic synthesis [10].

Methanol is quiet environmentally friendly marine fuel. When this fuel is burnt, the level of
restricted air pollutants is less then for marine fuel oils. The CO2 emissions can vary slightly according
to the purity of MeOH; however, purity of the fuel is well controlled in the manufacturing process.
CO2 from combusted bio-methanol is even considered climate neutral. With respect to sulphur oxides
emissions based on content of methanol, itis negligible. Tests performed by Wartsilaand MAN B&W,
the leading manufactures of marine diesel engines, have demonstrated reduction of nitrogen oxides
by 60% during combustion when running on methanol compared to heavy fuel oil [6].

Thus, the studying of the specificities of methanol as marine fuel is a relevant issue.

The purpose of the study is to assess some features and technical aspects of application of
methanol as marine fuel for large cargo and passenger ships.

Main body. Let us discussed the technical pros and cons of methanol as marine fuel, including
safety issues during the voyage, fuel onboard storage and the possible use in conventional marine
diesel engines.

For the shipping industry, methanol can be considered as an alternative to LNG as well as fuel
oils. When it comes to economic benefits, the methanol fuel system onbord and the infrastructure
ashore are substantially less expensive than for LNG. Existing rules and regulations about the
application of MeOH on ships contain largely similar requirements as for LNG [4].

The fuel under consideration shows, amongst other things, highly positive environmental
properties in terms of spill risk and its potential impact on the marine environment. Methanol is
significantly less toxic to marine life than fuel oil, if it has spilled, its effects are nearly
inconsequential, and if, only temporary and reversible [7]. MeOH readily dissolves in water and is
biodegraded rapidly, as most micro-organisms have the ability to oxidize this chemical. When it
comes to fire safety, methanol has low flash point as well as LNG, i.e. it can vaporize and mix with
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air to form a flammable mixture at a relatively low temperature, a fact that has to be addressed in the
safety assessment [2].

As to the design of a specialized fuel system and its main components, methanol can be stored
at ambient temperature and pressure in conventional coated mild steel tanks placed in the ship’ double
bottom, with secondary barriers as liquid leak protection or single walled barriers depending on
adjacent internal spaces [7]. Another storage option is to place methanol tanks on the main deck (Fig.
1) [2]. The very good environmental properties of methanol allow the storage directly at the ship’s
shell and inside the double bottom; an advantage compared to the storage of diesel fuel. The methanol
fuel system equipment can be safely positioned in a ventilated space without an additional airlock,
simplifying the layout design with easier arrangement of vent outlets and smaller hazardous zones [2,
7]. When substituting fuel, there are pieces of equipment on board that have to be added or modified.
This includes fuel tanks, piping and the bunkering system. Other equipment used in ships fueled by
heavy fuel oil, such as boilers and fuel separators, is not necessary if methanol is the primary fuel or
if the other fuel, in a dual fuel engine, is light diesel oil. In retrofit there may be need for cooling the
fuel instead [2, 6].

Fuel valve Methanol
train (GVU) service tank

Methanol
supply

ME-LGI engine Methanol cargo
fuel pump

Double-walled pipes
M Single-walled pipes
Figure 1. Concept of methanol-fuel system for the main ship engine MAN B&W

At present, there are the companies having successful experience of marine diesel engines
developed for methanol that have been used in real operating conditions. Wartsila’s work on
development and testing for conversion of the Wartsila-Sulzer 8 cylinder Z40S was started during the
SPIRETH project in 2011 and continued as part of the Stena Germanica conversion project. MAN
developed their ME-LGI flex fuel engines in 2013, with the first of these engines to be used with
methanol to be installed on chemical tankers delivered in 2016. Evaluation of methanol combustion
is being carried out by Caterpillar and MAN 4 Stroke Division within the METHASHIP project [3].

Wartsila’s results have demonstrated that engines output and efficiency during the operation
on methanol equal to engines running on diesel oil. The engine related conversion on MeOH includes
the conversion kit a stand-alone high-pressure methanol pump with belonging oil unit for supply of
sealing oil and control oil to the fuel — beside an update of the automation system. A common rail
system for methanol injection is added on the engine. The additional piping on the engine allows not
only supply of methanol to the cylinders, but also oil to seal the high-pressure methanol injector as
well as controlling opening/closing of the injector. Methanol high pressure piping are designed as
purge able double walled piping for maximum safety [5].

MAN ME-LGI engines offer a dual-fuel solution for low-flashpoint liquid fuels. The cylinder
covers are equipped with additional methanol booster injectors, achieving a typical injection pressure
of 10 bars. In the dual-fuel solution, a small amount of diesel oil is used as a pilot fuel. To allow the
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conversion of existing engines, the gas-diesel technology is used. A difference from the gas dual-fuel
engine is that the gas compressor used for natural gas is replaced by high-pressure methanol pumps
to increase fuel pressure. In a converted vessel, the conventional fuel system can be kept operable as
a spare system [2, 10].

It is worth noting, that methanol is not only burnt in internal combustion engines, but it also
can be used in fuel cells, in which electric energy on ships may be produced instead of or along with
conventional auxiliary engines. Direct methanol fuel cells constitute an emerging technology that uses
methanol as fuel. They use a polymer membrane instead of an aqueous electrolyte and function in a
manner similar to, but distinct from, that of a lead acid battery. However, nowadays, direct methanol
fuel cells are not widely used onboard of large ships [8].

Conclusion. Methanol may be considered as an environmentally friendly promising marine
fuel. Methanol totally dilutes in water and is biodegradable. It is stored relatively simple onboard in
conventional steel tanks located in the ship’s double bottom or on the main deck. For installation on
newbuildings or retrofit conversions, methanol has clear advantages compared to LNG, requiring
simple non-cryogenic tanking and liquid fuel delivery system. MeOH can be burnt in conventional
marine diesel and dual-fuel engines after minor retrofit.
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