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which is available from a variety of sources based on literature and internet research, we do not make any warranties about the completeness,
reliability and accuracy of the information. The reader must accept therefore that the use of this information is on his own risk and there could be no
legal liability resulting from the content herein presented, stated and referred to.

Advantages and disadvantages of selected alternative marine fuels
Alternative fuels are considered to play most likely the biggest role in the way of achieving Zero
emissions in the Shipping Industry.
We at SP Maritime believe that smartly choosing a combination set of innovative measures to abate
the air pollution will not only bring sooner full Return of Investments to the Maritime Business, but
this could become also a profitable Business case, while contributing to the common goal of a
cleaner World.

Fig.1 Global CO2 emissions by sectors. International Shipping responsible for 2.7% of the GHG emission of
Carbon Dioxide. Reference Marigreen presentation in MARIKO GmbH, 28.06.2018. https://www.marikoleer.de/downloads/praesentationen/

Four of the most discussed alternative fuels are briefly compared here with their advantages and
disadvantages – LNG, Methanol, Ammonia, Hydrogen.
New fuels could bring best results for abatement of GHG emissions if combined with different
measures like: efficiency through hydrodynamic optimization, operational measures as slow
steaming and economies of scale, machinery improvements as ICEs/ fuel cells/turbines, wind and
solar power, mixture of Hydrogen in the conventional diesel oil for improved efficiency,
electrification with batteries and hybrid solutions and a smart combination of all these.

LNG – Liquefied Natural Gas is widely spoken as a short term replacement of the HFO. The
resources of Natural Gas are abundant and easily accessible. The Natural Gas is presently cheaper
than the HFO. The Natural gas is cooled at -162 deg and transported in isolated cryogenic tanks at
atmospheric pressure in the most of cases with ocean going shipping as cargo and as fuel. By
liquefaction its volume is reduced 600 times.

Fig. 2. Presentation of LNG properties. Reference Marigreen presentation in MARIKO GmbH.
https://www.mariko-leer.de/downloads/praesentationen/

LNG advantages:
✔ Resources of the Earth are bigger than Crude oil. Abundant.
✔ It is presently cheaper.
✔ Do not emit SOx at all. Comply with air pollution requirement imposed by IMO for 2020.
✔ App. 80% reduction of NOx emissions.
✔ NO particles emitted.
✔ The CO2 mitigation potential of LNG ranges between 5-30% compared to the heavy fuel oil (HFO)
(Bouman et al., 2017). (International Transport Forum, Decarbonising Maritime Transport, 2018).
Calculated around 11% CO2 reduction of emissions with the Well to Propeller method. (MariGreenConference-LNG-4.0-Doeksen, Sep.2018)

✔ Its Properties and handling are well studied and LNG is a proven solution with a
considerable amount of new building vessels and retrofitted ships operating safely around
the world.
✔ It can be burnt in Internal Combustion engines – dual fuel engines, where switching between
fuels can be done automatically and immediately.
✔ As fuel of Gas Turbines, there is no methane slip and better efficiency.
✔ The LNG infrastructure can be possibly converted for the use of alternative fuels in the

longer term – onboard and ashore (similar gas fuel liquefied at similar temperature)
LNG disadvantages:
✗ Considerable amount of investment onboard the vessels for installation of cryogenic tanks,
systems and engines modifications (if retrofitting).
✗ Supply infrastructure is not fully developed (except some major EU ports). So MDO/MGO
fuel is still necessary.
✗ Although liquefied, LNG still require more space (volume) for the same transportation work
in comparison to HFO, resulting in cargo space loss.
✗ It is still a fossil fuel.
✗ Methane is a very potent GHG with global warming potential 28 times higher than CO2
over a period of 100 years and 84 times higher over a 20 years period (Anderson et al.,
2015) (International Transport Forum, Decarbonising Maritime Transport, 2018).
✗ ICEs do not completely burn the methane – the so called methane slip, which in addition to
the leaks upstream in the fuel production, processing and transmission (that could be
considerable) could lead to adverse effect on the Global Warming, bigger than using HFO
(except SOx and NOx emissions).
✗ Training to Crew is required to handle cold -162 liquid and explosive as a gas. Bunkering.
✗ Different Supplies of LNG has different methane contents, which results to different fuel
properties affecting the performance of the Internal Combustion Engines.
Conclusion: although LNG might not be an attractive solution on the long term, being still a fossil
fuel and lose its GHG mitigation effect, it definitely plays a role in the diversification of the marine
fuels and the transition to Zero emission fuel. It is a commercially ready technology.
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Methanol – CH3OH. It has many names like methyl alcohol, methyl hydroxide etc. It is a liquid at
ambient temperature, volatile, colourless, odourless and flammable. It is not toxic and is mixing
with water and carbon fuels. It is used in the production of synthetic plastic materials, it is used as
solvent, antifreeze, in the production of insecticides and fertilizers. Nowadays it is produced mainly
from Natural gas, but can be produced from H2 and carbon monoxide/dioxide via reactions using
renewable energy. Octane rating is around 110 - 115, making in suitable to burn in gasoline(petrol)
engines, where the fuel mixed with air is highly compressed. A mixture with petrol (benzine) boost
the octane number and the fuel performance.
Methanol advantages:
✔ Easily and affordably transported as liquid. Use of the existing infrastructure for storage and
distribution.
✔ Can be burnt in Internal Combustion Engines - ICE (gasoline engines) and fuel cells.
✔ Significant world production of methanol already present.
✔ 95% reduction in SOx emissions and 60% reduction of NOx. 95% reduction in particle
matter. [ITF, 2018]
✔ It has a CO2 emissions reduction potential of around 25% compared to HFO.(better than
LNG).
✔ Cheap fuel, price is similar to diesel and gasoline (differences can come from bunkering
costs)
✔ Synthetic fuel that represents in fact a Hydrogen carrier (energy carrier/storage).
✔ It can be mixed with gasoline/petrol to increase the octane number and the fuel performance.
✔ The ICE run on methanol has proven lower wear rate.
✔ It can be produced from CO2 and hydrogen (from electrolysis) using renewable energy.
✔ A green fuel with algae as a CO2 capture or other methods of CO2 capture under
development.
✔ More energy density than H2. See figure 3.
✔ Technology is improving with the development of RMFC. Reformed Methanol Fuel Cell or
indirect methanol fuel cell is a new technology with better efficiency 40-50%. Using steam
reforming - a reformer. Operating temperature 160deg. Evaporating the methanol.
Developed by the company Serenergy. [Serenergy,2018]
Methanol disadvantages:
✗ Although there is a mitigation of CO2 emission, it is still a carbon fuel. I is still poluting the
air, unless produced with renewable energy and captured CO2.
✗ “The energy carried by methanol is less than was needed to make it,” - Ulf Bossel at the
European Fuel Cell Forum in Oberrohrdorf, Switzerland. [New Scientist article, 2018]

Fig. 3. Volumentric and Gravimetric Energy Density of Alternative Fuels. Reference Marigreen presentation
in MARIKO GmbH, 28.06.2018. https://www.mariko-leer.de/downloads/praesentationen/
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Fig. 4. Altenative fuels green production options. Reference Innogy SE – Henning Joswig, Feb.2018

Ammonia – (NH3):
a) Introduction: it is colourless gas with a specific pungent smell [ Britannica, 2018]. It is composed
of Nitrogen and Hydrogen and it does not contain Carbon atom. Ammonia has alkaline properties
and is corrosive [Wiki, 2018].
b) Where can be found in the environment: Ammonia can be found in trace quantities in the nature
from the decomposition of organic matter, including plants, animals and animal wastes, it occurs in
soil from bacterial processes [DepHealth, 2011] and is part of the Nitrogen cycle. It is essential for
many biological processes [CHM, 2003].
It exists in the human body in small concentrations made by bacteria in the intestines and the body's
cells while the protein is processed [URMC, 2018]. If there is a failure of the liver or the kidney,
which are supposed to turn ammonia into urea and excrete it, this lead to accumulation of ammonia
in the human blood and causes hyperammonaemia.
c) Safety: Ammonia is highly toxic in high concentrations. Exposure to high concentrations of
ammonia in air causes immediate burning of the eyes, nose, throat and respiratory tract and can
result in blindness, lung damage or can be fatal. Inhalation of lower concentrations can cause
coughing, nose and throat irritation [DepHealth Gen, 2011]. However, exposure to ammonia at
environmental concentrations is unlikely to have adverse effects on health [SEPA]. There is no
antidote for ammonia poisoning, but ammonia's effects can be treated, and most victims recover.
The harm caused by ammonia in water bodies (aquatic life) is more serious, because it is very toxic
to aquatic organisms [SEPA].
d) Industry use and production: Ammonia is industrially produced in large quantities and it is used
in the agriculture as fertilizer. It is also used as refrigerant gas, purification of water supplies,
manufacture of plastics, explosives, textiles, pesticides, dyes and other chemicals. It is found in the
household cleaning solution with water [DepHealth Gen, 2011].
Most of the ammonia for the industrial use is presently produced by the Harber-Bosch process to
synthesise ammonia from Nitrogen from the air and Hydrogen stripped away from the natural gas
or coal in up to 250 atmospheres of pressure in a tall, narrow steel reactors [SciMag, 2018] [CHM,
2003]. This process is considered to be far away from green, although it is being improved.
Ammonia can be produced 100% from renewable energy sources using water electrolysis and
Nitrogen from air.
e) Transportation: Ammonia can be liquefied and stored at -35 deg and atmospheric pressure and
can be transported liquid either cooled or under pressure.
f) Energy contained: Ammonia compared to hydrogen is that its liquid form allows more hydrogen
storage per cubic meter (nearly double [SciMag, 2018]) than in liquid hydrogen and without the
need for cryogenic storage, which makes it a suitable hydrogen “carrier” [ITF, 2018] .
g) Combustion: When mixed with Oxygen - 15 to 25% air, Ammonia burns [Wiki, 2018]. It can be
used as a fuel in the Internal Combustion engines – compression dual fuel engines (diesel) with a
pilot burner and spark ignition engines, gas turbines and fuel cells. The combustion of ammonia to
nitrogen and water is exothermic:
4 NH3 + 3 O2 → 2 N2 + 6 H2O
Ammonia hence emits zero carbon dioxide (CO2), zero sulphur oxides (SOx) [ITF, 2018] . As well
its NOx are easily neutralized (NH3 is used as the active chemical reactant in NOx reduction – SCR
selective catalytic reduction [NH3fuelassociation].
Ammonia is an attractive carrier of Hydrogen, where hydrogen can be burnt in Hydrogen fuel cells,
after spending some energy to release it.
Ammonia advantages:
✔ Fuel for direct combustion and fuel cells. Multiple ways of application with dual fuel
compression ICEs (with a pilot diesel ignition), spark ignition ICEs, gas turbines, thermal
power plants (industrial furnaces and boilers) with 100% ammonia and/or mixture of gases
(methane, LPG, kerosene, coal powder etc.), fuel cells and as a hydrogen carrier.

✔ Ammonia can be used in retrofitted internal combustion engines with minor modifications.
✔ No carbon atom contained. Along with hydrogen, ammonia is a fuel that has no carbon
emission when combusted, because it doesn’t contain carbon.
✔ It may contribute a small amount of nitrous oxide emission, which can be relatively easy
controlled, since NH3 is used as the active chemical reactant in NOx reduction – SCR.
✔ Zero Sulphur oxides SOx.
✔ It is a clean Hydrogen/energy carrier, (if produced by electrolysis and renewable energy).
✔ As Hydrogen/energy carrier it contains almost double hydrogen per cubic meter more than
Liquid Hydrogen Fig. 5. Therefore, hydrogen can be more economically transported in the
form of ammonia, even after accounting for chemical conversion losses [AmmoniaEnergy,
2018].
✔ Ammonia has a high octane rating (about 120 versus gasoline at 86-93). So it does not need
an octane enhancer and can be used in high compression engines [AGMRC, 2018].
✔ It can be produced only by renewable energy and water anywhere in the world.
✔ Liquefaction at -33.4 deg C. (much less than Hydrogen (-253 C) leading to capital cost
advantage. Ammonia gas is easily compressed and forms a clear liquid under pressure 17
bar.
✔ Similar to propane or liquid petroleum (LPG) gas, ammonia is a gas at normal temperature
and can be easily liquefied by cooling or under pressure.
✔ It is lighter than air and rapidly dissipates in the atmosphere.
✔ It is successful in the land-based installations as a fuel for cars and buses.
✔ Ammonia is industrial widely traded commodity, predominantly as a fertilizer. About 80%
of the ammonia produced by industry is used in agriculture as fertilizer. [DepHealth Tech,
2005]
✔ There is already significant port loading infrastructure, handling experience and safety
ammonia know-how [ITF, 2018].
✔ The most important point is that the supply chain is already established. Currently,
ammonia is widely used as fertilizer and chemical raw material all over the world, and mass
transportation system by tankers is already set up [JST, 2017].
✔ It is commonly found in nature.
✔ Gasoline may produce carcinogenic vapours but ammonia is not carcinogenic.
✔ Ammonia does not burn readily or sustain combustion except under narrow fuel-to-air
mixtures of 15-25% air. Explosions and fire are less likely with a ruptured ammonia tank
than with gasoline.
✔ NH3 has acute toxicity with strong smell and easy to detect but not chronic toxicity, and
safety measures are common practice [NH3fuelassociation].
✔ Despite its toxicity, ammonia has an excellent safety record in the fertiliser industry and a
well established transportation network.
✔ Existing natural gas and petroleum pipelines can be potentially cost-effectively converted to
carry ammonia [AGMRC, 2018].
✔ If released in an accident, NH3 is very difficult to ignite, is lighter than air (dissipates
upwards), and its odour alerts [NH3fuelassociation] and [ASTI, 2016].
✔ NH3 is not a Greenhouse Gas (GHG) itself [NH3fuelassociation].
✔ Will not damage the ozone layer [NH3fuelassociation].

Ammonia disadvantages:
✗ To reduce the CO2 footprint, ammonia as a fuel has to be produced by renewable energy
(wind, solar, hydro etc.).
✗ As a marine fuel it is still in the research and development phase, no ammonia powered ship
so far.
✗ Conservative studies voice the concern that global surpluses of renewable energy could not
be sufficient to cover synthetic fuel demand in the future.
✗ Renewable energy (clean) production of ammonia is so far slower than the known HarberBosch process, which is far from environmentally friendly. Although projects to reduce by
50% the CO2 footprint by substituting the Hydrogen in the Harber-Bosch process with
produced from electrolysis and wind energy.
✗ It is toxic in high concentrations. The harm caused by ammonia in water bodies is more
serious.
✗ It has a relatively low energy density per m3 – about half of gasoline. The fuel mileage of
ammonia is about half of gasoline’s mileage.
✗ During the combustion of ammonia, there is concern about the formation of NOx that cause
air pollution such as acid rain. Although NOx reduction equipment using catalyst have
already been established, it is necessary to devise measures to minimize the amount of NOx
produced by combustion [JST, 2017].
✗ The burning velocity of ammonia-air mixture is very low, only one-ﬁfth of that of methaneair mixture, meaning that combustibility of ammonia is significantly low and ignition and
ﬂame stabilization are difficult in many cases [JST, 2017].
✗ The range of ﬂame stability of ammonia combustion is narrow compared with hydrocarbon
fuels such as methane [JST, 2017].

Fig. 5. Comparison of volumetric and gravimetric energy densities of various fuels, including Ammonia.
Reference: [Academia, UOIT, 2008] University of Ontario Institute of Technology, C. Zamifirescu, I. Dincer,
Using ammonia as a sustainable fuel, 2008

Fig. 6. Ammonia Production, Transportation and utilization
Reference: [JST, 2017] - Japan Science and Technology Agency, Ammonia direct combustion, Thermal
power generation using carbon-free fuel, Hideaki Kobayashi, 2017
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Hydrogen gas - H2:
Hydrogen is the most abundant element on the Earth, because of its reactivity it can naturally only
be found in bound form. It exists mostly in inorganic hydrides (especially water), organic
compounds like hydrocarbons - alcohols, aldehydes, acids, fats, proteins, fossil fuels.
Hydrogen (H2) is a gas with boiling temperature of -253 deg. At standard temperature and pressure,
hydrogen is a colourless, odourless, tasteless, non-toxic, nonmetallic, highly combustible diatomic
gas with the molecular formula H2. It is much lighter than air. It vaporizes very easily. The
molecule of H2 is very small and can diffuse through a variety of materials, which makes the
storage of Hydrogen quite complex. The contact with Hydrogen leads to embrittlement of many
metals. Most storage tanks consist of carbon fiber-wrapped aluminum or plastic liners.
Hydrogen gas forms explosive mixtures with air in concentrations from 4–74%. The explosive
reactions may be triggered by spark, heat, or sunlight.
In a flame of pure hydrogen gas, burning in air, the hydrogen (H2) reacts with oxygen (O2) to form
water (H2O) and releases energy.
2H2(g) + O2(g) → 2H2O(g) + energy [Wiki, Hydrogen]
Common production methods include electrolysis and steam-methane reforming [Wiki,
Hydrogen_fuel].
Nowadays, hydrogen is mainly used as a resource in the chemical industry and is mainly 96%
originating/produced from fossil fuels (Natural gas, oil, coal).
Because of its very low density in order to used as a fuel in its pure molecular form, it must be
compressed at very high pressures (700 bars and above) or liquefied at -253 deg, which both require
a significant input of energy. Hydrogen has a low Volumetric energy density (MJ/m3) and high
gravimetric density (MJ/kg).
Hydrogen is usually considered an energy carrier.
Advantages:
✔ H2 can be used in a multiple ways as a fuel in fuel cells, in dual fuel mixtures with
conventional diesel fuels and other fuels, it can be burnt directly in combustion machineries
(including ICEs).
✔ Hydrogen emits zero carbon dioxide CO2.
✔ Hydrogen emits zero Sox.
✔ Hydrogen emits only negligible amounts of NOx.
✔ It Can be produced 100% environmentally friendly from renewable energy through
electrolysis and from biomass gasification.
✔ When used as a fuel mixture with diesel for examples, it still reduces the CO2 emissions
significantly (50%-50% mixture will lead to 43% reduction CO2 emission per tonne
kilometre.) [ITF, 2018]
✔ Hydrogen is the most frequently used in fuel cells, the only product is water and the energy
can be used with relatively high efficiency.
✔ With fuel cells the fuel efficiency is 50-60% and can reach 85% with the use of heat
recovery. It depends from the type of fuel cell [MariGreenH2, 2018].
✔ When used with fuel cells, no noise and vibrations are produced and Due to the absence of
high-temperature combustion, NOx emissions are minimized.
✔ Hydrogen has the highest energy content of any common fuel by weight
[HydrogenEurope_basics].
✔ Hydrogen has certain benefits regarding carbon monoxide (CO), soot, hydrocarbons and
partly NOx independently from its origin [MariGreenH2, 2018].
✔ In an integrated energy system, hydrogen can act as a buffer storage for fluctuating
renewable energies - renewable sources (wind and solar) excess electricity converted to
chemically stored energy.

✔ Although the storage of Hydrogen is complex, there are multiple options, some of them at
experimental stage and need to be developed, to be made commercially viable is another
hurdle: Physical storage (compressed, liquid, cryo-compressed), Material based storage
(hydrides as metallic hydrides, chemical, organic; Adsorption as Activated carbon, Metal
Organic frameworks MOFs etc). Ammonia (nitrogen hydride) is also one example of
Hydrogen storage. LOHC - Liquid Organic Hydrogen Carrier was developed by the
Company Hydrogenius [www.hydrogenious.net]. [MariGreenH2, 2018]
✔ For bunkering, the LNG bunkering know-how can be used in the supply of Liquid H2.
Compressed Hydrogen can be delivered in Containerised bottle stacks by exchange, and the
existing diesel infrastructure can be used to refuel Liquid Organic Hydrogen Carrier (LOHC
{H18-DBT} Gravimetric value 5.19MJ/kg and Volumetric 5.49 MJ/dm3).

Disadvantages:
✗ The use of H2 as a replacement fuel still requires Research and development to make it
commercially attractive.
✗ There is no bunkering infrastructure of hydrogen for marine use.
✗ There are no standardised procedures, designs and infrastructure to handle Hydrogen, use as
a fuel, store it and transport it. As well as insufficient coverage of regulations
✗ There are remaining safety design issues with regards to the explosive character of the fuel.
✗ Hydrogen fuel cells are sensible to the impurities in the hydrogen. The quality of the
hydrogen for certain application is a major aspect. Especially PEM (Proton Exchange
Membrane) fuel cells require highly pure fuel. [MariGreenH2, 2018]
✗ Still the H2 fuel cells have a low maturity, are expensive and space demanding.
✗ In the current development stage, the fuel cell technology is viable mainly in auxiliary,
hybrid, and low power machinery.
✗ The low volumetric energy density of the hydrogen requires very sizeable fuel tanks,
increasing the costs and reducing the cargo space.
✗ A transformation between compressed and liquid hydrogen requires significant amounts of
energy and hence is not beneficial to the overall carbon dioxide balance.
✗ The liquid Hydrogen must be cooled to -253 C which requires a considerable amount of
energy and investment for cryogenic tanks and systems. Similar to LNG (-162 deg.), but in
much worse scenario due to the much lower temperature (-253 deg.).
✗ Hydrogen combustion may yield small amounts of nitrogen oxides, along with the water
vapor. [Wiki, Hydrogen as a fuel]
✗ Most of the hydrogen currently is produced from fossil sources (96%), which is a polluting
process.
✗ Liquid hydrogen (LH2) must first be liquefied in a complex process. The energy used for
this is, depending on the system, between 20% and 35% of the energy content of the
hydrogen in relation to the lower calorific value [Mar15].
✗ The liquid hydrogen is stored in double-walled vacuum-insulated containers at a maximum
operating pressure between 5 and 12 bar [Kle10] [Eic10] [Hei06]. However, heat influx
cannot be avoided, which leads to the so-called boil-off, the vaporization of hydrogen
[MariGreenH2, 2018].
✗ For the compression work from 1 bar to 700 bar or 1000 bar respectively, an energy
corresponding to approx. 10% to 15% of the lower heating value of hydrogen is needed
[MariGreenH2, 2018].
✗ The demand for green hydrogen includes not only the production of the hydrogen itself, but
also comprises the storage and the transportation to the location of bunkering.

✗ When used as a fuel in ICEs (Internal Combustion Engines), the emission level for NOx
emissions is comparable to a diesel or gasoline engine or even higher. To reduce NOx
emissions exhaust gas recirculation (EGR) as well as lean combustion can be used.
[MariGreenH2, 2018]
✗ When used in fuel cells for propulsion and electrical propulsion conversion, it has to be
done in combination with highly efficient batteries.
✗ The price for a conventional 100 kW fuel cell system currently ranges around 150,000 €
excluding battery and electric motor. [MariGreenH2, 2018]
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