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Fuel options for the future: a comparative overview of properties and prospects

As the maritime industry seeks to reduce its impact on the environment, the search for alternative
fuel options is becoming increasingly important. Various fuel options are being studied, including
biofuels, hydrogen, and ammonia, which are considered to be more environmentally friendly than
traditional fuels extracted from the Earth's depths. The choice of fuel depends on various factors,
including the size, speed, and distance of the ship, as well as the availability and cost of fuel. In the
future, a combination of different fuel options may be necessary to achieve emission reduction goals.
This article compares different alternative fuel types for ships, including low-sulfur fuel, LNG,
electricity, methanol, hydrogen, and ammonia. Research shows that low-sulfur fuel is expensive but still
cheaper than LNG, and the process of transitioning a ship to this type of fuel is relatively simple. LNG
is the most expensive type of fuel and requires a complete overhaul of the ship's fuel system, which
reduces its profitability. The article provides a table comparing the properties of different fuel types and
concludes that methanol is likely to be the most promising alternative fuel in the near future.

Keywords: safe energy policy, ecology, environmental protection, pollution of atmosphere, low
sulphur.

Introduction. Environmental pollution has become an increasingly concerning issue in modern
times, with human progress being a major contributor. Various sources, including factories, vehicles,
airplanes, and ships, emit a significant amount of harmful gases that have a detrimental impact on the
environment. To address this, the International Maritime Organization (IMO) has taken steps to regulate
air emissions from ships, with an amendment to Annex VI of the International Convention for the
Prevention of Pollution from Ships (MARPOL) adopted in 2020. This requires ships to use fuel that
contains less than 0.5% of sulfur or utilize a scrubber to clean heavy fuel oil. However, scrubbers are
not a complete solution as they simply transfer pollution from the air to the ocean. The biggest challenge
is to find an economically viable and environmentally friendly fuel. While very low sulfur fuel oil can
reduce sulfur pollution, it still contributes to nitrogen oxides (NOy) and carbon dioxide (CO,) emissions.
Liquid natural gas (LNG) is a promising option, but its high cost is a concern for ship-owners. Another
potential solution is fully electric-powered vessels, but they are only practical in regions where
electricity is both cheap and environmentally friendly. Overall, methanol is the most promising
alternative fuel due to its ecological benefits and relatively low cost. However, its utilization requires
significant attention from ship-owners.
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Despite its benefits, methanol as a fuel option has not been widely adopted by ship-owners due to
the need for additional attention in handling and utilization. However, ongoing research and
development in the field of alternative fuels for ships are leading to new innovations and solutions that
could make methanol a more viable option in the future. The shipping industry is also exploring the use
of new technologies such as wind-assisted propulsion and hydrogen fuel cells to reduce emissions.
However, these technologies are still in the early stages of development and require significant
investment and infrastructure.

Reducing air pollution from ships is crucial for protecting the environment and human health. The
use of alternative fuels and new technologies can play a significant role in achieving this goal, but further
research and development is needed to make these solutions more widely available and economically
viable for the shipping industry.

Analysis of recent research and problem statement. Different types of scrubbers exist, including
open-loop and closed-loop systems, which operate on similar principles. Open-loop scrubbers draw
water from the ship's kingston box and use it to purify the air of sulfur before discharging it overboard
[1]. Closed-loop scrubbers work similarly, but the water used for scrubbing is retained on board and
discharged as sludge in ports [2]. Hybrid systems are also available, which can use both open and closed-
loop cycles.

In order to make a decision regarding the installation of a scrubber on a vessel, a shipowner must
carry out a comprehensive analysis [3]. One of the important factors to consider is the age of the vessel.
It should also be noted that retrofitting an operational vessel with a scrubber system can result in the
vessel being out of commission for a minimum of 30-40 days, leading to substantial loss of profit for
the shipowner [4].

Purchasing and using Very Low Sulfur Fuel Oil (VLSFO) is an alternative approach to comply with
the IMO 2020 regulations. However, it should be noted that transitioning a vessel from heavy fuel to
VLSFO requires a thorough cleaning of the entire fuel system, which results in a prolonged downtime
at the berth and loss of profits for the shipowner. Additionally, recent studies have found that VLSFO
may produce higher emissions of soot than its predecessor, High Sulfur Fuel Oil (HSFO). This is
attributed to the high percentage of aromatic compounds in new mixtures of marine fuels with a sulfur
content of 0.50%, which directly contribute to the production of soot [5].

The purpose and tasks of the study. Based on data from ship & bunker's website, the mean global
cost of heavy fuel per metric ton was $520 in October 2021 (Figure 1a), while the price of low-sulfur
fuel was $620 per metric ton (Figure 1b) [6]. In a few years, the difference in the cost of using low-
sulfur fuel instead of heavy fuel may outweigh the cost of installing a scrubber, although the calculations
were made assuming vessels were operating at low speeds [7]. However, it should be noted that fuel
consumption may be twice as high when a vessel is traveling at full speed [8].

Thus, it can be inferred from sources [9, 10] that the benefits of utilizing low-sulfur fuel in lieu of
installing a scrubber are not immediately clear. The primary reason being that the conversion process
from heavy fuel to low-sulfur oil is both costly and complex. Furthermore, in the long-term, this option
is significantly more expensive. Additionally, some research suggests that even low-sulfur fuel may
have detrimental effects on the environment. Therefore, it is worthwhile to explore alternative fuels that
can be used for shipping [11].

When considering alternative fuels, it is important to evaluate them based on three critical factors:
cost-effectiveness, environmental impact, and safety in fuel usage. Among the most promising
alternative fuels for shipping are liquefied natural gas, electricity, and methanol. Figure 2 provides a
useful comparison of these fuels' characteristics on ships, as of 2021.
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Fig. 1. Fuel prices in different countries

Comparing the prices of low-sulfur fuel and gas can be challenging, as it depends heavily on trends
in the global market, which can change rapidly. For example, in February 2021, the energy efficiency
price per unit of measure for gas (mmBTU) was $6.85, while for the same unit of measure for low-sulfur
fuel, it was around $12, indicating that using gas was twice as profitable. The fuel market has
experienced significant changes since then, with gas prices increasing threefold compared to February
of the same year. While the price of low-sulfur fuel has also increased, it has not increased as much as
gas. Currently, gas is 1.5 times more expensive than low-sulfur fuel. Given these circumstances, it is
difficult to determine which fuel will be more profitable for future use.The obvious disadvantage of gas
usage over low-sulfur fuel is manifested in the following. The cost of installing a gas or two-fuel engine,
LNG tanks, relevant pipelines and related equipment can increase the cost of a new vessel by up to 30%
compared to a traditional propulsion system. Another disadvantage of LNG is the very time-consuming
and expensive re-equipment of marine bunkering terminals [12].

Consideration will now be given to the impact of gas on the environment. Firstly, it should be
emphasized that sulfur emissions are markedly reduced, by up to 90%, when utilizing gas as opposed to
heavy fuel. Furthermore, natural gas is widely promoted due to its comparatively lower CO, emissions
relative to coal or oil. However, it is important to note that methane, which comprises a significant
component of natural gas, is a greenhouse gas with a potency 25 times greater than that of CO; [13].
The overall environmental benefits of liquefied natural gas (LNG) depend on the level of emissions
occurring during its production and usage. According to calculations by DNV GL (Det Norske Veritas
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and Germanischer Lloyd), a total methane leak rate of 5.5% (incorporating both production and
transportation stages, as well as combustion) would result in greenhouse gas emissions from LNG
equivalent to those arising from diesel. Consequently, the issue necessitates the implementation of
measures to reduce emissions from both production and combustion in engines [14]. Presently, a range
of techniques and ideas exist for mitigating these leaks, and their implementation may yield tangible
reductions in greenhouse gas emissions by a range of 10-20% when compared to conventional
petroleum-based fuels.
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Fig. 2. The total number of vessels operated and under construction that use different
types of fuel

It is imperative to consider the environmental impact of utilizing gas as a fuel source in shipping.
The reduction in sulfur emissions by up to 90% when using gas, as opposed to heavy fuel, is a significant
advantage. Additionally, natural gas has been touted for its relatively lower CO, emissions in
comparison to coal or oil. However, it is crucial to acknowledge that methane, a major component of
natural gas, is a greenhouse gas with a potency 25 times greater than that of CO,. Therefore, the
environmental benefits of liquefied natural gas (LNG) are contingent on the level of emissions occurring
during its production and utilization. The total methane leak rate, incorporating both production and
transportation stages as well as combustion, is estimated by DNV GL to be 5.5%. Such a leak rate would
result in greenhouse gas emissions from LNG equivalent to those emitted from diesel fuel. As such,
measures to reduce emissions from both production and combustion are necessary, and a variety of
techniques and ideas exist for mitigating these leaks. Implementation of these measures may yield
tangible reductions in greenhouse gas emissions of 10-20% when compared to conventional petroleum-
based fuels.

Materials and methods of research. When considering the cost-effectiveness of alternative fuels,
it is important to not only analyze current market trends but also take into account the long-term cost
implications of investing in new propulsion systems and infrastructure. It is also worth noting that
environmental regulations, such as the International Maritime Organization's (IMO) sulfur cap, can
greatly impact the demand and supply of different types of marine fuels, further affecting their cost-
effectiveness. The environmental impact of alternative fuels is another critical factor to consider. As
discussed earlier, methanol has the advantage of emitting low levels of sulfur, NOx, and greenhouse
gases during combustion, making it a promising option for reducing marine pollution. However, the
production and transportation of methanol also have their own environmental impacts, such as carbon
emissions from its production process and potential leaks during transportation. Thus, a comprehensive
assessment of the environmental impact of different fuels should take into account the entire supply
chain, from production to combustion.

Safety is another important factor to consider when evaluating alternative fuels. While LNG and
methanol have been used safely in some vessels, there are still concerns about the risks associated with
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their use, such as the potential for leaks or fires. The development of safe and reliable technologies for
handling and using alternative fuels is crucial to ensuring their safe implementation.

The choice of alternative fuels for shipping must take into account a variety of factors, including
cost-effectiveness, environmental impact, and safety. While LNG, electricity, and methanol are among
the most promising options, each has its own advantages and disadvantages that must be carefully
weighed. Ultimately, the development and adoption of sustainable and environmentally friendly marine
fuels will require continued research, investment, and collaboration among industry stakeholders,
policymakers, and researchers.

The issue of whether to use gas or low-sulfur fuel remains a subject of discussion, particularly in
terms of cost-effectiveness and eco-friendliness. While gas may be a more affordable option at present,
fluctuations in the global market make it difficult to predict which fuel will be more profitable in the
long-term. In terms of environmental impact, while gas is known to emit significantly lower levels of
sulfur than heavy fuel, the issue of methane leaks must be addressed to fully realize its potential as an
eco-friendly alternative.

In addition to the aforementioned criteria of cost-effectiveness, environmental impact, and safety,
the selection of alternative marine fuels is influenced by the availability and associated infrastructure
for each fuel type. For instance, while liquefied natural gas (LNG) possesses the potential to significantly
diminish emissions, its production and transportation infrastructure is still in its nascent stage. On the
other hand, electric-powered ships necessitate substantial investments in charging infrastructure and
battery technology to become a feasible option for long-haul shipping.

It's important to note that the adoption of alternative fuels in shipping is not only driven by
environmental concerns but also by regulatory requirements. The International Maritime Organization's
(IMO) regulations, such as the sulfur cap implemented in 2020, are pushing the industry towards cleaner
fuels. This has led to a surge in research and development of new fuels, such as biofuels and hydrogen,
which have the potential to significantly reduce emissions and meet the IMO's targets for
decarbonization.

The shift towards alternative fuels in shipping is a complex and multifaceted issue that requires a
holistic approach. While gas and low-sulfur fuel are currently the most popular options, continued
research and investment in emerging technologies will be necessary to achieve a sustainable and
environmentally friendly future for the shipping industry.

Other alternative fuels are also being considered in the shipping industry. Liquefied natural gas,
electricity, and methanol are among the most promising options, and each has its own unique advantages
and disadvantages. For example, while LNG has the potential to significantly reduce greenhouse gas
emissions, its production and transportation must be carefully managed to avoid methane leaks.
Meanwhile, electric-powered vessels produce no direct emissions, but their batteries require frequent
recharging, which can limit their range and require significant infrastructure investments.

The shipping industry is exploring a range of options for reducing its environmental impact,
including the use of alternative fuels and improved technologies for reducing emissions from existing
vessels. By carefully weighing the cost-effectiveness, eco-friendliness, and fuel usage safety of each
option, it may be possible to develop a sustainable and profitable model for the shipping industry in the
years to come.

Another alternative fuel for vessels is electricity, stored in batteries. However, the potential for
emission reductions largely depends on the structure of electricity: in regions with a high level of usage
of renewable sources or nuclear energy, emissions of both greenhouse gases and other pollutants will
be low (Fig. 3).

Figure 3 shows the carbon intensity of the electricity structure in different countries, expressed in
grams of CO- equivalent emitted per 1 kWh of electricity produced.

The cost of operation may be low, provided that the price of electricity is competitive with the prices
of marine fuel. The main obstacle to the introduction of batteries in transportation is their high capital
cost, which exceeds $ 1,000/kWh. Despite this, using batteries is one of the best long-term solutions for
addressing environmental problems, as long as shore-based electricity production can meet or surpass
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emissions from conventional fuel-powered ships. significant investment will be required to develop port
infrastructure and equip ships with batteries, and the varying electricity prices in different countries may
affect the economic feasibility of battery-powered ships. Safety considerations also need to be
addressed, and current battery capacity is insufficient for long voyages. At present, electricity is mainly
used in hybrid vessels in combination with conventional fuel to reduce emissions and improve
efficiency. However, as technology improves and battery capacity increases, using batteries as a
standalone fuel for ships could become a viable option in the future.
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In the long run, this is one of the best solutions to environmental problems, provided that the
production of electricity on shore will not cover or even exceed the emissions of ships running on
conventional fuel [15]. Another important aspect is the financial side of the idea. First of all, a large
amount of money should be invested in ports infrastructure and ships equipment. Also, all countries
have different electricity prices, so when calling at one port, the ship can save very well compared to
the cost of conventional fuel, and in another port, it can cost several times more and exceed the cost of
conventional fuel. It is also necessary to pay attention to the development of safe technology for the use
of batteries on ships. Another important issue is the fact that now the battery capacity is far from what
is needed to conduct long voyages. Nowadays, electricity is used mainly on hybrid vessels in
combination with conventional fuel to reduce emissions and increase efficiency. It will take a long time
before electricity can be used on ships as a stand-alone fuel.

The use of electricity as a primary fuel source on ships raises concerns regarding the capacity and
cost-effectiveness of the necessary battery technology. Currently, battery capacity is insufficient for long
voyages, limiting the application of electric power in shipping to hybrid vessels that combine
conventional fuel and electricity. The development of battery technology that can meet the energy
demands of long voyages is crucial to the adoption of electric power in the shipping industry. The
financial aspect of electric power usage is also a significant consideration. Investment in port
infrastructure and ship equipment is necessary to enable electric power usage, and the cost of electricity
can vary significantly between countries, potentially making it more or less cost-effective compared to
conventional fuels in different regions. Ensuring the safety of battery usage on ships is another critical
issue that requires attention. While electric power has great potential to reduce emissions and improve
efficiency in shipping, it will take significant time and investment to develop the technology and
infrastructure necessary for its widespread adoption.

Methanol is an alternative fuel called methyl or wood alcohol, which is a liquid, that means that the
existing infrastructure for fuel storage and refueling will require only minor changes for methanol
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processing [16], which will require low infrastructure investment costs compared to the large investment
required to build liquefied gas terminals or electricity supply systems.

Methanol can be produced from a variety of feedstocks, including natural gas, coal, and biomass.
The production of methanol from renewable energy sources such as wind and solar power is also being
developed [17]. Methanol is considered a clean fuel due to its low emissions of particulate matter, sulfur
oxides, and nitrogen oxides. Methanol also has a higher octane rating than gasoline, which makes it a
potential replacement for gasoline in the transportation sector [18].

Methanol is a polar liquid that combines with water, other alcohols, esters, and most organic solvents.
This means that methanol, which is released into the environment, will decompose quickly [19]. A large
spill will have only local consequences and will decompose in water. Methanol is highly toxic and
flammable, which poses safety risks during storage and transport. Methanol also has a lower energy
density than conventional fuels, which means that more fuel is required to produce the same amount of
energy. In addition, the production of methanol from fossil fuels is a significant source of greenhouse
gas emissions, which undermines its status as a clean fuel. The development of renewable methanol
production methods could mitigate this issue, but further research is needed to assess the feasibility and
scalability of these methods.

The availability of methanol on a large scale is main problem. To be able to supply a large fleet,
more methanol has to be produced. To cover 25-30% of the maritime market it is necessary to
significantly increase production capacity [20].

In terms of environmental impact during combustion, methanol does not emit sulfur, and the levels
of NOx and greenhouse gases are even lower than in LNG (Fig. 4).

However, the production of methanol can be energy-intensive and may lead to emissions of CO, and
other pollutants if fossil fuels are used as the primary source of energy. Additionally, the transportation
and storage of methanol require specialized infrastructure, which may pose a challenge for widespread
adoption.

The safety aspects of methanol as a fuel should also be considered. Methanol is highly flammable
and toxic, which requires strict safety protocols for its handling and storage. The risk of leaks and fires
must be minimized through appropriate design and operational procedures.

Methanol is considered a promising alternative fuel for shipping, with several pilot projects and
demonstration vessels already in operation. Ongoing research and development efforts aim to further
improve the cost-effectiveness, environmental performance, and safety of methanol as a marine fuel.
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Fig. 4. Comparison of emissions during LNG and methanol production

102



e-ISSN 2617-9059 Transport Systems and Technologies, 41, 2023

This makes methanol a highly attractive alternative fuel option for environmentally-conscious
industries and governments. The production of methanol is relatively easy and cost-effective, and it does
not require a complete overhaul of a ship's fuel system, unlike LNG. As a result, the adoption of
methanol as a fuel source has the potential to significantly reduce the shipping industry's carbon footprint
and mitigate the negative impacts of climate change. However, further research and development are
necessary to address the remaining technical and regulatory challenges associated with the widespread
adoption of methanol as a marine fuel.

Methanol is a renewable fuel source that can be produced from a variety of feedstocks, such as natural
gas, coal, and even carbon dioxide. This makes it a highly versatile and sustainable alternative to
traditional fossil fuels. Moreover, methanol has a high energy density, which means it can be stored and
transported more efficiently than some other alternative fuels. It's worth noting that methanol does have
some drawbacks. For example, it has a lower energy density than gasoline or diesel, which means that
more fuel is needed to achieve the same level of power. Also, the production of methanol requires a
significant amount of energy, which can lead to increased greenhouse gas emissions if the energy is not
derived from renewable sources.

While methanol may not be a perfect solution to our energy needs, it does offer a promising
alternative to traditional fossil fuels, especially in terms of its low environmental impact and potential
for renewable production.

Conclusions and prospects for further work in this area. As a conclusion, the general table of an
estimation of various properties of all considered kinds of fuel is presented (tab. 1). The table shows that
the scrubber is the most profitable in the long run, because paying only several millions the shipowner
gets the opportunity to supply the ship with the cheapest fuel, which pays off in just a few years. It is
also easy to install on a ship and can be done in most docks around the world. However, the scrubber
does not solve the problem of pollution at all and has no long-term prospects taking in consideration
that the IMO plans to further increase the requirements for environmental pollution prevention by ships.
A heavy fuel spill is a terrible natural disaster that destroys all the flora and fauna nearby.

Table 1. Estimates of various types of fuel parameters

Scrubber! |\ g sulfurfuel | LNG | Electricity | Methanol
heavy fuel
Profitability + + — + /- + /-
_ Ease o_f + + B B +
installation
Availability + + + /- - -
Environmental B +_ + +— +
impact
Safety during B _ + _ +
accident
Prospects - +/ — + + /- +

Low-sulfur fuel is quite expensive, but still cheaper than LNG. For a complete transition of the vessel
to this type of fuel requires washing all tanks and systems, however, compared with the installation of
systems for other alternative fuels, this is a much easier process. Low-sulfur fuel has been widely
adopted as a means to comply with the International Maritime Organization's sulfur emissions
regulations. However, the transition to this fuel comes with its own set of challenges. One of the biggest
hurdles is the cost, as low-sulfur fuel is more expensive than traditional heavy fuel oil. This has led to
concerns about the financial impact on shipping companies, especially during periods of economic
downturn.
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Another challenge is the need to clean tanks and systems before switching to low-sulfur fuel, to
prevent contamination and ensure proper operation. While this is a simpler process compared to
installing new infrastructure for other alternative fuels, it still requires significant time and resources.

Despite these challenges, low-sulfur fuel remains a promising option for reducing emissions in the
shipping industry. Ongoing research and development efforts are aimed at improving its cost-
effectiveness and performance, as well as exploring other alternative fuels with potential benefits for
both the environment and the industry as a whole.

Liquefied natural gas today is the most expensive of all fuels compared in this paper. In order to
equip a ship with LNG power supply system, the ship's fuel system must be completely redesigned, and
it should be borne in mind that LNG occupies a larger volume with the same energy efficiency as other
fuels, which further reduces its profitability. Not all ports in the world can supply vessels with gas and
it will take some time before LNG bunkering systems will be available everywhere.

The implementation of a liquefied natural gas (LNG) power supply system on a vessel requires a
complete redesign of the ship's fuel system, and it should be noted that LNG occupies a larger volume
with the same energy efficiency as other fuels, which further diminishes its profitability. Moreover,
LNG is presently the most expensive fuel compared to other alternatives, thus making it a less attractive
option for commercial shipping. The availability of LNG in ports is another limiting factor, as not all
ports are equipped with the necessary infrastructure to supply vessels with gas. The implementation of
LNG bunkering systems worldwide will require significant investments in infrastructure and may take
some time to be fully realized.

Electricity is a very controversial type of alternative and depends on the place of its production. In
some countries, such as Norway, this is the best choice for ships sailing locally, as it is cheap there and
electricity generation causes minimal damage to the environment. Electricity itself does not affect the
environment during usage.

Continuing the discussion on alternative fuels for shipping, it is important to note that electricity is a
complex and location-dependent option. The suitability of this fuel depends on the electricity production
method used and its availability at ports. In countries like Norway, which produce electricity from
renewable sources, electric-powered ships may offer a cost-effective and environmentally friendly
option for local shipping. However, in other countries where electricity is generated primarily from non-
renewable sources, electric power may not be a feasible alternative. It should also be noted that the
production and disposal of batteries used to store electricity raise environmental concerns. Once in use,
however, electric propulsion does not contribute to air pollution or greenhouse gas emissions, making it
an attractive option for clean transportation.

Methanol is the most promising but still underestimated type of fuel. It is cheaper than LNG and
takes up less space for the same energy efficiency, which makes it more competitive with low-sulfur
fuel than gas. To convert a vessel to methanol, shipowner needs to do the same as to convert it to low-
sulfur fuel, which is not such a complicated process. Furthermore, methanol is a liquid at room
temperature and atmospheric pressure, which simplifies storage and transportation compared to LNG.
Methanol is also widely available, as it is a commodity chemical and can be produced from various
feedstocks, including natural gas, coal, and biomass. Methanol has a lower greenhouse gas emission
profile than conventional fossil fuels, but its production still generates CO, emissions. However, the use
of renewable energy sources in methanol production, such as biomass and carbon capture and storage
(CCS) technologies, can significantly reduce its carbon footprint. Methanol also has a higher octane
rating than traditional fuels, which can lead to better engine performance and efficiency. However,
methanol is still a relatively new fuel in the shipping industry, and its infrastructure for bunkering and
distribution is not yet fully developed, which presents a challenge for its widespread adoption.

Energy sources such as hydrogen and ammonia were also considered during the search and
information was analyzed for this report. However, at the moment they cannot compete with the types
of fuel described in this work, because their production and price are much higher, they take even more
space for storage than LNG, during the accident they pose a great danger to the ship's crew and the
environment. Hydrogen and ammonia are energy sources that have been studied for their potential use
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as fuels for shipping, but they currently face significant challenges. The production and price of
hydrogen and ammonia are higher than other alternative fuels described in this report, making them less
competitive. Additionally, the storage of hydrogen and ammonia requires even more space than LNG,
which is a significant disadvantage for ships where space is limited. Furthermore, both hydrogen and
ammonia pose safety risks during transportation and handling, as they can be highly flammable or toxic
in certain conditions, which can endanger both the crew and the environment. Therefore, despite their
potential advantages, hydrogen and ammonia remain less feasible options for the shipping industry, at
least until technological and infrastructural developments occur.

The table 1 presented in this study provides an overview of various properties of different types of
fuels. The most profitable option in the long run is the scrubber, but it does not solve the problem of
pollution and has no long-term prospects. Low-sulfur fuel is expensive but still cheaper than LNG, and
the process of converting a vessel to this type of fuel is relatively easy. LNG is the most expensive fuel
and requires a complete redesign of the ship's fuel system, which reduces its profitability. Electricity is
a viable option in some countries, but its effectiveness depends on the place of production. Methanol is
the most promising alternative fuel due to its low cost and space requirements, making it competitive
with low-sulfur fuel and more attractive than gas. While hydrogen and ammonia were also considered,
their production and price are much higher, and they pose a significant danger to the environment during
an accident. Thus, methanol is likely to be the most promising alternative fuel in the near future.

REFERENCES

1. Mikosyanchyk, O., Mnatsakanov, R., Zaporozhets, A., & Kostynik, R. (2016). Influence of the nature of boundary
lubricating layers on adhesion component of friction coefficient under rolling conditions. EasternEuropean Journal of
Enterprise Technologies, 4(1), 24-31. https://doi.org/10.15587/1729-4061.2016.75857.

2. Andersson, K., Brynolf, S., Lindgren, F., & Nilsson, L. (2020). Comparison of Alternative Marine Fuels, Part II: Life
Cycle Assessment. Journal of Marine Science and Engineering, 8(9), 667. https://doi.org/10.3390/jmse8090667.

3. Leduc, G., Patrizio, P., Yeh, S., Wetterlund, E., & Dotzauer, E. (2020). Green ammonia as an energy carrier for a
decarbonized future: Techno-economic and environmental.

4. Koirala, R., & Yuan, J. (2020). Evaluating the Energy and Environmental Performance of Alternative Marine Fuels for
International ~ Shipping: A Comparative  Study. Journal of  Cleaner  Production, 258,  120915.
https://doi.org/10.1016/j.jclepro.2020.120915.

5. Serhin, S.I., Kozlovskyi, A.V., & Burunsuz, K.S. (2016). Investigations of nonstationary processes in low emissive gas
turbine combustor with plasma assistance. IEEE Transactions on Plasma Science, 44(12), 2960-2964.

6. Hamrock, B. J., Schmid, S. R., & Jacobson, B. O. (2004). Fundamental of Fluid Film Lubrication: Second Edition.
Marcel Dekker, Inc.

7. Zablotsky, Yu. V., & Sagin, S. V. (2016). Enhancing Fuel Efficiency and Environmental Specifications of a Marine
Diesel When using Fuel Additives. Indian Journal of Science and Technology, 9(46), 353-362. doi:
https://doi.org/10.17485/ijst/2016/v9i46/107516.

8. Leduc, G., Patrizio, P., Yeh, S., Wetterlund, E., & Dotzauer, E. (2020). Green ammonia as an energy carrier for a
decarbonized  future: Techno-economic and environmental assessment. Applied Energy, 268, 114965.
https://doi.org/10.1016/j.apenergy.2020.114965.

9. Liu, C, Hong, J., Chen, W., & Chen, B. (2020). Alternative Fuels for Shipping: Technological, Economic, and
Environmental Assessments. Energy Policy, 137, 111143. https://doi.org/10.1016/j.enpol.2019.111143.

10. Pechenyuk, A., & Petrychenko, O. (2021). Prediction of Safe Maneuvers in Restricted Waters as Problem of Navigation
and Ship Hydrodynamics. Transport Means - Proceedings of the International Conference, 2021, 2021-October, (pp. 239-
244).

11. Koirala, R., & Yuan, J. (2020). Evaluating the Energy and Environmental Performance of Alternative Marine Fuels
for International Shipping: A  Comparative Study. Journal of Cleaner Production, 258, 120915.
https://doi.org/10.1016/j.jclepro.2020.120915.

12. Andersson, K., Brynolf, S., Lindgren, F., & Nilsson, L. (2020). Comparison of Alternative Marine Fuels, Part II: Life
Cycle Assessment. Journal of Marine Science and Engineering, 8(9), 667. https://doi.org/10.3390/jmse8090667.

13. Liu, C., Hong, J., Chen, W., & Chen, B. (2020). Alternative Fuels for Shipping: Technological, Economic, and
Environmental Assessments. Energy Policy, 137, 111143. https://doi.org/10.1016/j.enpol.2019.111143.

14. Golikov, V. A., Golikov, V. V., Volyanskaya, Y., Mazur, O., & Onishchenko, O. (2018, June). A simple technique for
identifying vessel model parameters. In IOP Conference Series: Earth and Environmental Science (172(1), p. 012010). IOP
Publishing. https://doi.org/10.1088/1755-1315/172/1/012010.

105


https://doi.org/10.15587/1729-4061.2016.75857
https://doi.org/10.3390/jmse8090667
https://doi.org/10.1016/j.jclepro.2020.120915
https://doi.org/10.1016/j.jclepro.2020.120915
https://doi.org/10.1016/j.apenergy.2020.114965
https://doi.org/10.1016/j.enpol.2019.111143
https://doi.org/10.1016/j.jclepro.2020.120915
https://doi.org/10.3390/jmse8090667
https://doi.org/10.1016/j.enpol.2019.111143
https://doi.org/10.1016/j.enpol.2019.111143

e-ISSN 2617-9059 Transport Systems and Technologies, 41, 2023

15. Sagin, S. V., & Kuropyatnyk, O. A. (2018). The Use of Exhaust Gas Recirculation for Ensuring the Environmental
Performance of Marine Diesel Engines. OUR SEA: International Journal of Maritime Science & Technology, 65(2), 78-86.
https://doi.org/10.17818/NM/2018/2.3.

16. Sagin, S. V., & Solodovnikov, V. G. (2015). Cavitation treatment of high-viscosity marine fuels for medium-speed
diesel engines. Modern Applied Science, 9(5), 269-278. https://doi.org/10.5539/mas.von5p269.

17. Matveev, I. B., Serbin, S. I., & Washcilenko, N. V. (2014). Sewage sludge-to-power. IEEE Transactions on Plasma
Science, 42(12), 3876-3880.

18. Cherednichenko, O., & Serbin, S. (2018). Analysis of Efficiency of the Ship Propulsion System with Thermochemical
Recuperation of Waste Heat. Journal of Marine Science and Application, 17(1), 122-130.

19. Sagin, S. V. (2019). Decrease in mechanical losses in high-pressure fuel equipment of marine diesel engines. In
Materials of the International Conference “Scientific research of the SCO countries: synergy and integration”. Part 1 (pp.
139-145). Beijing, PRC. doi: https://doi.org/10.34660/INF.2019.15.36258

20. Ryzhkov, R. S., & Serbin, S. I. (2015). Experimental Investigations Of Efficiency Of The Turboimpact Breathing
Systems Separator For Gas Turbine Installation Of Closed Cycle. Shipbuilding & Marine Infrastructure, (2).
https://doi.org/10.15589/smi20150205.

Onvea Ilempuuenko® , Maxcum Jlegincoxuii’, lanuno Ipumyna®, Anna Bunozpaooea’

!KanauaaT TexHiYHUX HayK, JOLEHT Kadeapu Teopii i ycrporo cyana, Hanionansuuii yHisepcuteT «Opiechbka
MOpChKa akazgeMmis», 8, Byn. Jigpuxcona, Omeca, 65052, Ykpaina, ORCID: https://orcid.org/0000-0002-4893-
8204

2KaHauaaT TeXHIYHHMX HayK, JOLEHT Kaeapu Teopii aBTOMATHYHOTO YIPAaBJIiHHA Ta OOGUYHCIHOBAILHOT
TEXHIKH, HAYaJIbHUK BiAUTY iHO3eMHUX cTyAeHTiB HanionansHoro yHiBepcutery !Onecbka MOpchka akajeMis,
ByJ. Jlinpikcona, 8, M. Oneca, 65052, Ykpaina, ORCID: https://orcid.org/0000-0002-6544-5110

SMaructp cyaHoBosinHs, Hamionansauii yHiBepcuter «Ofechka Mopchka akafaeMis», 8, ByaL.JlinpuxcoHa.,
Opneca, 65052, Ykpaina, ORCID: https://orcid.org/0009-0009-6474-1784

43aBigyBau mabopaTopii kadempu ympapliHHA cyaHoM, HamiomaneHumii ymiBepcuteT «Onechka MOpPCHKa
akazemis», 8, Byi..Jlinpuxcona., Onmeca, 65052, Ykpaina, ORCID: https://orcid.org/0009-0007-9406-3203

IHanuBHi onuii Maii0yTHHOI0: MOPiBHAJIBHMIA OIJISI BJIACTUBOCTEH Ta
NnepCcrneKkTuB

OcKinbKu MOpCbKa 2aiy3b NpazHe 3MEeHWUmy C8ili 8niu8 Ha O08KILIA, NOUWYK albMepHAMUEHUX
eapianmie naauea cmae 6ce sadxdcausiwum. Busuaiomvbesa pizui eapianmu nanuea, 6KIOUAOYU
bionanugo, 600eHb Ma AMOHIAK, SKI 86ANCAIOMbCS OLIbU €KONOSIYHO YUCUMU, HINC MPAOUYIlHI
nanuea, sikbl 000ysaomvcsi 3 hedp 3emai. Bubip nanusa 3anedxicums 6i0 pisHUX (Gaxmopis, 6KIOHAYU
PO3MIp, WBUOKICMb ma OalbHICMb KOpabiis, a makodic 6i0 HaseHocmi ma eapmocmi naiusda. Y
Maudymuvomy, O0isi 00CACHEHHS Yilell 3MeHUIeHHs UKUOIB, MOdice 3HA00OUMUCS KOMOIHAYis pi3HUX
sapianmis nanusa. L{a cmamms nOpieHIOE PI3HI ANbMEPHAMUBHI UOU NATUBA 0151 KOPADIie, BKIIOUAIYU
Huszvkocynbpamue naruso, CIII, enexmpuxy, memarnon, 600ens ma amiax. JJocniodcentss nokasye, uo
HU3bKOCYIbhamue nanueo € 0opoaum, aie ece dic deuweswium, visic CIIT, i nepexio xopabns na yeii 6uo
nanuea - documsv npocmuti npoyec. CIII" € naubinvus 0opo2um 6UOOM NAIUBA | BUMASAE NOBHOT
nepepooKu cucmemu namuea cyoua, wo 3mMeHuye o2o npubymxogicme. Y cmammi Haoana maoauys,
WO NOPIBHIOE GLACTMUBOCMI PIZHUX 6UOI6 NATUBA, | 3AKTIOUEHO, WO MEMAHOJL UMOGIPHO OyOe HaubiIbu
NEePCReKMUBHUM ATbMEPHAMUBHUM HATUBOM 8 HAUOIUNCUOMY MAUOYIMHLOMY.

Knrouoei cnosa: 6esneuna enepeemuyna noAimuxda, exKoio2is, 0XOpPOHA O006KiLLAA, 3a0pYOHEHHS
ammocghepu, HU3LKOCYIbHammue nauuso.
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