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Summary

Introduction. The shipping industry is a critical component of the global economy,
with around 90% of the world's trade being transported by ships. However, the industry
also has a significant environmental impact, contributing to around 2.5% of global
greenhouse gas emissions. As such, there is a growing need to improve the energy
efficiency of ships to reduce their environmental impact and comply with increasingly
stringent regulations. Purpose. This article will explore the various technologies and
strategies available to improve energy efficiency on ships and provide a scientific
analysis of their effectiveness. Results. Wind propulsion technologies, such as rotor
sails or kite sails, can be used to reduce fuel consumption and emissions in the shipping
industry. These technologies harness the power of wind to propel the ship, reducing the
need for fossil fuels. While wind propulsion technologies are still relatively new, they
have shown promising results in terms of reducing fuel consumption and emissions.
Energy management systems can also be used to optimize the operation of a ship's
engines and equipment and improve energy efficiency. Energy management systems can
also help reduce maintenance costs and extend the lifespan of the ship's equipment.
Hybrid propulsion systems, which combine two or more power sources, can also help
improve the energy efficiency of ships. This can reduce fuel consumption and emissions,
especially during low-load conditions. Hybrid propulsion systems can also help improve
the overall performance and reliability of the ship's power system. Conclusions.
improving the energy efficiency of ships is an important step in reducing the shipping
industry's impact on the environment. There are various strategies and technologies
that can be employed to achieve this goal, including hull coatings, waste heat recovery,
energy management systems, hybrid propulsion systems, and wind propulsion. While
each strategy has its advantages and limitations, their combined use can help improve
the overall energy efficiency of ships and reduce their impact on the environment.
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Anomauin

Bemyn. [noycmpis cyononnascmea € KpUmMudHoO 8AnNCIUBOI0 CKAAO0B0IO C8IMOGoi
eKOHOMIKU, OCKinbKku Onuzvko 90% ceimosoi mopeieni mpancnopmyemuvcs cyOHaAMi.
OO0Hax 2any3b MAKoOHC MA€ 3HAYHUL GNIAUG HA HABKONUUIHE cepedosunye, CRPUYUHSIO-
yy npubauzno 2,5% enobanvhux eukudie napuukosux easie. Taxum uuHom, 3pocmae
nompeda NOKpawumu eHepeoeheKmugHicms cyoeH, wob 3MeHwumu ixuit 6nue Ha
HABKOMUWHE cepedosuwye ma 6ionogioamu oedani cygopiwum nopmam. Ilpuznavenns.
Y yiti cmammi posensioamumymucs pisHomanimui mexnonoeii ma cmpamezii, 00CmynHi
0/11 NiOBUUEHHS eHepeoeheKMUBHOCII Ha CYOHAX, | Oy0e Npo8edeHO HAYKOGUL aHa-
i3 ixuvoi egpexmuenocmi. Pezynemamu. Texnonozii 6impoeoi mseu, maxi 1K pomopHi
simpuna abo nOGIMPAHI 3Mii, MOJNCHA BUKOPUCMOBYEAMU OJIsl SMEHULEHHS COACUBAH-
HA NAnuea ma UKudie y cyOHONIAGHI eanysi. L{i mexnonozii suKopucmogyoms cuuy
8impy 05l pyxy cyOHA, 3MEHULYIOUU NOmpeoy Yy GUKONHOMY NAausl. Xoua gimpsHi pyulii-
HI MexHOoN02ll 6ce we € BIOHOCHO HOBUMU, BOHU NPOOEMOHCMPYSAIU 6a2amoodiysaoui
pe3yiomamu w000 3MEHWEHHs CRONCUBAHHA nanusa ma euxuoie. Cucmemu eHepeome-
HeOHCMEHIY MAKONC MOJICHA GUKOPUCTNOBYSAMU OJisl ONMUMI3ayii pobomu cyOHO8UX
08U2YHIG | 00a0HaHHsi ma niosuwents enepeoeghexmugnocmi. Cucmemu KepyeamHs
EHep2IEI0 MAKOIHC MONHCYMb OONOMOSMU 3MEHUUMU GUMPATNUY HA MEeXHIYHe 00CTY208)-
BAHHS MA NOOOBICUMU MEPMIH CLyHcOU CYOH0B8020 001a0HanH:. 1 iOpudHi cunoesi ycma-
HOBKU, AKI NOEOHYIOMb 084 aO0 Oiibute 0dicepell eHepeii, MAKONHC MOACYIb OONOMOSIU
niosuwumu enepeoeexmugnicms cyoeH. Lle mooice smeHuumu cnoMCUGAHHs NAIUEA
ma GuUKUOU, 0COOMUBO 6 YMOBAX HU3LKO2O Haganmadjicenus. 1iopuoni cunosi ycma-
HOBKU MAKONC MONHCYMb OONOMOSIMU NIOGUYUMU 302ANbHY NPOOYKMUBHICMb | HAOT-
Hicmb enepeemuunoi cucmemu cyona. Bucnoseku. niosuwenns enepzoedexmusrocmi
CYOeH € BaNCIUBUM KPOKOM Y 3MEHUIEHH] 6NAUEY CYOHONNAGHOI 2any3i HA HABKOTUWHE
cepedosunye. Ichytoms pizui cmpamezii ma mexHono2ii, AKi MOJNCHA 3aCmocy8amu O
00CsICHEeHHS Yici Memu, 6KII0YAIOYU ROKPUMMSL KOPNYCY, peKynepayiio ionpayboeaHo-
20 menaa, cucmemu YApasnintsa enepaicio, ciopuoni cucmemu Cui080i YyCmaHo8Ku ma
simposy msey. Xoua KodcHa cmpamezisi Mac c60i nepesacu ma oOMedicents, ix cniioHe
BUKOPUCIAHHS MOJACE OONOMOSIU NIOBUWUMU 302ATbHY eHepeoeheKMUBHICIb CYOeH |
3Menwumuy ixHitl 6116 HA HABKOTUWHE Cepedosulye.

Knwuogi cnosa: enepeoeexmusHicms cyoen, CHOMCUBAHHS NATUSA CYOHAMU,
8IMpPOGI pyWitiHi MexHoN02ii.
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Introduction. The shipping industry is a critical component of the global
economy, with around 90% of the world's trade being transported by ships.
However, the industry also has a significant environmental impact, contributing
to around 2.5% of global greenhouse gas emissions. As such, there is a growing
need to improve the energy efficiency of ships to reduce their environmental impact
and comply with increasingly stringent regulations.

Improving energy efficiency on ships can also have significant economic benefits
by reducing fuel consumption and operating costs. For example, a 2018 report by
the International Maritime Organization (IMO) found that implementing energy
efficiency measures could result in fuel savings of up to 75%, with corresponding
reductions in emissions and operating costs.

Statement of the problem. Given the growing interest in improving energy
efficiency on ships, there have been significant developments in technologies
and strategies to achieve this goal. These range from advanced propulsion systems
to hull coatings, waste heat recovery, and energy management systems. However,
there is a need for further scientific analysis to assess the effectiveness of these
technologies and strategies in different ship types and operating conditions, as well
as to identify new solutions for improving energy efficiency in the shipping industry.

Therefore, this article will explore the various technologies and strategies
available to improve energy efficiency on ships, and provide a scientific analysis
of their effectiveness.

Background (Analysis of recent research and publications). The shipping
industry is a significant contributor to global greenhouse gas emissions, accounting
for around 2% of global emissions (around 4% in EU) in 2019. The primary source
of emissions from ships is the burning of fossil fuels, which power the large diesel
engines that propel the vessel through water (the shipping emission output varies on
ships’ types and their routes).

However, not all of the energy produced by the engine is used to move
the ship. A significant amount of energy is lost through inefficiencies in the engine
and transmission systems, as well as through drag caused by the ship's hull
and propellers. Therefore, improving energy efficiency on ships can lead to
significant reductions in fuel consumption and emissions.

The need to improve energy efficiency on ships is becoming increasingly
urgent due to global efforts to address climate change. The International Maritime
Organization (IMO), a United Nations agency responsible for regulating shipping,
has set targets to reduce greenhouse gas emissions from the shipping industry.
These include a target to reduce the carbon intensity of international shipping by
at least 40% by 2030, compared to 2008 levels, and to reduce total greenhouse gas
emissions from international shipping by at least 50% by 2050, compared to 2008
levels.

Improving energy efficiency on ships can also have significant economic benefits.
Fuel costs can account for up to 60% of a ship's operating costs, and reducing fuel
consumption can result in substantial savings, plus as per post-pandemic and war/
post-war circumstances fossil fuel price will continue to grow (despite fuel spread
and availability).
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Fig. 1. Greenhouse gas emissions in EU, 2019 (info by EU Parliament) [1]
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Fig. 2. Global distribution of gas emissions from shipping
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Marine fuel prices and HSFO-VLSFO spread
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Fig. 3. HSFO/VLSFO prices worldwide, 2019-2022 (chart by “American Shipper”
based on data from Ship & Bunker) [3]

In addition, improving energy efficiency can help shipping companies to comply with
regulations and enhance their reputation as environmentally responsible organizations.

Purpose. Therefore, there is a growing need to identify and implement technologies
and strategies to improve energy efficiency on ships. These can range from simple
measures such as optimizing vessel speed and route planning to more advanced solutions
such as hybrid or electric propulsion, hull coatings, waste heat recovery, and energy
management systems. However, the effectiveness of these technologies and strategies
can vary depending on a range of factors, including the ship's size and design, operating
conditions, and maintenance practices. Therefore, it is important to carefully evaluate
the potential benefits and costs of each technology or strategy on a case-by-case basis.

Technologies and strategies. There are several technologies and strategies that can
be used to improve energy efficiency on ships, including but not limited to:

1. Hull coatings [4]:

Hull coatings can be used to reduce drag and improve the flow of water around
the ship's hull, thereby reducing fuel consumption. For example, a silicone-based coating
can reduce frictional resistance by up to 20%, while a super-hydrophobic coating can
reduce drag by up to 30% [10].

Efficiency Calculation: A study conducted by the IMO estimated that a silicone-
based hull coating could result in fuel savings of up to 5%, depending on the ship's size
and operating conditions.

2. Waste heat recovery [5]:

Waste heat recovery systems can capture and reuse heat generated by the ship's
engine, reducing the amount of fuel needed to generate the same amount of power.
For example, a waste heat recovery system can recover up to 40% of the energy from
the engine's exhaust gas [11].

Efficiency Calculation: A study conducted by the European Commission estimated
that a waste heat recovery system could result in fuel savings of up to 10%, depending
on the ship's size and operating conditions.

3. Energy management systems [6]:

Energy management systems can be used to optimize the operation of the ship's
engines and equipment, reducing energy waste and improving efficiency. These systems
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can monitor and control fuel consumption, adjust engine speed and power, and optimize
equipment performance.

Efficiency Calculation: A study conducted by the IMO estimated that an energy
management system could result in fuel savings of up to 15%, depending on the ship's
size and operating conditions.

ISO 50001 is a voluntary international standard. It applies to organisations of any
size, and provides requirements for establishing, managing and improving their energy
consumption and efficiency.

ISO 50001 is designed to be compatible and harmonised with other system standards,
such as ISO 14001 for environmental management systems and ISO 9001 for quality
management systems. It is therefore ideal for integrating into existing management
systems and processes such as environmental, and health and safety.
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Fig. 4. ISO 50001 standard s principles for energy management systems on ships, IMO [6]

ISO 50001 assists facilities in evaluating and prioritizing the implementation of new
energy-efficienttechnologies and inimproving energy efficiency, energy use and consumption.
It also creates transparency and facilitates communication on the management of energy
resources. It promotes energy management best practices and behaviors, and provides
a framework for promoting energy efficiency throughout the supply chain and facilitates
energy management improvements for greenhouse gas emission reduction projects.

Certification to the standard can contribute to:

— Improvement of energy performance, including energy efficiency, use and energy
consumption.
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— Reducing environmental impact, including greenhouse gas emissions without
affecting operations and simultaneously increasing profitability.

— Continual improvement of the energy management systems.

— Ensuring measurement, documentation, reporting and benchmarking of energy
consumption.

— Credible market communication about energy performance efforts.

Therefore, abovementioned principles can be applied in developing various strategies
for energy efficiency on ships directly, as these are something that navigators can control
and maintain on the operational level.

4. Hybrid propulsion:

Hybrid propulsion systems use a combination of conventional and electric power
to reduce fuel consumption and emissions. For example, a ship equipped with a hybrid
propulsion system can switch between diesel and electric power depending on
the operating conditions, such as when entering and leaving ports.

Efficiency Calculation: A study conducted by the European Commission estimated
that a hybrid propulsion system could result in fuel savings of up to 30%, depending on
the ship's size and operating conditions [7].

5. Wind propulsion [8]:

Wind propulsion systems can be used to harness the power of wind to reduce fuel
consumption. These systems can range from simple sails to more advanced solutions
such as rotor sails or kites [9].

Efficiency Calculation: A study conducted by the University of Delaware estimated
that a rotor sail system could result in fuel savings of up to 10%, depending on the ship's
size and operating conditions.

Scientific analysis. Several studies have been conducted to assess the effectiveness
of these technologies and strategies in improving energy efficiency on ships. For
example, a study published in the Journal of Marine Science and Engineering found that
using advanced propulsion systems and hull coatings could reduce fuel consumption by
up to 35% and 12%, respectively. Similarly, a study published in the Journal of Cleaner
Production found that waste heat recovery systems could improve energy efficiency by
up to 20%.

Hull coatings can help reduce the drag on a ship's hull, thereby reducing fuel
consumption and emissions. The use of silicone-based fouling release coatings has been
found to be particularly effective in reducing drag and improving energy efficiency.
However, the effectiveness of hull coatings depends on the specific design and operating
conditions of the ship, and some hull coatings may not be effective in all situations.

Waste heat recovery is another strategy that can improve the energy efficiency
of ships. Heat recovery systems can be used to recover waste heat from the ship's engine
and other equipment, and convert it into useful energy. This energy can then be used to
power the ship's systems, thereby reducing the need for fossil fuels. There are various
waste heat recovery technologies available, including steam turbines, organic Rankine
cycles, and thermoelectric generators.

Energy management systems can also be used to optimize the operation of a ship's
engines and equipment, and improve energy efficiency. These systems can monitor
and control the ship's energy consumption, and provide real-time data to the crew to help
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them make more informed decisions about energy use. Energy management systems
can also help reduce maintenance costs and extend the lifespan of the ship's equipment.

Hybrid propulsion systems, which combine two or more power sources, can also help
improve the energy efficiency of ships. For example, a hybrid propulsion system may
combine a diesel engine with an electric motor, allowing the ship to operate on either
power source as needed. This can reduce fuel consumption and emissions, especially
during low-load conditions. Hybrid propulsion systems can also help improve the overall
performance and reliability of the ship's power system.

Finally, wind propulsion technologies, such as rotor sails or kite sails, can be used
to reduce fuel consumption and emissions in the shipping industry. These technologies
harness the power of wind to propel the ship, reducing the need for fossil fuels. While
wind propulsion technologies are still relatively new, they have shown promising results
in terms of reducing fuel consumption and emissions.

Conclusion. In conclusion, improving the energy efficiency of ships is an important
step in reducing the shipping industry's impact on the environment. There are various
strategies and technologies that can be employed to achieve this goal, including hull
coatings, waste heat recovery, energy management systems, hybrid propulsion systems,
and wind propulsion. While each strategy has its advantages and limitations, their
combined use can help improve the overall energy efficiency of ships and reduce their
impact on the environment.
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