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Summary

Introduction. Maritime transportation has always been an important component
of global trade and commerce. The emergence and development of new technologies,
as well as growing demands for efficiency and sustainability, have led to a period
of transformation in the industry. The introduction of new technologies is no longer
a choice, but a necessity for maritime transport enterprises to remain competitive
and meet the requirements of a rapidly changing market. The advantages of using
innovative technologies in maritime transport are numerous, allowing for better
control of the ship and her propulsion system, which in turn reduces the risks of
harmful impact on the ecosystem. The latest technologies can significantly improve
the efficiency of maritime operations, which includes optimizing shipping routes and
reducing fuel consumption. Shipping companies are able to use improvements in both
hardware and software to optimize their fleet monitoring and management operations
through satellite data and shipboard sensors that connect equipment, which increases
safety of navigation, helps to address environmental issues in shipping and improves
the operational efficiency of transport operations. Purpose. This article offers
an overview of the background of technological innovation, the current state of
the maritime transportation industry, and the challenges it faces in adopting new
technologies. It also looks at some of the recent technological advances and their
potential impact on the industry and the prescriptive opportunities that maritime
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transport has to offer. Results. The process of introducing the latest technologies is
a way to overcome regulatory barriers and high investment costs, modern ways for
transport companies to navigate the complex landscape in order to realize the full
potential benefits of such technologies and a constant search for a balance between
improving operational efficiency and solving environmental problems. Conclusion.
In assessing the future of such technologies, it should be noted with confidence that
the introduction of new technologies has the potential to fundamentally change
maritime transport, so adopting these changes and utilizing them contributes to a
more sustainable, efficient and competitive industry.

Key words: Maritime transportation, freight and passenger carriage, innovative
technologies, shipping technology, autonomous ships, sustainable development, safety
of shipping, ship navigation.
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Anomauisn

Bcmyn. Mopcokuti mpancnopm 3a82cou 0y8 8adiCaugoi0 CKIAO08010 CBIMOBOT
mopeieni ma xomepyii. Ilosasa i po36umox HOBUX MEXHON02TU, A MAKONC 3POCMAIOUi
8UMO2U 00 eheKMUBHOCMI Ma CMan020 PO3GUMKY CHAPUYUHUIU Nepiod mpaHcgop-
mayii eanysi. Bnposadocenus nosux mexuonozii 6invuie He € 6ubOpom, a HeobXio-
HicmIO 0151 NIONPUEMCIE MOPCHLKO20 MPAHCROPMY, Wob 3aNIUUAMUCA KOHKYPEHMO-
CNPOMONCHUMU § 8I0N08IOAMU BUMO2AM PUHKY, WO WEUOKo 3mintoembca. [lepesazu
BUKOPUCMAHHSL THHOBAYIUHUX MEXHO02Il HA MOPCbKOMY MPAHCROPMI YUCTEHHI, BOHU
0036071A10Mb AKICHIUE KOHMPONIOBAMU CYOHO I CUN08I YCIMAHOBKU, WO 8 CB0I0 Yepey
BHUDIICYE PUBUKU WKIOIUB020 6NAUBY HA eKocucmemy. Hogimui mexnonoeaii 30amui 3na-
YHO nioGUWUMU eqheKMUBHICMb MOPCbKUX Onepayill, wo nepedbavac onmumizayirno
CYOHONNLABHUX MAPUIPYMI6 i CKOpOUeHHA chodcueanta naiuea. CyOHoniagHi komna-
Hii 8 3M03i BUKOpUCMO8Y8AMU 800CKOHAIEHHA AK ANApAmMHO20, MAK i NPOSPAMHO20
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3abe3neuents 01 ONMUMIzayii ceoix onepayil 3 MOHIMOPUHSY MA YNPAGIIHHI POOO-
MOI0 8IACHO20 (PAOMY 3A60SAKU OAHUM 3 CYRYMHUKIE | 0amMYUKamM 6CMAHO6IEHUM HA
CyYOHi, AKi 3'€OHyI0Omb 001A0HAHHSA, WO NIOSUWYE Oe3NeKy MOPENIABCMEA WO CHPUSIE
BUPIUEHHIO eKONO2THHUX NPOOLeM CYOHONIABCMBA | NIOGUUYE ONEPayiliny ehexmus-
Hicmb mpaHcnopmuux onepayin. Mema. L[a cmammsa nponouye oensio nepedymos
MEXHON02IUHUX THHOBAYIU, AHANI3 NOMOYHO20 CIAHY 2aly3i MOPCbKO20 MPAHCHOP-
my ma BUKAUKIB, 3 AKUMU B0HA CIMUKAEMbCA HPU BNPOBAONCEHHI HOBUX MEXHONO0-
eiti. Taxoorc po3zensdaromuvcs 0esKi 3 OCMAHHIX MeXHON02IUHUX 00CACHeHb md IXHill
nOMeHYTUHUY 6NIUB HA PO3BUMOK 2A1Y3I, 30KDeMd, HA MOICIUBOCHI, 8IOKpumi nepeo
Mopcokum mparcnopmom. Pezynomamu. Ilpoyec 6nposadsiceHts HOBIMHIX MexXHON0-
2itl Ye WX no0oNanHs pecyiamopHux oap'epie ma eucokoi eapmocmi ingecmuyit,
cyuacHi cnocobu opienmayii mpaHcnopmuux KOMNAHIU 6 CKAAOHOMY AAHOuagdmi,
3 Memolo peanizayii noeHo0 MIpol NOMEHYIUHUX nepesas makux mexHoao2ii ma
ROCIUHUI NOUWLYK OANAHCY MIdIC NIOSUWEHHAM ONepayiunol epexmuenocmi ma eupi-
weHHAM exono2iuHux npoonem. Bucnoexu. Oyinioroyu matilOymue maxkux mexmonozit,
HeoOXIOHO 3 YNEeBHeHICMIO 3A3HAYUMU, WO 8NPOBAONCEHH HOBIMHIX PO3POOOK Mac
NOMeEHYIAN OOKOPIHHO 3MIHUMU chepy MOPCLKUX NePeBe3eHb, MOXC NPULHAMMS YUX
3MIH mMa iX GUKOPUCIAHHSA CRpUSMUMe CMBOPeHHI0 Oiib cmilikoi, epexmusHoi ma
KOHKYDEHMOCNPOMONCHOL MOPCbKOT IHOYCmPIi.

Knwuosi cnosa: mopcokuii mpancnopm, 8aHmadxcHi ma nacaxicupcvKi nepeseseH-
H3, IHHOBAYIIHI MEXHON02IL, MeXHOL02Ii MPAHCNIOPIYBANHSL, ABIMOHOMHI CYOHA, CIMAULL
PO38UMOK, be3nexa CyOHONIA8CmaEa, npoyec CyOHOBOOIHHS.

Introduction. New technologies in the maritime industry include autonomous ships,
marine robotics, new materials, blockchain, IoT, advanced communications, artificial
intelligence, virtual reality and augmented reality. These technologies are being used to
improve navigation, fuel efficiency and safety. The maritime industry has seen the intro-
duction of new ship classes, including autonomous ships and digital twins. These tech-
nologies are expected to revolutionize the industry in the coming years.

The introduction of innovations and their development in the marine transport industry
is the subject of the works of many scientists. Thus an overview of the main technological
trends transforming the maritime industry is devoted to the work [1]. In [2] researched
exploring technology in maritime sector and its role in coping with the COVID-19 pan-
demic. Smart ship technologies for the maritime industry studied in [3]. Wértsild ency-
clopedia of ship technology aimed at strengthening the growth and ensuring the future
of commercial shipping and adapting the industry to the new realities in [4]. The rapid
development of information technology, which the shipping industry is experiencing
as an important period of change in the development of the transition to intelligence
and wisdom, is explored in [5]. The importance of emerging technologies to the increas-
ing of corporate sustainability in shipping companies reserched in [6]. Innovation through
collaboration: application in the maritime industry, future in maritime education and train-
ing and priority areas of innovations in maritime industry examined in [7-9]. Studies in
national governance and emerging technologies given in [10]. Rights of salvage and inno-
vation in the united states admiralty courts explored in [11]. Navigational safety assess-
ment and autonomous ship concept researched in [12, 13].
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Thus, a review of the literature on the topic of research indicates that the subject is
very relevant, and its impact on the development of the shipping industry is difficult to
overestimate.

Materials and methods. The maritime transport industry is constantly evolving,
and new technologies are being developed to improve efficiency, safety, and sustain-
ability. Prerequisites for the introduction of new technologies in the maritime transport
industry are primarily in the development of infrastructure. New technologies often
require changes in the infrastructure of ports and terminals. For example, the instal-
lation of shore power systems to support electrification of vessels, or the deployment
of autonomous mooring systems to accommodate autonomous ships. Maritime trans-
port is a highly regulated industry, and new technologies must comply with international
and national standards and regulations. Standards for cybersecurity, safety, and environ-
mental protection are particularly important for new technologies in the maritime sector.
New technologies often require high-speed and reliable connectivity to transmit data
between ships, ports, and other stakeholders in the maritime transport supply chain. The
availability of satellite communications and 5G networks can enable new technologies
such as remote vessel monitoring and control. The successful implementation of new
technologies requires a skilled workforce that can operate and maintain these technol-
ogies. Training programs and certification schemes are needed to ensure that seafarers,
port workers, and other stakeholders have the necessary skills and knowledge to work
with new technologies.

The adoption of new technologies requires significant investment from the maritime
transport industry, including ship owners, ports, and logistics companies. Funding for
research and development, pilot projects, and large-scale deployment is needed to
accelerate the adoption of new technologies. The successful implementation of new
technologies requires collaboration between different stakeholders in the maritime
transport industry, including ship owners, ports, logistics companies, technology
providers, and regulators. Collaboration can help to overcome barriers to adoption
and accelerate the development of new technologies.

Infrastructure
Investments and Standards and
collaboration regultions
Skilled workforce Connectivity

Fig. 1. Prerequisites for new technologies on the maritime transport
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The maritime industry faces a number of challenges, including a shortage
of workers, new environmental regulations, safety risks, and rising costs. In addition,
the industry faces a constant imbalance of supply and demand, environmental
imperatives, and employment issues related to an aging workforce. In 2023
and beyond, people will remain the focus of the industry while introducing technology
and solving environmental problems. Thus, the maritime industry is undergoing
a technological revolution that is transforming the way shipping companies operate.
Technology is setting up trends and challenges in maritime management, with smart
fleet operation and autonomous vessels being some of the most promising areas
of development. The International Council on Clean Transportation has identified
several technologies and operational strategies aimed at increasing ship efficiency,
including wind-assisted propulsion, air lubrication systems, and hull coatings.
These technologies can help reduce CO, emissions from ships and make the marine
sector safer for the environment.

Several factors contributed to the emergence of innovation in the maritime industry,
including the following:

1. Advancements in technology. The maritime industry has been greatly impacted
by technological advancements, which have led to the development of new and inno-
vative tools, equipment, and software that have made shipping safer, more efficient,
and more environmentally friendly. Examples of such technologies include automated
cargo handling systems, satellite communication systems, and computerized navigation
and tracking systems.

2. Environmental concerns. Growing concerns about the impact of shipping on
the environment, such as pollution, greenhouse gas emissions, and oil spills, have led to
the development of new technologies and practices that aim to reduce the environmental
impact of the maritime industry. These innovations include hybrid and electric ships,
ballast water treatment systems, and waste management technologies.

3. Economic pressures. Economic pressures have also played a role in driving inno-
vation in the maritime industry. Shipping companies are constantly looking for ways to
increase efficiency, reduce costs, and improve profitability, which has led to the develop-
ment of new technologies and practices that can help them achieve these goals. Exam-
ples of such innovations include containerization, just-in-time inventory management,
and the use of big data and analytics to optimize shipping routes and improve supply
chain management.

4. Globalization. The increasing globalization of trade has created new opportunities
and challenges for the maritime industry, which has led to the development of new tech-
nologies and practices that can help shipping companies had better manage the com-
plexities of global trade. These innovations include blockchain technology for secure
and transparent supply chain management, digitalization of documentation and customs
procedures, and the use of autonomous ships and drones for shipping and port opera-
tions. These and other factors have contributed to the birth of innovation in the maritime
industry, helping to make shipping safer, more efficient, and more sustainable.

In recent years, there have been several innovations in the maritime transportation,
aimed at making the process more efficient, cost-effective, and environmentally
sustainable.

168



PO3BUTOK TPAHCIIOPTY
Ne 1(16), 2023

With the increasing use of digital technologies, the maritime industry has embraced
digitalization in areas such as documentation, cargo tracking, and communication. This
has led to greater transparency, improved efficiency, and reduced paperwork. Automation
has been implemented in some ports and terminals, leading to faster turnaround times
and reduced waiting times for vessels. Automated systems also enable real-time tracking
of cargo and provide accurate data on container movements. The use of liquefied natural
gas (LNG) as a fuel source for ships is gaining popularity due to its lower emissions
of pollutants and reduced fuel costs. LNG-powered vessels are currently being used
for both container and bulk cargo transport. Advanced analytics tools are being used
to analyze data from shipping operations, which can help to optimize route planning,
reduce fuel consumption, and improve overall efficiency. Blockchain technology is
being used to improve the security, transparency, and efficiency of maritime supply
chains. By creating a tamper-proof digital ledger, blockchain can help to reduce fraud,
increase trust between parties, and improve supply chain visibility. The industry is
exploring ways to reduce its environmental impact by using renewable energy sources,
such as wind and solar power. Some vessels are also being retrofitted with scrubbers,
which remove sulfur and other harmful emissions from exhaust gases. With all these
innovations, the maritime shipping industry is transforming itself, making it more
sustainable, more efficient and more cost-effective.

The COVID-19 pandemic has created unprecedented challenges for professionals
across the maritime sector. However, technology can greatly improve the efficiency
of maritime operations by creating a more sustainable and resilient shipping industry.
Several international companies
and port authorities from different
parts of the world haverecently signed
a Memorandum of Understanding
to ensure the interoperability
of  various global  maritime
technology platforms, which
will require developing common
data standards and Application
Programming Interfaces (APIs).

The maritime industry is now
looking to deploy more and more
new generation vessels that could
become a major component
of the global freight transportation
of the future. Since the 1960s, vessel
tonnage has steadily increased due
to economies of scale and fuel
efficiency, with some container ships
now boasting a capacity of 24,000
TEU. In port, these giant vessels are
systematically connected to the shore ~—

power grid, reducing emissions Fig. 2. 3D-printed screw of the new
generation
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while in port. This vision of the future will be achieved by modernizing the existing
tonnage and building new vessels. The modernization and refitting of ships in service
can be accomplished with lower material costs and fewer emissions thanks to additive
manufacturing technology. This production method, which is already in use in various
industries, can be used to manufacture anything from small machine parts to giant ship
propellers.

More recently, a new generation 3D printed propeller, manufactured by the Naval
Group in Paris in 2021, has been tested and certified. Naval Group produced this next-
generation propeller with a 2.5-meter span, supported by five 200-kilogram blades,
using a metal 3D printing process. Installed on the tripartite-class mine hunter, this
propeller will now accompany the vessel on all of its operational missions. This screw
is a technological achievement, as it is the largest metal 3D printed screw ever produced
and the first screw to be made using additive manufacturing technology to equip
a warship in service.

As part of its contribution to the maritime industry, the EU is funding projects to
take advantage of new lightweight and high-performance materials that will be used
in shipbuilding, for example to develop the first hollow propeller blade demonstrator.
This innovative result was achieved using additive manufacturing (AM), a process in
which 3D objects are created by adding layer after layer of material. Although additive
manufacturing is increasingly present in industry, programming and designing complex
parts such as propeller blades for a ship presents a significant challenge. The goal
of the project is to produce propeller blades that increase the operational capabilities
of the vessel.

Achieving high quality requires careful design, so modern technology has been
involved in every step of the manufacturing and testing process. Drawing on technical
expertise and innovative capabilities in 3D printing technology for the maritime industry,
worked closely with Naval Europe Group's Inventor's Office throughout the process to
define a production test and inspection plan for 3D printed parts, overseeing production
steps and testing.

The AM process that researchers are using to improve ship propulsion is called wire
arc additive manufacturing (WAAM). The process involves melting metal wire using
an electric arc as a heat source. Once melted, the wire is extruded into beads that stick
together to create a layer of metal. This is then repeated layer by layer to create a 3D
metal part. WAAM is used to design large components — in this case, propellers up to
6 meters in diameter - those traditional manufacturing techniques are not capable of.
This development will make it possible to produce propellers that are more complex in
the future.

By improving ship design, from propellers to engines, the level of underwater
noise emissions generated by ships will be significantly reduced, with less impact on
wildlife mating, hunting and navigation. Excessive underwater noise levels can be
particularly dangerous for marine life such as whales and dolphins, as it interferes with
their communication, hunting, migration and echolocation. In addition to protecting
the marine ecosystem, managing shipboard noise and vibration sources can improve
crew well-being. An additional step to protect animal welfare will be a systematic
approach by the human population to clean up the oceans from plastic waste. In
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the future, the waters are planned to be patrolled and cleaned by small, safe electric
vessels that will collect plastic and other waste to be sorted and recycled or disposed
of responsibly. Through rig-to-shore programs, remnants of human presence, such as
idle oil and gas platforms, will remain homes to corals and fish that can repopulate
them. Under these programs, all hazardous materials are removed and the structure is
left to nature.

There are several innovative technologies that are being developed or already in
use in maritime passenger transportation. Here are some examples such as electric
and hybrid ferries, which are becoming more common as a way to reduce emissions
and noise pollution. For example, the Ampere, the world's first all-electric ferry, operates
in Norway, and there are plans to build more electric ferries in other parts of the world.
Autonomous ships are being developed to improve safety and reduce the cost of crewing.
Several companies, including Rolls-Royce and Kongsberg, are working on autonomous
ship projects. Virtual reality (VR) technology is being used to enhance the passenger
experience on cruise ships. For example, Royal Caribbean has installed VR bungee
trampolines and virtual reality headsets on its ships. Advanced propulsion systems,
such as fuel cells, are being developed to reduce emissions and improve efficiency. For
example, the MS “Color Hybrid”, which operates in Norway, is the world's largest plug-in
hybrid ship and uses both batteries and liquid natural gas as fuel. Air lubrication systems
use a layer of air bubbles to reduce friction between the hull of a ship and the water,
which can reduce fuel consumption and emissions. These systems are being tested on
several ships, including the Viking Grace ferry.

Energy storage systems: Energy storage systems, such as batteries and flywheels, are
being developed to improve the efficiency of ships and reduce emissions. For example,
the Edda Ferd offshore vessel, which operates in Norway, is equipped with a hybrid
battery system.

Overall, these innovative technologies have the potential to make maritime passenger
transportation more sustainable, efficient, and enjoyable for passengers.

Smart ship technologies are also transforming the shipping industry. Autonomous
technology for ships, IoT (internet of things), and data analytics represent some
of the modern features that companies are adopting to improve shipping efficiency. By
incorporating these features into their operations, shipping companies can improve time
management and increase output from this domain. For example, implementing smart
technology that accurately routes, deploys, and controls supply vessels would allow
logistics divisions to be used in a more efficient manner.

Wirtsild is one company leading innovation in ship technology. They believe that
the marine industry must adapt to new technologies to remain competitive in today's market.
Wairtsild's recent acquisition of L-3 MSI brings a broad range of competencies within their
portfolio. With 180 years of experience behind them as a technology leader in the marine
industry's global transition to greater efficiency, lower operating costs, and enhanced
environmental performance they are uniquely positioned to influence its future.

Some of the most promising maritime technologies include artificial intelligence, big
data analytics, IoT on ships, and digital route optimization. Sensor technologies are also
a popular choice for maritime-related industries. According to the experts, the top 10
trends in the maritime industry for 2023 include autonomous shipping, green shipping
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and smart ports. ABB is one of the most innovative corporations in the maritime industry,
offering a full range of digital solutions. Revolutionary technologies that are set to
transform the maritime industry include blockchain, augmented reality and unmanned
surface vehicles.

The future of maritime technology is bright: transforming technologies will lead to
advances in ship design, propulsion and energy. Digitalization will facilitate automation
and lead to smart ships, positively affecting safety and environmental performance.
Communications will play a key role in the future of maritime technology, providing
smart shipping, loT, advanced communications, and artificial intelligence. New
technologies that will revolutionize the maritime industry include blockchain, augmented
reality, and unmanned land vehicles. The industry must adapt to these changes to remain
competitive.

Results and discussion. The maritime industry is expected to see a wide range
of trends in the coming years, including Al, clean energy sources, and autonomous
ships. Other trends include digital sensoring, port automation, and blockchain. Industry
experts predict that collaboration, green transition, security, and energy cost trends will
be important in 2023. Green technology, electric ships, big data and predictive analytics
are among the forthcoming innovations in the shipping industry.

Innovation in maritime transport can be achieved through the development
and implementation of algorithm. Here are some steps that can be taken to implement
an algorithm for innovation in maritime transport:

START
L)

Identify the problem

L

Collect and analyze
the data

Develop hypothesis

T'est the hypathesis

!

centable? Refine the
Acceptabled algorithm
Yes
+ . L
Monitor and Implement
E — &
evaluate algorithm
[
L]
END

Fig. 3. Innovation technologies implementation algorithm
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Starting with identifying the specific problem that needs to be solved in maritime
transport, it could be anything from reducing fuel consumption to optimizing shipping
routes. Gather data related to the problem identified which could include information
on ship performance, weather patterns, shipping routes, and cargo volumes. Analyze
the data using statistical analysis and data visualization techniques to explore the data
and identify patterns and correlations. Based on the data analysis, develop a hypothesis
about how to solve the problem. For example, the hypothesis that adjusting vessel
speed to weather conditions can significantly reduce fuel consumption. Develop
an algorithm or formula based on your hypothesis and test it using real-world data. This
could involve running simulations or conducting experiments on actual ships. Based
on the results of your tests, refine your algorithm or formula to improve its accuracy
and effectiveness. Once you have a robust algorithm or formula, implement it on a wider
scale in the maritime industry. This could involve collaborating with shipping companies
or working with government agencies to promote the adoption of the new technology.
Finally, monitor the performance of your algorithm over time and evaluate its impact
on the industry. Use this feedback to continue refining the algorithm and improving its
effectiveness. By following these steps, innovative algorithms can be created to help
solve maritime transportation problems and move the industry forward.

Conclusion. Several strategies can be used to promote technological innovation
in the maritime transport sector, primarily by encouraging and investing in research
and development activities to develop new technologies and improve existing ones.
This can include partnerships with universities, research institutes and other companies.
Governments can provide financial incentives and funding for companies that invest in
new technologies and innovations. This can include tax breaks, grants and subsidies.
Collaboration between industry players should be encouraged to share knowledge
and resources, and to work together to develop new technologies. Governments can
also create regulations and standards that promote innovation and new technologies.
These can include emissions standards, safety standards, and performance standards.
Companies can use open innovation strategies to collaborate with external partners to
develop new technologies. This can include partnerships with startups, universities,
and other companies in the industry. The use of digital technologies such as big data,
IoT and blockchain can help improve efficiency, reduce costs and increase transparency
in the maritime transportation industry. The development and adoption of sustainable
technologies that promote environmental sustainability, such as low-emission fuels,
renewable energy and green ports, are just a few of the basic areas that can be used to
promote technological innovation in maritime transport.
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