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Abstract. Expansion of the use of renewable energy sources (RES) became
possible due to technical progress in this area, which allowed, first of all, to significantly
reduce the cost of electricity production by wind and solar power plants of various types.
Since 2000, wind power has developed with an average annual growth rate of more than
21%. In the early years of wind power deployment, Europe was the key region for global
wind turbine installations. In 2010, the region accounted for 47 % of global onshore wind
turbine deployments. After 2010, other regions, especially China, have seen rapid wind
energy development. By 2018, China had overtaken Europe to become the largest
onshore wind energy market with nearly one-third of the world's installed capacity. Some
experts estimate that onshore wind power installations will need to have an average
annual growth rate of more than 7 % over the next three decades. Offshore wind energy
technologies allow countries to exploit generally higher and sometimes more stable wind
resources, by implementing gigawatt projects near densely populated coastal areas
common in many parts of the world. This makes wind power an important addition to the
portfolio of low-carbon technologies available to the energy sector in many countries.
Green energy, in terms of environmental impact, leads to a more environmentally
friendly process.
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Energy obtained from naturally occurring sources such as wind, sun and water,
i.e. renewable energy is better for the environment because energy production does not
produce greenhouse gases — gases that enter the atmosphere, trap heat and cause global
warming.

The main goal of our work is to analyze the experience of large-scale
development of renewable energy sources in a number of countries, its impact, including
negative ones, on traditional generation and the electricity market, with the development
of relevant specific recommendations for overcoming specific challenges and ensuring
environmental safety in each country

Keywords: green energy, solar installations, wind turbines, traditional energy
resources, renewable energy sources, maritime fleet.
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Anomauin. Pozwupenns suxopucmarus eionoeniosanux ogcepen (BIE) enepeii
CIMAN0 MONCIUBUM 3A80AKU MEXHIYHOMY Npozpecy 8 Yili eany3i, o 00380aUN0, nepul 3a
6ce, 3HAYHO 3HU3UMU CcOoOIBapmicmes GUPOOHUYMBA eneKmpoeHepeii 8imposumu ma
COHAYHUMU enlekmpocmanyiamu piznux munis. 3 2000 poky simpoenepeemuxa po3eusa-
JACs i3 cepeOHbOPIYHUM MeMNoM 3pocmanis Oinbut nioe Ha 21 %. Y nepuii poxu poszeop-
manns eimpoenepeemuxu €epona 6yna KuO4O8UM pPe2iOHOM 2100ANbHO20 B8E0EHHSA
simpoycmanogok. ¥ 2010 poyi na pezion npunadano 47 % ceimosux 68e0eHb HAZEMHUX
8IMPOYCMAHOBOK.
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Hicna 2010 poxky wieuokuil po36umox GimpoeHepeemurki CnoCmepieacmovcs 6
inuux pecionax, ocoonueo y Kumai. /lo 2018 poxy Kumaii éunepeous €epony i cmas
HAUOIIbWUM HA3EMHUM BIMPOEHePLeMUYHUM DUHKOM 13 Matice OOHIEN MPemuHoio
B8CMAHOBIEHOI NOMYIICHOCMI Y cimi. 3a OYIHKOIO 0esKUX eKCnepmis, npomsa2om Hacmyn-
HUX MPbOX OecAmulimos HA3eMHI 8IMPOEHeP2eMUYHi YCMAHOBKU NOSUHHI MAMU cepeo-
HbOPIUHULl NOKA3HUK 3pocmanna nonad 7 %. Texuonoeii mopcwvkoi eimpoenepee-muxu
00380110Mb KPAIHAM eKCNIYamy8amu 3a2aiom Guyi, iHKoau e i Ointbu cmabinvui eim-
PO8I pecypcu, peanizylouu 2ieagamui NPOEKmu OOaU3y 2yCMOHACENeHUX Npudepedc-Hux
paiioHie, nowiupenux y Oazamvox yacmunax ceimy. Lle pobums eimpoenepeemuxy
BANCIUBUM OONOBHEHHIAM 00 NOPMPENIO HUZLKOGY2NEYEBUX MEXHON02IU, OOCYNHUX OJls
eHepeemuuH020 ceKkmopy 6a2amvox Kpai.

3enena enepeemuxa, 3 mouku 30py 6NIUGY HA HABKOIUUHE CEPeOOBUUye, NPU3BO-
oums 00 binvbu exonoeiuno yucmozo npoyecy. Enepeis, ompumana 3 npupoonux odice-
pen, makux AK eimep, COHye i 600d, MOOMO BiOHOBNI08AHA eHep2if, € Kpawjow O
HABKONUUHBO20 Ceped08Ua, OCKIIbKU NpU il BUPOOHUYMEI He YMBOPIOIOMbCA NAPHUKOSI
eazu — easu, sKi NOMPANAAIOMb 8 AMMOCEEPY, 3AMPUMYIOMb MEnI0 i CHPULUHSAIOMD
enobanvre nomeniinna. OCHO8HOIO Memol0 pobomu € aHaniz 00Cidy MacumabHo2o
PO3BUMKY BIOHOBNIO8AHUX 0dJicepell eHepeli 8 pAdi KpaiH, 1020 6niusy, 8 momy Hucii
He2amueHo20, Ha MPaoUYiliny eeHepayilo ma puHoK eieKmpoenepeii, 3 po3pooKoio Gi0no-
BIOHUX KOHKPEMHUX PEKOMEHOAYill U000 NOOOJNAHHS CReyu@iuHux SUKIUKie i bap'epie
ma 3a06e3neyuentst eKoa0cIuHOl Oe3neKu 8 KONCHIU KPAiHi.

Kniouosi cnosa: 3enena emepeemuxa, COHAYHI YCMAHOBKU, GimMposi mypoOinu,
Mpaouyiiii enepeopecypcu, IOHOBIIOE8AHI 0dicepela eHepeii, MOPCLKUll ¢haom.

Introduction. Climate changes are becoming an increasingly important issue as
the effects of violent forest fires and coastal flooding are being observed.There is not
much time left to combat global warming before its effects become irreversible. Some
experts believe that renewable energy is the way of the future. However, it is clear that as
the world population grows and traditional fuel sources such as coal, oil and natural gas
may become limited or insufficient, serious research into alternative energy sources is
needed.One of the challenges that many countries currently face in their pursuit of large-
scale renewable energy is the lack of skilled technical personnel to manufacture, install,
operate, and maintain renewable energy technologies. At the same time, it is known about
a very small number of initiatives for the development of training programs for the
training of mechanics or technicians in the field of technologies for the use of renewable
energy sources for work in workshops in the processing industries, as well as for work on
the installation, operation and maintenance of devices and systemsrenewable energy
sources

Formulation of the problem. As you know, today climate change is becoming
an increasingly urgent problem, for example, there are serious consequences of severe
forest fires, coastal floods, there is evidence of global warming, etc. Some experts believe
that due to the growth of the global population and the limitation of traditional fuel
sources such as coal, oil and gas, serious research into alternative energy sources is
necessary.
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It is clear that the issue of the use of renewable energy sources insea transport is
also a very relevant problem of our time [1P. 768-794; 2; 3; 5-8; 14; 15]. In research the
authors used methods of comparison and synthesis of information, theoretical analysis
and expert assessments.

Main material discussion. The author's research is based on the analysis of the
thematic literature and monitoring of Internet resource materials using statistical and
graphic data, comparison of the experience of different countries in the development of
alternative energy sources. Currently, about 90 % of the world's goods are transported by
sea, and although ocean freight transportation can be made more environmentally
friendly, cargo ships are still powered by fossil fuels. Emissions from burning cheap
fossil fuels in maritime transportation account for about 2 % of the world's total CO,
emissions.Modern ship power plants, operating on various types of fuel, do not always
meet the requirements of environmental standards. The United Nations Environment
Program (UNEP) is the main body of the United Nations for environmental protection
and one of the largest environmental organizations in the world.Renewable energy is
energy obtained from natural sources such as wind, sun, and water, which is much better
for the environment because no greenhouse gases are released during energy production.
Greenhouse gases are gases that enter the atmosphere, trap heat, and cause global
warming. Green energy leads to a more ecological ratio of environmental components.
Renewable energy sources — wind, hydroelectric, biomass, solar and geothermal —
account for only 11 % of total consumption, according to statistics. It is necessary to take
advantage of the many opportunities in the renewable energy segment to make the supply
chain more diversified. It is crucial, experts emphasize, to start making more investments
in clean energy today in order to be prepared for the future locally and globally. As the
results of our monitoring of statistical data from Internet resources have shown, lithium-
ion batteries are the future. The world's military fleet (submarines, bathyscaphes and
other marine vehicles) will increasingly use batteries based on rare-earth metals to reduce
mass and dimensional characteristics and increase operating time. This is all related to the
development of robotics and underwater vehicles. Thus, the technology of creating high-
capacity lithium-ion batteries is the basic technology necessary for the creation of
promising marine vehicles. However, it is necessary to note the problems: the issue of
utilization of lithium-ion batteries in the fleet has not been finally solved yet, which
requires large capital investments for the system development and its implementation.
When using lithium-ion batteries on marine vessels, additional financial expenditures will
be required to create new chemical compounds based on lithium and other elements,
which can be used in energy accumulators, etc., as well as to create new chemical
compounds that can be used in energy accumulators [4; 9-10; 12; 13; 16].

Let us emphasize that today the energy problem is one of the most urgent for all
mankind. Traditional sources such as oil, gas and other fossils are gradually becoming
more expensive and of course cause enormous damage to the environment. That is why
solar panels, wind and hydropower plants, as well as bioreactors are becoming so popular
today.
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All of them refer to alternative or green energy sources, which will be discussed
below.Since 2018, more than half of the increase in global generating capacity has come
from renewable energy facilities — as of 2022, their share in global power generation
capacity growth has reached more than 65 %. This means that for every additional
megawatt of fossil fuel-fired generating capacity, RES power responded with two.

By creating market and regulatory conditions, all countries can attract investment
and accelerate innovation through smart grids, efficient, reliable and sustainable
technologies. However, they need to prepare tomitigate potential challenges when trying
to integrate renewable energy. The future of energy looks different under different
development scenarios. Fossil fuel industries will suffer the most, but at the same time
they are essential for economic prosperity in transition.

Wind energy is a type of renewable energy that has reached maturity in recent
times, as rapid technology improvements, supply chain efficiencies, and material and
technical interactions in closely related markets have driven rapid cost reductions and the
beginning of significant adoption in new markets.Renewable energy development has
accelerated since 2012, reaching record levels and outpacing annual additions of
conventional capacity in many regions. Among all renewable energy technologies, wind
power after hydropower has dominated the renewable energy industry for many decades.
Solar PV remains the second largest installed capacity renewable energy sector after wind
power. By 2023, solar PV systems again dominated total renewable energy capacity and
were twice as large as wind and larger than all fossil fuels and nuclear combined. The
current, traditional economic model is sometimes referred to as the «brown economyy.
The main advantage of this model is its focus on economic efficiency and economic
growth. The main disadvantage is that it pays little attention to and does not take into
account the high negative impact that the production of goods has on the environment. It
turns out that the «brown» economy is quite (albeit conditionally) capable of providing
humanity with everything it needs. But then how will future generations meet their
needs?

The alternative to the «brown» economy is the «green» economy. UNEP defines
this economic model as follows: «4 green economy is an economy that provides long-
term improvements in human well-being and reduces inequality, while allowing future
generations to avoid significant environmental risks and impoverishmenty. A green
economy involves green energy. Through green energy, countries can significantly
reduce or eliminate carbon emissions. The world needs to move towards green energy
and carbon neutrality to preserve our planet, but it is also important not to go to extremes.
You cannot make clean energy a reality without sufficient, reliable and viable baseload
generating capacity. Suffice it to remember that it took oil almost a century to overtake
coal in the energy mix. There is a perception that there are «bad» non-renewable and
«good» renewable energy sources, but this division is reckless. Full decarbonization will
take decades, and fossil fuels will be part of the energy system for a long time to come.
And they have a chance to go from being a problem to being part of the solution through
innovation. On this point, we can agree with experts who believe the world is capable of
achieving zero emissions, but the effort to accomplish this task is «perhaps the greatest
challenge humanity has ever facedy.
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The RE 100 group, which unites companies that advocate for meeting their
energy needs entirely from renewable energy sources, includes such well-known global
brands as IKEA, Facebook, General Motors, Google, Goldman Sachs, H&M, HP, HSBC,
Microsoft, Sony, Unilever, Vestas, Walmart and others. In total, the group currently
includes 229 companies.

Let us briefly consider and emphasize the role of Hydrogen energy.Hydrogen can
be used in the «large» electric power industry, while it CAN replace natural gas and
petroleum products, in transport (substitution of petroleum products); in the buildings
sector (for heating and power supply, including autonomous, with the replacement of
natural gas or petroleum products); in industry — as a raw material and substitute for
traditional hydrocarbons.

Research results and discussion. According to leading experts, Asia will remain
the leading region for solar PV installations by 2030, with 65 % of the total installed
capacity. Significant development will be seen in China, where, according to forecasts, by
2030, 65 % of the total installed capacity will be installed. Projected to reach about
1,412 GW of installed capacity by 2030. North America will have the second largest
installed solar PV capacity, reaching 437 GW by 2030, with more than 90 % of these
installations in the United States. Europe will represent the third largest region with
291 GW of installed solar PV capacity by 2030. A similar picture is expected on the 2050
horizon, with Asia continuing to dominate with nearlyhalf of the total cumulative
installed global capacity.Taking into account the existing trends in the development of
«green» energy in the world, it will be possible to expect the formation of a new structure
in the energy sector, according to experts, in the near future [20; 21]. In the American
forecast «U.S Energy Information Administration» the share of renewable energy sources
ranges from 5 % to 6,4 % in 2040. Hydrogen is also relatively convenient for long-term
storage and transportation over any distance, including using existing natural gas
infrastructure — and this opens up new opportunities for a fairly large number of regions
of the world rich in renewable energy, but remote from the centers of energy
consumptionaccumulators[17-19; 22]. For example, the Japanese program «Strategic
Roadmap for Hydrogen and Fuel Cells» was launched back in 2014, The goal of the
program is to build a «hydrogen society». The roadmap has specific key points. Thus, the
target for the volume of hydrogen use in Japan was from the current 200 tons per year to
10 million tons in 2050 (an increase of 50 thousand times!). Japan's leadership is
recognized internationally.

However, it must be emphasized that there are negative consequences of green
energy.Renewable energy production often destroys habitats and harms wildlife. Even if
there are rules against it, these areas can still cause harm to animals. Solar panels, for
example, take up a lot of space and drive animals out of their habitat. A huge number of
wind turbines will be dismantled in Europe in the near future. First generation wind
turbines are becoming obsolete and need to be replaced with more modern and efficient
ones.
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This process, called capacity renewal, has begun at varying rates.For example,
just three 50-meter blades of a low-power (by today's standards) wind turbine contain
about 20 tons of fiber-reinforced polymers (FRP). How can such a quantity of polymer
materials be reused or recycled effectively? They cannot be burned or taken to a landfill
like regular garbage. And if we don’t come up with a somewhat acceptable method of
recycling, then by 2050, 40 million tons of composites will be awaiting disposal.

This data is provided by the Re-Wind research project, which is actively engaged
in finding solutions to recycling problems. Analysis of prospects for the development of
hydrogen energy in Ukraine shows thatfrom the point of view of scientific and technical
achievements in this field, there is sufficient improvement. At all levels of industry
structuresthe research community has the opportunity to help Ukraine implement
hydrogen potential and achieve tangible results for the economy and the environment
both by 2030 and beyond.By combining scientific and industrial directions, supported
financially, it is possible to reach the world level of practical application of hydrogen
technologies in our country.

Conclusions. The energy sector is undergoing transition and significant structural
changes to ensure universal access to affordable, reliable, sustainable and modern energy
for all. The energy sector is in transition and undergoing significant structural changes to
ensure universal access to affordable, reliable, sustainable and modern energy for all. The
key is to transform energy systems by integrating diverse conventional and renewable
energy sources across a wide range of capacities. The ongoing technological changes are
accompanied by the creation of an institutional framework that defines the regulatory,
technological and economic rules for the reliable and efficient development and operation
of energy systems in the new environment....Despite the above, the discussion on
alternative energy sources, practical research and technological developments is still of
great interest worldwide, so research in this direction needs to continue.
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