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i Abstract. The paper highlighted the relevance of the topic in the context of global challenges, including climate
change, population growth, and the need to decarbonise the economy. The purpose of this article was to substantiate
the role of renewable energy innovations, as well as the impact of modern projects, such as new generation offshore
wind turbines (Haliade-X, WindFloat Atlantic) on achieving sustainable development. Various types of data analysis
and visualisation were used in the writing of the paper. Data and information analysis methods, cross-sectional and
descriptive analysis were applied. The main focus was on innovative solutions such as perovskite solar panels, bladeless
wind turbines, hydrogen energy systems, new generation battery systems, and integrated smart grids. The authors assume
that by 2033, global investment in renewable energy sources will reach $1 trillion per year, and annual savings from lower
energy costs and energy efficiency will be up to $450 billion. For Ukraine, investments are projected to grow from $2 billion
in 2023 to $40 billion in 2033, which will contribute to energy independence and post-war infrastructure restoration.
Developing renewable energy sources will not only diversify exports but also create an environmentally friendly sector of
the economy. The article described how innovations in renewable energy sources can reduce dependence on fossil fuels,
contribute to the decarbonisation of industry, and improve energy security. The paper considered a synergistic approach
to the integration of various technologies, such as solar and wind energy, hydrogen systems, and smart grids. This allowed
optimising energy flows and reducing losses, which was important for energy systems. The work created a scientific
and practical basis for further research and development, as well as for the widespread introduction of innovations in
the field of renewable energy sources. This will ensure sustainable economic growth, economic competitiveness, and
environmental issues

i Keywords: smart grids; investment; cost; economic effect; decarbonisation; profit; economic recovery

@ Introduction

Renewable energy was the basis for the transition to sus-
tainable development, given the global need to decarbon-
ise the economy and reduce the negative impact of tradi-
tional energy sources. Innovative technologies played a key
role in improving renewable energy sources (RES) and their
integration into the energy system. The development of

renewable energy was a key factor in ensuring sustain-
able development at the global level. The world is facing
numerous challenges that necessitate the transformation
of the energy sector. First and foremost, it is global warm-
ing caused by greenhouse gas emissions, which poses a
threat not only to the environment but also to social and
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Renewable energy innovations...

economic stability. Innovations in this area allowed not
only to replace fossil fuels but also to increase the effi-
ciency of energy systems. Global population growth and
economic development are steadily increasing the demand
for new energy sources. Traditional energy sources can-
not meet this demand without significant environmental
consequences. Renewable energy sources provided a stable
energy supply thanks to the latest technologies in energy
production, storage and distribution. Geopolitical conflicts
have demonstrated the vulnerability of countries that are
dependent on fossil fuel imports. The introduction of in-
novations in RES contributed to the creation of energy-in-
dependent systems, which was especially important for
Ukraine in the context of post-war reconstruction.
Innovations in renewable energy created new oppor-
tunities for investment, technology development, and job
creation. According to the International Renewable Energy
Agency (IRENA & AfDB, 2022; IRENA, 2023), every invest-
ment in renewable energy had a multiplier effect on the
economy, creating additional employment sectors. Inno-
vative solutions, such as perovskite solar panels, hydrogen
energy systems, offshore wind farms, and artificial intel-
ligence in power grids, were changing the way the energy
sector is viewed. These and other technologies can provide
the desired flexibility and adaptability of energy networks
in the future. For Ukraine, innovations in renewable ener-
gy have a double meaning: a way to reduce dependence on
fossil fuels, while renewable energy can become a driver of
infrastructure reconstruction in the post-conflict period,
and the export of Ukrainian “green” technologies will help
strengthen the country’s international credibility. Innova-
tion is becoming a factor that not only contributes to solv-
ing environmental and energy problems, but also ensures
sustainable growth and competitiveness of the economy.
The literature analysis focused on works that explore
current trends in renewable energy development and in-
novation. They emphasised the importance of technolog-
ical progress in reducing the cost of energy, in particular
through perovskite panels and new generation batteries.
According to Ukrainian scientists L. Melnyk et al. (2019),
renewable energy sources had undeniable prerogatives.
IT was more environmentally friendly than conventional
means of energy production based on the combustion of
natural fossil fuels and had a number of undoubted quali-
ties that distinguish them from traditional energy facilities.
These scientists emphasised that renewable energy sources
were relatively stable, which allowed them to cover the sus-
tainable operation of energy systems. S. Kudrya (2020) em-
phasised that the use of environmentally friendly renewa-
ble energy sources to cover the country’s energy needs was
very valuable for Ukraine. In most civilised countries, the
use of renewable energy sources was a priority vector for
the development of the energy sector, due to the tendency
to eliminate energy instability in countries associated with
existing energy crises and reduce the number of toxic emis-
sions that occur when using conventional energy sources.

A notable aspect was the prospect of creating reserves of
natural raw materials for non-energy needs and preserving
energy resources in the future.

Based on the position of the Executive Director
of the International Energy Agency (IEA) Fatih Birol,
A. Frangoul (2022) emphasised that the energy crisis has
become a catalyst for the transition to the newest stage of
development of renewable energy sources, accompanied
by their intensive growth, driven by the desire of states to
strengthen their energy security. This study noted that ac-
cording to the International Energy Agency, by the middle
of this decade, renewable energy sources will outgrow the
use of coal and become the most powerful source of elec-
tricity in the world. The IEA report (2022a) predicted a sig-
nificant reshaping of the global energy balance amid grow-
ing global instability and geopolitical tensions. It is noted
that the first truly global energy crisis caused by the Rus-
sian Federation’s invasion of Ukraine has given an unprec-
edented impetus to the development of renewable energy.

D. Orlova & D. Sydoro (2021) pointed out that there
has been a steady increase due to the transition of the
modern economy to green energy. Offshore wind energy
was being deployed in Europe due to large partial capaci-
ties. In Ukraine, the situation was still different — the coun-
try needs to consume resources for onshore wind farms.
The focus was on adapting innovations to national condi-
tions, overcoming regulatory barriers and developing the
necessary infrastructure. Scientists have focused on the
economic effects of innovations, exploring the synergis-
tic approach to the integration of different technologies,
which reduces energy losses and increases the stability of
the power system. The purpose of the article was to analyse
the role of innovation in the development of renewable en-
ergy, identify key technological breakthroughs and outline
their impact on sustainable development.

W Materials and Methods

The research was based on reliable analytical sources, sta-
tistical reports of international and national organisations,
as well as scientific papers covering current technological
trends in the field of renewable energy. The basis of the
source base was formed by IRENA’s annual reports (IRE-
NA, 2023; IRENA & AfDB, 2022), and IEA analytical reviews
(IEA, 2022a; IEA, 2022b; IEA, 2024). A separate group in-
cluded reviews and forecasts of investment flows in the
RES sector, presented in the reports Bloomberg New En-
ergy Finance (2023) and Global clean energy investment
jumps 17%, hits $1.8 trillion in 2023, according to Bloomb-
ergNEF report (2024), which assess the dynamics of cap-
ital attraction in green technologies. This data was used
both to describe global trends and to forecast investment
activity in Ukraine. The national context of the study was
covered on the basis of official publications by National
Power Company Ukrenergo (n.d.), State Agency on Energy
Efficiency and Energy Saving of Ukraine (n.d.), and Energy
strategy (2022).
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The study was based on a combination of quantitative
and qualitative methods of analysis. Factor analysis was
used to identify the key determinants of innovative devel-
opment of renewable energy sources. Correlation analysis
was used to establish the relationship between the level of
innovation, energy cost and investment volume. Regres-
sion modelling allowed for a quantitative assessment of
the impact of innovation on the economic performance of
energy systems. The long-term effects of technology adop-
tion in the period up to 2033 were modelled using scenario
analysis. To empirically test the formulated hypotheses, the
cases of the Hybrit (Sweden) and Hornsea One (Denmark)
projects were analysed. Statistical data were processed us-
ing descriptive analysis and further visualisation of data in
the form of graphs and tables. Life Cycle Analysis (LCA) was
applied to assess the environmental impacts.

The reliability of statistical data was ensured by
cross-checking information from several independent
sources. The combination of these methods made it pos-
sible to achieve high analytical accuracy and comprehen-
siveness of the results obtained, which were presented in
detail in the following sections of the study. In writing the
paper, a method of verifying information such as assessing
the credibility of the source was used. If the work referred
to another source, the reliability of the information pro-
vided was checked, in particular, the reliability of quoting
the source. Cross-checking was used: comparing informa-
tion from several sources. This method was used if it was
difficult to find the original source or if the information
was quoted. The use of cross-checking made it possible to
reduce the likelihood of using questionable information,
which allowed for greater accuracy in obtaining results.

In preparing the article, the following methods of
information analysis were used: factor analysis (which
identified the primary factors that determine the role of
innovation in the development of renewable energy) and
descriptive analysis of indicators (which presented infor-
mation in the form of visualisation in graphs and tables,
which in turn is aimed at deepening the perception of the
study, and also allows for a more comprehensive disclosure
of trends and illustration of their dynamics), for example,
sorting, filtering and visualisation were used. Regression
analysis of indicators (to determine the correlation of the
impact on renewable energy cost reduction), correlation
analysis (to formulate the relationship between different
aspects of renewable energy development and innovation),
as well as data decomposition and hypothesis analysis were
used in writing the paper. Among other things, trend anal-
ysis was used to understand and predict various trends and
developments in the development of renewable energy,
which is a key factor in ensuring sustainable development
at the global level.

W Results and Discussion
The article described in detail the main approaches to
the analysis of the systems approach, which will allow to

consider RES innovations as an integral part of the energy,
environmental and economic systems, studied the role of
innovations in the creation of smart grids and integration
of RES into traditional energy systems, assess the impact
of energy storage technologies and decentralised energy
systems, analysed the economic effects of large-scale im-
plementation of RES innovations, in particular the impact
on the cost of electricity (Jacobson & Delucchi, 2011). The
use of SWOT and PESTEL analysed is also an effective tool
for the introduction of RES (IRENA & AfDB, 2022). At the
same time, empirical analysis cannot be ignored, and most
importantly, quantitative analysis (analysis of the dynam-
ics of investment in RES, changes in energy costs, and the
level of innovation) and case studies (research on success-
ful projects such as Hybrit in Sweden (hydrogen energy) or
offshore wind projects in Denmark), as the use of real sta-
tistical data allowed assessing the impact of innovations on
the energy system (Bloomberg New Energy Finance, 2023).

One of the key technological breakthroughs was made
by perovskite solar panels, which significantly changed the
economics of solar generation. The high efficiency (25-
30% on average) and significantly lower production costs
compared to traditional silicon analogues made this tech-
nology promising for mass adoption by small and medi-
um-sized businesses and the private sector. An example of
commercial implementation is the development of Oxford
PV (UK), where the innovative composition of the material
helped to reduce the cost of electricity by more than 30%.
Hydrogen power systems were equally important, as they
allow the accumulation of excess energy from renewable
sources and its use in industry or transport. The Hybrit
project in Sweden was an example of the effective use of
hydrogen for decarbonising steel production, with a 90%
reduction in CO, emissions. The implementation of such
systems allowed energy-intensive enterprises to reduce
their dependence on fossil fuels while reducing the cost of
utilising excess energy.

Offshore wind farms also had significant potential,
as they demonstrate a significant increase in electricity
production due to better wind conditions offshore. One
of the largest completed projects is Hornsea One (Den-
mark), which has increased energy production by almost
50% compared to onshore wind farms. For countries with
access to the sea coast, the implementation of such pro-
jects meant the possibility of strengthening energy inde-
pendence without putting a significant burden on land
infrastructure. All of these examples demonstrate that re-
newable energy innovations not only had a technical ad-
vantage, but also created economically viable incentives
for commercial implementation, including at the level of
enterprises of various industries. It was also important to
note that the decline in the cost of renewable energy in
2010-2023 had a positive trend (Fig. 1)

According to IRENA & AfDB (2022), Bloomberg New
Energy Finance (2023), IEA (2022b), the share of innova-
tions in RES by technology in 2023 was as follows (Fig. 2).
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Figure 1. Dynamics of renewable energy cost reduction (2010-2023)
Source: created by the authors based on IRENA & AfDB (2022), IEA (2022a), Bloomberg New Energy Finance (2023)
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Figure 2. Share of innovations
in RES by technology (2023)
Source: Systematised based on analytical materials of IRENA
(2023), Bloomberg New Energy Finance (2023), L. Mykhailova, &
0. Dumansky (2024)

Modern offshore wind turbines were primarily char-
acterised by innovative designs with increased capacity
and efficiency. Thus, it was worth considering a synergistic
approach to the introduction of renewable energy. Such a
scheme should demonstrate the interconnection between
solar energy (solar panels), wind energy (turbines), hydro-
gen energy (electrolysis plants) and energy storage systems
(batteries, grid integration). The central hub was represent-
ed as a smart grid that coordinates all the components. The
connections between the elements illustrated energy flows
and optimisation through monitoring and feedback. Thus,
it was a combination of four elements: production (solar
and wind farms), storage (batteries, hydrogen), distribution
(smart grids) and consumption (smart homes, transport).
To compare the key RES technologies, Table 1 showed the
rationale for this approach.

Table 1. Comparison of key RES technologies

Technology Efficiency (%) | Cost (3/MWh) | Environmental impact (low/medium/high) | Potential for use
Solar panels (perovskite) 25-30 40-60 Low High
Wind turbines (offshore) 35-50 50-70 Medium High
Hydrogen energy 45-55 60-100 Low Medium
Hydropower 80-90 30-50 High Limited

Source: compiled from IRENA & AfDB (2022), IEA (2022a), Bloomberg New Energy Finance (2023), G. Squadrito et al. (2023),

0. Fedorenko (2024)

The comparative analysis of key renewable energy in-
novations allowed to form a holistic view of the potential
of each technology in the context of its practical imple-
mentation in the economy. The data showed a significant
difference between technologies not only in terms of effi-
ciency and cost, but also in terms of environmental impact
and the extent of adaptation to market conditions. For ex-
ample, the high efficiency of hydropower was combined
with limited potential for expansion due to environmen-
tal constraints and geographical specificity. In contrast,
hydrogen power and new generation battery systems had
an average power level, but offer high flexibility in use and
scalability. Perovskite panels strike a balance between low
cost and high application potential, making them strate-
gically attractive for energy-active businesses. Offshore
wind power, despite its complexity, demonstrated the

highest generation stability and long-term economic re-
turns. It was the integration of these technologies at the
level of enterprises and territorial communities that was
the best way to achieve economic efficiency, decarbonise
production and reduce the energy dependence of nation-
al economies. This approach met the current challenges
of sustainable development and forms the basis for new
business models in the green economy. The growth rate
of installed RES capacities from 2010 to 2023 was shown
in Figure 3. Table 2 provided a comprehensive overview
of the key renewable energy innovations, including their
advantages, disadvantages, implementation opportuni-
ties and estimated timeframes. These technologies were
important for achieving energy independence, decarbon-
ising the economy and integrating Ukraine into the global
energy market.
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Figure 3. Growth rates of installed RES capacities (2010-2023)
Source: built by the author based on the analysis of IRENA & AfDB (2022), Bloomberg New Energy Finance (2023), O. Fedorenko (2024)

Table 2. Modern innovations in the field of renewable energy

. . Opportunities for Estimated year of
Innovation Advantages Disadvantages implementation implementation
. Higher efficiency and Lo Widespread use
Perov;l;:teifssolar cheaper production fi};?;:ez_ssecr:llge ilcfz’uréfieoi in residential 2025-2030
p compared to standard panels § p and industrial buildings
Bladeless wind Less noise, less impact on Requlrg new structures and Suitable for remote regions
. 11 . . infrastructure - 2028-2035
turbines wildlife, easier maintenance . . and offshore wind farms
for installation
Possibility of energy storage . . Ensuring the
Hydrogen fuel cells and transportation, . High prodgctlon costs, decarbonisation of heavy 2025-2040
L. insufficient infrastructure )
low emissions industry and transport
g:::e%sr;zrsiggg Higher energy density, faster | High cost, need to improve | Use in electric vehicles and 2025-2030
. . i ice li hnol i
(solid-state batteries) charging, longer service life technology stationary energy storage
. Optimisation of energy flows, Requires significant Integrating renewables _
Smart grids reduction of grid losses investment in digitalisation into the national grid 2025-2035

Source: compiled based on IEA (2022b), IRENA (2023), G. Squadrito et al. (2023), L. Mykhailova et al. (2023), Global clean energy
investment jumped 17% to $1.8 trillion in 2023, according to BloombergNEF (2024)

Perovskite solar panels offered higher efficiency in en-
ergy production and had lower manufacturing costs than
standard silicon panels, which was important for Ukraine.
The main problem was the shorter lifespan and the need
for large-scale production, which was not yet established
in Ukraine. The next innovation, bladeless wind turbines,
were more environmentally friendly (less impact on wild-
life) and easier to maintain than traditional turbines. It
also reduced noise, making it more acceptable to the pub-
lic, and was suitable for use in remote regions of Ukraine
and in the Black Sea, where offshore turbines can operate
efficiently. However, its implementation required an instal-
lation infrastructure that was not yet available in Ukraine.
The scientific community was actively considering the pos-
sibilities of hydrogen energy, which allowed storing excess
energy from renewable sources, which in turn was impor-
tant for the stability of the power system.

Hydrogen can be used in industry and transport, and
for Ukraine, this was a real chance to decarbonise heavy
industry (e.g., metallurgy) and develop green hydrogen ex-
ports to the EU. The biggest obstacle to the introduction
of hydrogen energy was the high cost of hydrogen produc-
tion and insufficient infrastructure for its transportation
and storage. New generation battery systems (solid-state
batteries) were increasingly being used in transport,

providing a longer service life, higher energy capacity and
faster charging, which was critical for the development of
the electric vehicle sector and energy storage in Ukraine.
This technology was relatively expensive and required
large-scale production, but its potential for use in trans-
port and for stabilising the power system, especially during
peak loads, cannot be overestimated. It was worth empha-
sising the importance of building a smart grid, a system
that allowed for the integration of different energy sources
into a single network, optimising its operation and reduc-
ing losses, and can reduce dependence on fossil fuels. De-
spite the high level of digitalisation, such a system required
significant investments in further digitalisation and infra-
structure modernisation. For Ukraine, the introduction of
these technologies was strategically important. The de-
velopment of RES will contribute to energy independence,
economic growth and environmental sustainability. At-
tracting investment, adopting advanced technologies and
integrating into European energy markets will make these
innovations a reality in the coming decades.

Azerbaijan was a striking example of a successful tran-
sition to alternative energy sources with huge renewable
energy potential. Despite the fact that the formation of
modern Azerbaijan was inextricably linked to oil produc-
tion, it was a leader in the region in applying innovative
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approaches aimed at the transition to green energy and
makes a significant contribution to combating the effects
of climate change. It was worth noting that the 29th ses-
sion of the Conference of the Parties to the United Nations
Framework Convention on Climate Change (COP29) was
held under the Azerbaijani presidency on 11-22 Novem-
ber 2024. By order of the President of Azerbaijan, 2024 has
been declared the “Year of Solidarity for a Greener World’,
and the country intends to reduce greenhouse gas emis-
sions by 35% by 2030 and 40% by 2050 compared to 1990.
In terms of Azerbaijan’s potential, important memoranda
of understanding and agreements have been signed be-
tween Azerbaijan and international energy companies that
will allow for the production of up to 22 GW of wind and
solar energy onshore, 10 GW of wind and solar energy in
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the territories liberated during the 2020 war, and 157 GW
of wind energy in the Azerbaijani sector of the Caspian Sea.
In total, this potential is almost 200 GW. While Azerbaijan
has previously accumulated a large amount of investment
in the oil and gas sector, in 2024, the country’s main goal is
to develop renewable energy sources and maintain leader-
ship in the region.

As for the economic effect of the introduction of re-
newable energy, global investment in renewable energy is
expected to grow from $200 billion to $1 trillion per year by
2033.Thisis due to the large-scale introduction of new tech-
nologies such as perovskite panels, hydrogen systems and
smart grids. Thanks to lower energy costs, reduced expendi-
tures on fossil fuels and improved energy efficiency, annual
savings of up to $450 billion are expected by 2033 (Fig. 4).

—e—Investments in renewable energy
(billion $/year)
—e— Savings from RES (billion $/year)

2034

Figure 4. Economic impact of RES innovations in the world (forecast 2023-2033)

Source: IRENA & AfDB (2022), G. Squadrito et al. (2023), IEA (2024)

The economic effect of innovations in Ukraine (2023-
2033) was projected to be achieved through an increase
in investment in the Ukrainian renewable energy sector
from $2 billion in 2023 to $40 billion in 2033. This was
due to the post-war rebuilding of infrastructure, attracting
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international assistance and developing export potential.
The introduction of new technologies will allow Ukraine to
save up to $12 billion annually by reducing energy import
costs, decarbonising the industry, and improving energy
security (Fig. 5).

—e— [nvestments in renewable energy
sources (Ukraine, billion $/year)

—e— Savings from renewable energy
sources (Ukraine, billion $/year)

2034

Figure 5. Economic impact of RES innovations in Ukraine (forecast 2023-2033)
Source: IRENA & AfDB (2022), Energy strategy (2022), G. Squadrito et al. (2023), IEA (2024)

Thus, intensifying innovative development in the re-
newable energy sector was a key task for countries seeking
to achieve energy independence and to reduce their car-
bon footprint and ensure economic sustainability. In this
context, it was necessary to focus on several strategic ar-
eas. Governments and the private sector should invest in
research aimed at reducing the cost of technologies and
increasing their efficiency. The development of perovskite
solar panels, which were more cost-effective than silicon,

but required large-scale testing. Another important role
was to stimulate research in higher education institutions
and cooperation with industrial partners that will promote
innovation, as well as support for research and develop-
ment, since the development of innovations in renewable
energy depended on the creation of new materials, technol-
ogies and solutions. In addition, favourable conditions for
investors will also contribute to the development of inno-
vations, as investment is the main driver of innovation, and
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therefore the introduction of tax breaks, grants and subsi-
dies for companies investing in RES will help accelerate their
development. Infrastructure development has also been an
important focus of this development vector, as high-tech
infrastructure is the basis for integrating renewable energy
sources into national energy systems. The integration of
smart grids will enable more efficient management of pow-
er flows, reduce losses and stabilise the power system. In-
vestments in new generation battery systems will help solve
the problem of uneven power generation. The development
of the regulatory framework should also be taken into ac-
count, as modern legislation should stimulate the develop-
ment of RES and ensure a level playing field for market par-
ticipants, which in turn will help make investments in RES
more attractive for businesses. International cooperation,
exchange of experience and technologies with developed
countries will help accelerate innovation development. Ed-
ucation and training of personnel are also important for
the successful development of renewable energy, which
may include the introduction of specialised courses on
renewable energy in higher education institutions, organ-
isation of training for energy sector employees on how to
work with new technologies, etc. Raising public awareness
by disseminating information about the benefits of RES
through the media and educational programmes, as public
support is an important factor for innovation, and creat-
ing local RES projects with the involvement of the public,
which will help to increase confidence in the technologies.

Ya. Kotyk (2024) focused on the implementation of the
mechanism of guarantees of electricity origin as a tool to
stimulate the development of renewable energy in Ukraine,
comparing the EU experience. The authors agreed with
these findings, as such mechanisms do promote invest-
ment and transparency in energy markets. This was con-
sistent with this research on renewable energy innovation
as a driver of energy security and sustainable development.
The authors G. Squadrito et al. (2023) investigated the ad-
vantages and disadvantages of different green hydrogen
production technologies, including biomass pyrolysis and
water electrolysis, favouring the latter as the most prom-
ising for large-scale implementation. The authors also an-
alysed geopolitical and economic challenges, in particular
the threat of an aggravation of the water crisis. This posi-
tion should be agreed with, since the integration of green
hydrogen really requires a comprehensive approach that
takes into account not only technological but also so-
cio-economic aspects.

Population growth and the development of national
economies were leading to an increase in demand for en-
ergy resources. Traditional energy sources were unable to
meet this growth without significant negative impact on
the environment. In this context, renewable energy sources
(RES) were a tool for ensuring stable energy supply through
the introduction of modern technologies in the field of en-
ergy production, storage and distribution. Geopolitical in-
stability, in particular the dependence of some countries
on fossil fuel imports, has highlighted the need to move to

energy self-sufficient systems. For Ukraine, this approach
was of particular importance in the context of post-war re-
construction. As noted by S. Kudrya (2020), the use of en-
vironmentally friendly RES contributed to the energy se-
curity of Ukraine, which was characterised by a shortage of
its own energy resources. The introduction of RES has been
identified as a priority area of energy development in most
developed countries. This was driven by the need to elim-
inate energy instability and reduce emissions of harmful
substances typical of traditional energy sources.

An additional advantage was the preservation of nat-
ural raw materials for non-energy needs and the formation
of strategic reserves. According to the position of IEA Exec-
utive Director Fatih Birol, quoted in A. Frangoul (2022), and
which the authors of the study consider to be correct, the
energy crisis has intensified the transition to a new stage
of RES development, accompanied by their rapid growth,
driven by the desire of states to strengthen energy auton-
omy. The IEA report (2022b) predicted a significant change
in the structure of the global energy balance in the face of
geopolitical tensions. The document stated that the first
global energy crisis caused by the Russian Federation’s
armed aggression against Ukraine has strengthened the
momentum of renewable energy development.

L. Mykhailova & O. Dumanskyi (2024) analysed the
introduction of innovative technologies in Ukraine’s
green energy sector in the context of European integra-
tion and sustainable development, in particular artificial
intelligence, smart grids and green auctions. The authors
pointed out the prospects of solar energy and the role of
IT solutions in restoring the energy system. This approach
seemed appropriate as it combined technological modern-
isation with the environmental and economic strategy of
post-war transformation. The study by the State Agency on
Energy Efficiency and Energy Saving of Ukraine (n.d.) and
the BloombergNEF analytical report (2024) highlighted the
growth of global investment in the RES sector, as well as
the expansion of smart grids. It was noted that clean en-
ergy sources, green technologies, hydrogen, electric trans-
port, and carbon reduction initiatives have become key
determinants of investment growth. In 2023, total invest-
ment in low-carbon projects reached USD 1.77 trillion, a
record high. This data demonstrated the sustainability of
the global energy transition.

The reports, in particular, by National Power Company
Ukrenergo (n.d.) and the European Bank for Reconstruc-
tion and Development (n.d.), focused on the specifics of
RES development in Ukraine. The analysis of innovations
in this area required an interdisciplinary approach, tak-
ing into account economic, technological, environmental
and social factors. According to the recommendations of
the IEA (2022a; 2022b), methods of analysing innovation
development should include economic modelling, which
involves forecasting the structure of the energy market,
costs and revenues, as well as scenario analysis to deter-
mine the long-term consequences of the introduction of
new technologies, including the transition to hydrogen
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energy. Authors E.G. Hertwich & R. Wood (2018) considered
that environmental assessment should be carried out using
LCA (Life Cycle Assessment) methodology, which includes
determining carbon footprint, biodiversity and water re-
source impacts. Enhancing the innovative development of
renewable energy required a comprehensive approach that
includes support for research, favourable conditions for in-
vestment, infrastructure development and training of qual-
ified personnel. In the context of Ukraine, these measures
should be seen as the basis for energy independence and
sustainable economic growth.

W Conclusions

Innovations in renewable energy were key to transforming
modern energy systems. Technologies such as perovskite
solar panels, bladeless wind turbines, hydrogen systems
and smart grids not only contributed to decarbonisation,
but also created significant economic benefits by reduc-
ing energy costs. Innovations helped to reduce the cost
of energy production and increase its availability. Global
investment in renewable energy is expected to reach $1
trillion annually by 2033, with savings of $450 billion,
which will help develop renewable energy innovations,
energy independence, attract international investment
and restore infrastructure. The development of renewable
energy was not only a challenge but also a chance to be-
come a leader, and Azerbaijan was a vivid example of such
development for Ukraine.
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i AHoTauis. Y po60Ti BUCBIT/IIEHO aKTyalbHiCTh TEMY B KOHTEKCTI [MI06aTbHMUX BUK/IMUKIB, 30KpeMa KIiMaTUIHNX 3MiH,
3POCTaHHSI HACeJIeHHS], Ta HeoOXimHOCTi mekapboHisallii ekoHOMiky. MeTa JaHOi CTaTTi — O6IPYHTYBaHHSI POJIi iHHOBAILLii
I1S1 BiTHOB/IIOBAHOI €HePTeTUKM,  TAKOK BILIMB CyYaCHUX MPOEKTiB, TAKMX SIK 0PIIOpHi BITPOBI TYp6iHM HOBOT'O TIOKOJTiHHSI
(Haliade-X, WindFloat Atlantic) Ha JocsSiTHeHHSI cTaoro po3BUTKY. I1if yac HamMCcaHHs PO6OTY BUKOPUCTOBYBAINCH Pi3Hi
BMUIM aHaJIi3y Ta Bisyasisalii jaHux. Byso 3acTocoBaHO MeTOAM aHaMi3y faHuX Ta iHdbopmallii, mepexpecHmii Ta OIIMCOBMIA
aHasti3. OCHOBHMII aKIIEHT 3p06JIEHO HA TaKMX iHHOBAIiiHUX PillIeHHSX, SIK TIEPOBCHKITHI COHSYHI MaHei, 6e3monareBi
BiTpOBi TypOiHM, BOLHEBI cuCTeMU eHeprosabesreyeHHs, aKyMY/ISITOPHI CUCTeMM HOBOTO IOKOJIIHHS Ta iHTerpoBaHi
cMapT-mMepeski. ABTopamu IepenbadaeTbes, mo n0 2033 poKy CBiTOBi iHBecTHMIii y BiZHOBIIOBaHI Akepena eHeprii
csirHyTh $1 TpiTH Ha piK, a [mopiuHa eKOHOMIS Bif, 3HMsKeHHST co6iBapTOCTi eHeprii Ta eHeproedeKTUBHOCTI CTAHOBUTHME
1o $450 mupn. st VRkpainu MpOrHO3YEThCS 3pocTaHHs iHBectmuiii 3 $2 mupn y 2023 poui mo $40 muipn y 2033 potii, 1o
CIIPUSITHMeE eHepreTUUHil He3aJIeXKHOCTi Ta MiCsIBOEHHOMY BiHOBIEHHIO iHGpacTpyKTypu. 3a3HaU€eHO, 1110, PO3BUBAIOUM
cdepy BiTHOBIIOBAHMX JiskKepesl eHeprii BAACcThCs He uile auBepcrdikyBaTu eKCIopT, a i CTBOPUTU €KOIOTiYHO UMCTHUIA
CceKkTop ekoHOMiku. OmucaHo, SIK iHHOBAIlil Y BiJHOBIIOBAaHUX IyKepesl eHeprii J03BOJSIOTh 3MEHIINUTY 3aJeXKHICTh Bifl
BUKOITHOTO IMa/INBa, CIPUSIIOTh JeKapOoHi3allii MpoMMUCIOBOCTI, @ TAKOX IMOKPAILIYIOTh eHepreTuuHy Oesmneky. Po6ora
pO3IIia€ CMHEPTeTUUHMI MigXi[ A0 iHTerpalii pi3HMX TeXHOJIOriH, TakMX SK COHSTYHA Ta BiTpOBA eHepreTuka, BOOHEBi
CUCTEMM Ta cMapT-Mepexi. lle 103BosIsi€ ONTUMI3yBaTU eHepreTUUHi TOTOKM Ta 3MEHIINTYU BTPATH, 1110 aKTyaabHO AJIT
€HepreTUYHMUX cucTeM. Po60Ta CTBOPIOE HAYKOBO-TIPAKTUUHY 6a3y IJI1 MOJAIbIIMX JOCTiIKEeHb i pO3pO6OK, a TaKOXK
IJ1S1 IIMPOKOTO BIPOBA/KEHHS iHHOBalIii1 y cdepi BifHOBIIOBAHUX Jkepes eHeprii, 1[0 3a6e3MeunThb cTajie eKOHOMIUHe
3POCTaHHSI, KOHKYPEHTOCIIPOMOSKHICTbh €KOHOMIKY Ta BUPillIEHHS €KOIOTTUHMX MTPo6ieM

i Knwou4oBi cnoBa: cMmapT-mMepeski; iHBecTyBaHHsI; co6iBapTicTh; eKOHOMIUHMIT edekT; mekap6OHisallis; Mpu6YTOK;
€KOHOMiuHe BiTHOBJI€HHSI
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