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1. Introduction

The modern world faces numerous challenges related 
to the negative consequences of climate change. In recent 
decades, the level of global warming has reached critical 
indicators, which requires immediate action from the inter-
national community to reduce anthropogenic emissions of 
greenhouse gases and ensure sustainable development. The 
progress of world civilization, its particularly rapid econom-
ic development in recent decades has led to negative and 
extremely visible and tangible climatic and socio-economic 
changes, which are growing at a rapid rate.

One of the most important areas in the fight against neg-
ative climate changes and ensuring sustainable development 
is the decarbonization of the economy. The latter involves 
reducing carbon dioxide emissions by switching to renewable 
energy sources, increasing energy efficiency, and introducing 
innovative technologies. Decarbonization, as a global trend, 
requires concerted action at all levels – from national govern-
ments to the private sector and international organizations.

Achieving decarbonization goals is possible through the 
use of renewable energy sources (RESs), such as solar, wind, 
hydro, and bioenergy. In this context, the role of international 
cooperation is extremely important since many countries do 
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The most important area in the fight against 
negative climate changes and ensuring sustain-
able development is the decarbonization of the 
economy. The object of this study is the develop-
ment trends in decarbonization to enable effec-
tive innovation management processes under 
the conditions of international cooperation. 
Decarbonization involves reducing carbon diox-
ide emissions by switching to renewable ener-
gy sources, increasing energy efficiency, and 
introducing innovative technologies. As a global 
trend, it requires coordinated actions at all lev-
els – from national governments to the private 
sector and international organizations. The pos-
sibilities of ensuring decarbonization through 
the use of climate-neutral energy complexes have 
been assessed. A feature of the approach is the 
use of statistical analysis to identify trends in 
the development of decarbonization of the econ-
omy. This has made it possible to prove with a 
probability of 98.6 % that if the trends of recent 
years regarding the increase in the number of 
operating nuclear reactors prevail, by the end 
of 2030 their number in the world will reach 
489 units. The practical value of using wind 
power plants of different capacities and small 
modular reactors (SMRs) to provide electric vehi-
cles with energy has been substantiated. This is 
confirmed by calculations of the number of cars 
that can be supplied with electricity from wind 
stations of various capacities at certain values 
of the capacity factor. In contrast to convention-
al approaches, determining the areas of innova-
tive management allows the implementation of 
decarbonization processes under the conditions 
of international cooperation. The use of wind 
power plants of various capacities is of practi-
cal interest; the expediency of using small modu-
lar reactors and supplying electric vehicles with 
energy has been assessed
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not yet have sufficient technological and financial potential 
for the independent transition to “green” energy. Important 
aspects are the exchange of knowledge and experience, tech-
nological support, as well as investment in projects that will 
contribute to reducing dependence on fossil fuels.

No less important is the development of innovative man-
agement, which will ensure the effective implementation of 
new technologies and solutions under conditions of rapid 
changes. Innovative management in the process of decarbon-
ization includes project management in the field of renewable 
energy, modernization of infrastructure, introduction of new 
business models and energy generation technologies. In addi-
tion, it requires the active participation of public and private 
investors, scientific institutions, and public organizations to 
create favorable conditions for sustainable development.

Special attention should be paid to the management of the 
transport sector, which is one of the biggest sources of environ-
mental pollution. The introduction of electric cars, the develop-
ment of public transport based on renewable energy sources, 
the use of hydrogen technologies – all these measures are aimed 
at reducing CO2 emissions and improving the quality of life of 
people. Successful decarbonization of transport requires close 
cooperation between countries, as modern transport systems of-
ten transcend national boundaries and require concerted action.

Ensuring effective processes of innovation management 
under the conditions of decarbonization requires the creation 
of favorable conditions and economic incentives for the intro-
duction of innovations. Only close international cooperation 
will make it possible to achieve the goals of sustainable de-
velopment and prevent the negative consequences of climate 
change. Therefore, research on the theoretical substantiation 
of an integrated approach to improving the efficiency of inno-
vative management under the conditions of decarbonization 
of the economy and international cooperation is relevant.

2. Literature review and problem statement 

In [1], the results of analysis of modern trends, features, 
and processes of decarbonization and eco-modernization of 
energy and industry under the conditions of global climate 
change are reported. It is shown that decarbonization is a set 
of measures, methods, and technologies aimed at limiting the 
rate of global warming. There are two basic provisions:

1) restrictions on extraction and use of carbon-containing 
raw materials;

2) reduction of emissions of greenhouse gases (primarily 
CO2 and H2O vapors) into the atmosphere.

The author believes that climate mobilization of all coun-
tries is necessary, and business and the state should be allies 
in the decarbonization process. But issues related to the tran-
sition to carbon neutrality remained unresolved.

A likely option to overcome the difficulties is considered 
in work [2], in which the importance of the transition to car-
bon neutrality for reducing the impact of greenhouse gases 
on the environment is emphasized. Accelerated decarbon-
ization of national economies becomes necessary to reduce 
dependence on hydrocarbon imports and political pressure. 
The development of green energy will provide reliable and 
affordable sources of energy, contributing to sustainable eco-
nomic growth. It is shown how the USA and the EU actively 
finance green technologies to facilitate their implementation 
in other countries, but geopolitical instability slows down 
this process. However, the development of the decarboniza-

tion infrastructure and the strengthening of international 
cooperation regarding the transfer of innovations in this area 
require further justification.

However, in [3], solving the decarbonization problem is 
considered key to ensuring a climate-neutral future. All this 
gives reason to analyze the challenges and form directions for 
the decarbonization of the economy, focusing on the need to 
reduce CO2 emissions through the use of renewable energy 
sources, “green” technologies, and electric vehicles. It is this 
approach that highlighted the progress and threats faced by 
the countries of the world in the implementation of decarbon-
ization projects, programs, and strategies. It has been proven 
that the improvement of the legislative field and ensuring the 
consistency of requirements with EU legislation are key to 
the successful implementation of projects under the condi-
tions of polycrisis. Nevertheless, the issue of attracting invest-
ments and innovations on the basis of sustainability, which 
is promising for further research development and requires 
scientific justification, has been neglected.

Paper [4] proves that decarbonization is a vital solution 
to reducing global warming and presents an assessment 
of the impact of green energy on reducing greenhouse gas 
emissions and addressing climate change. By analyzing 
various renewable energy technologies such as solar, wind, 
hydro, and biomass, their advantages and disadvantages in 
combating global warming are assessed. The effectiveness 
and sustainability of green technologies in comparison with 
conventional energy sources are analyzed, and strategies for 
the spread and implementation of green energy are proposed. 
However, the directions of innovation transfer development 
in the context of decarbonization have not been substantiat-
ed, and the main participants of this process in the interna-
tional environment have not been identified.

In work [5], to overcome obstacles on the way to decar-
bonization, it is proposed to study the experience of European 
companies in implementing carbon pricing programs. This 
can assist businesses in voluntary pricing and emissions re-
ductions at the national level. The scientist analyzes tools for 
reducing climate risks that can be applied in individual coun-
tries, and also considers the advantages and limitations of 
existing emission pricing programs. A methodical approach 
to the application of the “shadow price” for the assessment 
of investments in decarbonization and practical recommen-
dations for climate risk management have been devised. The 
question of attracting investments to meet the needs of elec-
tricity consumers, in particular territorial communities and 
the development of electric mobility, remains unresolved.

Supplementing previous studies is the vision of the 
importance of the development of an innovative personnel 
management system and “green” corporate culture as a key 
direction for the effective functioning of enterprises, which 
is presented in [6]. Smartization and decarbonization require 
new approaches to corporate culture that combine elements 
of corporate, digital, and “green” culture, which will ulti-
mately accelerate the transformation of enterprises to achieve 
the goals of sustainable development and decarbonization of 
production. But the issue of using international experience in 
decarbonization and energy supply of cities and other settle-
ments with “green” energy remained unresolved.

In work [7], the results of research on the impact of de-
carbonization in the industrial domain are given and relevant 
statements are highlighted:

1) decarbonization is necessary for environmental man-
agement;
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2) environmental regulations can contribute to decarbon-
ization efforts;

3) innovations in greening processes can improve envi-
ronmental indicators;

4) decarbonization is a connecting chain between innova-
tion and the environment.

In order to prove the above statements, it is advisable 
to conduct a study of innovative management as a tool for 
strengthening efforts at decarbonization. Innovation further 
improves environmental management and environmental 
performance. This is exactly the kind of approach needed to 
create a road map for reducing the burden on the environ-
ment in the post-Covid era.

Our review of problems, trends, processes of energy 
decarbonization proves the necessity of energy transition to 
carbon neutrality in order to reduce the negative impact on 
the environment. The incompleteness of studying the pro-
cesses of decarbonization with the use of effective tools of in-
novative management under the conditions of international 
cooperation is explained by many factors. Among them are 
the multifaceted and contradictory nature of climate change 
problems in different countries, the need to implement the 
best practices of European companies in ensuring sustainable 
development, and the need to take into account the process 
of globalization, particularly in the economic domain. All 
of the above gives reason to consider the research into ways 
to improve the efficiency of innovative management taking 
into account the trends of decarbonization development in 
the context of international cooperation to be a relevant task.

3. The aim and objectives of the study

The purpose of our study is the theoretical justification of 
an integrated approach to improving the efficiency of inno-
vative management under the conditions of decarbonization 
of the economy and international cooperation in order to 
activate innovative actions to achieve the goals of sustainable 
development. This will make it possible to implement the im-
perative of decarbonization of the economy and prevent the 
catastrophic consequences of climate change.

To achieve the set goal, the following tasks were solved 
in the work:

– to determine the dynamics of renewable energy capaci-
ties and global trends in changing the capacities of generation 
facilities of various types of energy;

– to assess the possibility of ensuring decarbonization 
through the use of climate-neutral energy complexes;

– to demonstrate the practical application of wind power 
plants of various capacities and to assess the feasibility of 
using small modular reactors to provide energy to electric 
vehicles;

– to define the main participants and areas of innovative 
management under the conditions of international cooper-
ation for the implementation of decarbonization processes.

4. The study materials and methods

The object of our study is the development trends of de-
carbonization to ensure effective innovation management 
processes under the conditions of international cooperation. 
The hypothesis of the study assumes the possibility of deter-
mining the dynamics of renewable energy capacities; assess-

ment of the possibility of ensuring decarbonization through 
the use of climate-neutral energy complexes. The practical 
application of wind power plants of various capacities has 
been demonstrated to provide energy for electric vehicles. It 
has been proven that decarbonization has a leading place in 
establishing effective innovation management processes in 
the context of international cooperation.

The materials for the study were the Paris climate agree-
ment of 2015 [8] and the World Meteorological Organiza-
tion (WMO) report “State of the Global Climate 2023” [9]. 
The Paris Agreement calls on the international community 
to limit global warming to 2 °C or to limit temperature rise 
to 1.5 °C to avoid catastrophic climate change. According 
to the WMO report, 2023 was the warmest year on record, 
with global temperatures rising by 1.45 °C. Concentrations 
of greenhouse gases, as stated in [10], have reached record 
levels, which accelerates the melting of glaciers and leads to 
an increase in the level of the World Ocean. Scientists predict 
an increase in hurricanes and continued loss of glaciers, es-
pecially in the Alps and North America. The world ocean is 
also experiencing the global consequences of climate change, 
for example, a noticeable warming of the water in the Atlan-
tic Ocean, the presence of the La Niña climate phenomenon, 
and the predicted intensification of hurricanes and storms.

The international community has proposed a road map 
for overcoming global climate change [9] – the production 
and use of renewable energy, primarily wind, solar, and water 
energy, which is the most promising area in the fight against 
climate change. At the same time, the growth of renewable 
energy production was noted, which in 2023 increased by 
50 % compared to 2022.

In the process of researching the problems of energy 
development, statistical analysis methods are widely used, in 
particular, the method of dynamic series analysis (the study 
of trends based on the construction of a predictive model) and 
correlation-regression analysis. The latter, as stated in [11], is 
used to determine the dependence of electricity consumption 
on various factors: the volume of electricity production, the 
capacity of the energy system in Ukraine, the energy inten-
sity of electricity production, the cost of electricity, etc. Also, 
this method was used to build a multiple regression model, 
on the basis of which electricity consumption is forecasted 
in view of possible changes in the factors taken into account.

Various methods are used to describe the current state 
of the load on the country’s energy system, including taking 
into account energy generation by wind and solar plants ac-
cording to [12]. In particular, analysis of variance and meth-
ods of mathematical statistics are applied to assess the range 
and intensity of fluctuations in the indicators characterizing 
energy consumption. Trend analysis (based on moving aver-
age and autoregressive models) is used to identify trends in 
electricity consumption and changes in its generation, as well 
as to identify periodic fluctuations in electricity consump-
tion. Regression analysis is employed to build a model of load 
dependence on a number of factors included in it in the form 
of variables. 

In [13], statistical trend modeling and forecasting was 
used to study the dynamics of electricity production from 
renewable sources. Determining the characteristics of ener-
gy generation trends from renewable sources for Ukraine, 
EU countries, and other countries of the world became the 
basis for identifying the global trend of countries switching 
to renewable energy sources. The importance of energy 
development for the purpose of decarbonization of the econ-
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omy, reduction of CO2 emissions, and improvement of the 
Earth’s climate was noted. With regard to energy develop-
ment trends, it is stated that the promising area of further 
decarbonization is the introduction of technologies within 
the framework of “10 Breakthrough Technologies”. Accord-
ing to European programs and initiatives, those technologies 
include “hot” solar cells in the areas of their production and 
use; lithium-metal batteries, “green” hydrogen. Also, such 
areas include carbon-free natural gas as a substitute for 
natural gas, new wave nuclear energy as a replacement for 
conventional nuclear power plants, and carbon dioxide traps.

In order to evaluate the dynamics of electricity produc-
tion in Ukraine, indicators of the series of dynamics are 
used [14]. At the same time, statistical modeling of dynam-
ics (analytical alignment) is carried out to identify trends in 
the development of phenomena that change over time. It is 
based on establishing the functional dependence of the levels 
of a series of dynamics on time (building a trend model), 
identifying seasonal and random components.

5. Results of analyzing trends in the development 
of decarbonization in the context of international 

cooperation

5. 1. Dynamics of renewable energy capacities and 
renewable energy sources

Statistical data on the renewable energy of the world are 
given in [15], published by the International Agency for Re-
newable Energy Sources IRENA (International Renewable 
Energy Agency). Over the study decade (2013–2023), the 
dynamics of renewable energy capacities (Fig. 1) and the 
dynamics of the share of renewable energy in electric power 
generation (Fig. 2) demonstrate a steady upward trend with a 
high level of approximation reliability R2.

The change in global capacities of renewable energy is de-
scribed by the trend equation у=228,475.685t–458,596,200.067. 
If this trend is maintained, the capacity of renewable energy 
sources will increase to 5,209,440 MW by 2030. The share of 
renewable energy in the electric power industry, if the trend 
described by the trend у=1.5867t–3,168.0267 is maintained, 
will increase to 53 % in 2030.

Among the various sources of renewable energy, hydro-
power facilities are characterized by the largest total capacity, 
and the capacity of wind and solar energy generation facili-
ties is also high (Fig. 3). The dynamics of the capacity of var-
ious types of renewable energy facilities in the world indicate 
a significant increase in the capacity of solar and wind energy 
in the last decade.

While preserving the trends of changes in the capacities 
of solar energy and wind energy, described by the corre-
sponding trends ysolar energy=127,220.8t–256,167,537.4 and 
ywind energy=72,221.8364t–145,138,522.6, shown in Fig. 3, 
by 2030, the capacity of solar energy generation facilities 
in the world will be 290,687 MW, and the capacity of wind 
energy generation facilities will equal 1,471,805 MW.

In October 2023, the European Commission issued a 
press release [16], which identified the need to support the 
European wind energy industry. The agreed EU goal for the 
share of renewable energy in the total volume by 2030 is 45 %. 
In order to achieve it, it is necessary to significantly increase 
the installed wind capacity from 204 GW in 2022 to more 
than 500 GW in 2030. The existence of a unique set of prob-
lems was also indicated. These are insufficient and uncertain 
demand, a slow and complicated permitting procedure, lack 
of access to raw materials, high inflation and raw material 
prices, increased pressure from international competitors, 
and a lack of skilled labor.

It is known that offshore wind energy is more efficient 
because the intensity of the wind in the sea is greater, and it 

happens more often. The pow-
er factor of offshore wind tur-
bines is significantly higher. 
However, their construction is 
much more difficult and has 
higher costs. The decisive role 
of offshore wind energy deter-
mines measures for its further 
rapid growth.

As for nuclear energy gen-
eration facilities, according 
to data [17] presented by the 
International Atomic Energy 
Agency (IAEA), the num-
ber of operating reactors at 
the end of the year in the 
world decreased from 2018 
to 2021, reaching at the end of 
2021 410 units, and increased 
to 413 reactors by the end 
of 2023 (Fig. 4, a).

If the trends of 2022–2023 
prevail regarding the increase 
in the number of operating nu-
clear reactors (Fig. 4, b), it can 
be assumed with a probability 
of 98.6 % that their number in 
the world by the end of 2030 
will be 489 units.

Fig. 1. World capacities of renewable energy, MW
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The total net electric power of nuclear power generation 
facilities increased during 2014–2018 and slightly decreased 
by 2022 (Fig. 5). Further growth in 2022–2023 is associated 
with the search by global international organizations for 
means of countering the monopoly of the Russian Federation 
in the supply of oil and gas, and the use of oil and gas pipe-

lines. This involves increasing 
the use of liquefied gas and re-
suming the operation of nucle-
ar power plants. Focusing on 
the trend y=2.196t–4,060.403, 
it is possible to predict an in-
crease by 2030 in the electrical 
capacity of nuclear power gen-
eration facilities to 397 GW.

According to Eurone-
ws [18], during a meeting in 
Brussels on March 21, 2024, 
EU leaders from 11 member 
states endorsed a declaration 
of support for nuclear energy. 
It was decided to expand in-
ternational cooperation to en-
sure the timely construction 
and start-up of modern nucle-
ar reactors, including small 
modular reactors (SMRs). 
Coordination of cooperation 
in the field of nuclear fuel 
supply, equipment production 
and resource security was also 
discussed. This is necessary to 
ensure the stability of supply 
chains and the overall devel-
opment of nuclear energy. To 

that end, a declaration was adopted, 
which called on regulatory authorities 
to provide full access to information 
about the potential of nuclear energy 
and to ensure its financing, as well as 
to extend the service life of operating 
nuclear reactors. This document was 
signed by such leading countries as Bel-
gium, Bulgaria, Croatia, the Czech Re-
public, Finland, France, Hungary, Italy, 
the Netherlands, Poland, and Sweden. 
So, the declaration confirms the role of 
already existing nuclear power plants in 
providing energy needs.

According to [19], countries that are 
actively developing or planning to im-
plement nuclear technologies increas-
ingly recognize the key role of nuclear 
energy. It is it that must enable the 
reduction of greenhouse gas emissions, 
ensure energy stability and security, as 
well as the ability for long-term sustain-
able development and the transition to 
clean energy. International world or-
ganizations advocate joint support for 
nuclear energy as an important element 
of the global strategy to combat climate 
change. We emphasize the importance 
of international cooperation in the field 
of civil nuclear potential development in 

order to reduce dependence on fossil fuels. In this context, in-
ternational cooperation is a crucial factor for accelerating the 
transition to clean energy sources and introducing innova-
tions in the field of nuclear power generation. It will contrib-
ute to the implementation of safe and effective solutions to 

Fig. 3. Capacity dynamics of various types of renewable energy facilities in the world, MW
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meet the growing needs for electricity while simultaneously 
reducing the impact on the environment. At the same time, 
it is necessary to take into account the level of interaction 
between countries and the peculiarities of the realization of 
economic interests, depending on the economic and institu-
tional conditions present in them.

5. 2. Ensuring decarbonization through the use of 
climate-neutral energy complexes

A new area of decarbonization, which has recently 
received much attention, is the use of small modular reac-
tors (SMRs), which can be one of the important and promis-
ing vectors for the development of world energy. The Euro-
pean Commission [20] recognizes the potential contribution 
of small modular reactors to the achievement of the energy 
and climate goals of the EU “Green Deal”, as reflected in its 
recommendations for reducing emissions by 2040.

A feature of small modular reactors is the possibility 
of using one or more modules, which allows changing the 
power of the power plant within reasonably wide limits and 
choosing the power required for certain condi-
tions. There is no need to build a nuclear pow-
er plant with deliberately excessive capacity, 
which involves significant investments and 
is economically inefficient. If necessary, in 
the future it is possible to build an additional 
number of modules and increase the total 
power of the power plant. The construction 
of a nuclear power plant with small modular 
reactors is much cheaper than a conventional 
nuclear power plant, and its duration is sig-
nificantly shorter. The safety of small modular 
reactors is higher than the reactors currently 
in use. This is due to a number of factors, 
including their modern innovative design and 
application technology, and small size. At the 
same time, most of the conventional reactors 
were built a long time ago, and some of them 
must be decommissioned due to the exhaus-
tion of the operational resource.

Cooperation between EU countries al-
lows for the implementation of the decarbon-
ization policy by maintaining an energy balance between 
them. Small modular reactors can provide grid stability in 
a system with a higher share of renewable energy sources 
and growing demand for electricity. Small modular reactors 
are compact, their installation requires much less territory, 
which expands the geography of their placement, and much 
less water is needed for their cooling. The European Com-
mission in [20] emphasizes that such modular reactors can 

be manufactured in series, and this ensures the economic 
efficiency of their construction due to the effect of scale. 
Since the individual components of such stations can be 
assembled at the factory, they can be transported to the site 
in the form of modules or even whole units, which reduces 
installation costs. The process of replacing power plants 

that use coal and brown coal with cli-
mate-neutral power plants is becoming 
widespread in the world. This process 
is associated with the dismissal of a 
large number of highly qualified spe-
cialists. Such specialists can find their 
new workplace at stations with small 
modular reactors, which are being 
built in areas where environmentally 
harmful thermal stations used to work.

Small modular reactors can be used 
as part of so-called climate-neutral en-
ergy systems (Fig. 6) in combination, 
for example, with wind and solar power 
plants and energy storage, as well as 

hydrogen production plants. At the same time, hydrogen in 
a liquid state can be used in various ways, directly on site or 
even in geographically distant places, for example, as a fuel 
in cars, buses, trains, and airplanes.

According to the International Energy Agency (IEA) [21], 
the power of electrolysis for the special production of hy-
drogen has been increasing in the last few years. The pace 
slowed in 2022, when about 130 MW of new capacity came 
online, down 45 % from the previous year. However, the 
production capacity of electrolyzers increased by more than 
25 % compared to last year, reaching almost 11 GW per year 
in 2022. The implementation of all projects can lead to an 
installed electrolysis capacity of 170–365 GW by 2030.

SMRs make it possible to level out electricity generation 
to a large extent but to improve this process, especially in cas-
es of moderate changes in consumption, it would be advisable 
to integrate energy storage systems into the composition of 
energy systems.

The European Commission document [20] emphasizes 
that the EU supports research and development in the field 
of SMRs within the framework of the Euratom Research and 

Fig. 5. Total net electrical power of nuclear power generation facilities, GW
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Training Program (2021–2025). 
It also examines nuclear safe-
ty, security, guarantees, radia-
tion protection and radioactive 
waste management, and pays 
considerable attention to the 
development of nuclear ener-
gy. To ensure the successful 
deployment of the first SMRs 
projects by the early 2030s and 
thus take Europe’s important 
position in global competition, 
the Commission will create a 
European Industrial Alliance 
for SMRs.

5. 3. Practical applica-
tion of wind power plants 
and small modular reactors 
to provide electric vehicles 
with energy

The possibility of provid-
ing electric cars with ener-
gy, which will be produced 
with the help of wind power 
plants of various capacities, 
is considered here. Currently, 
wind turbines with a capac-
ity of 2 MW, which can be 
combined into a group, are 
quite common in the world. 
In addition, according to available information [22], instal-
lations have already been developed and manufactured, in 
particular, in China, which have a very high capacity of 
18 MW, and in Europe, research and development of wind 
installations with a capacity of 20 MW are being conducted. 
The efficiency of wind power plants depends on the inten-
sity of the wind. At the same time, for installations that are 
located in the sea (are offshore), such efficiency is usually 
higher than for those located on land since the wind force 
and its duration are greater in the sea.

The consumption of electricity per 100 km of car mileage 
largely depends on the speed of the electric vehicle: at a rel-
atively low speed, energy consumption can be significantly 
lower than the average consumption for a certain car. The 
problem is that it is difficult to ensure such a low speed due 
to high time costs. However, maintaining moderate driving 
speeds is advisable in the context of energy savings within 
the limits of a moderate consumption strategy.

To determine the possibility of providing energy for electric 
cars, the following criteria were considered: electricity genera-
tion per day, daily mileage, number of cars, electricity consump-
tion per 100 km (Table 1). The efficiency of electricity generation 
is characterized by the value of the capacity factor (Capacity 
factor) and is considered at values of 30, 40, and 50 %. Electricity 
consumption per 100 km of mileage is taken as 14, 20, 25, and 
30 kWh, which reflects the use of, firstly, relatively economical 
electric cars, secondly, electric cars with average consumption 
and, thirdly, sufficiently powerful electric cars.

The daily mileage is taken as 40, 100, and 200 km and 
reflects the different operating conditions of electric vehicles 
in the city or during country trips over moderate distances, 
which is typical for the conditions of Western Europe.

In the option of generating electricity with a 2 MW 
plant at a power factor of 30 % (Table 1), it is possible to 
generate 14,400 kWh energy, which is the minimum value 
in research according to its conditions. In this case, with 
a consumption of 14 kWh/per 100 km and a daily mileage 
of 40 km, the daily energy production of the wind turbine 
is capable of providing energy for 2,571 electric cars. In the 
case of consumption of 20 kWh/per 100 km of mileage, it is 
possible to provide 1,800 cars. Under the most unfavorable 
conditions (consumption of 30 kWh/per 100 km of mileage), 
the possibilities are reduced to 1,200 electric cars. With a 
daily mileage of 100 km and other things being equal, it is 
possible to provide energy from 1,028 to 480 electric cars. The 
least favorable conditions are observed with a daily mileage 
of 200 km: the maximum number of electric cars will be 514, 
and the minimum will be 240.

For the option of generating electricity with a 2 MW in-
stallation at a capacity factor of 40 % (Table 1), 19,200 kWh 
energy can be produced. In this case, with a consumption of 
14 kWh/per 100 km of mileage and a daily mileage of 40 km, 
the daily production of energy by the wind turbine is capable 
of providing energy for 3,428 electric cars. In the case of con-
sumption of 20 kWh/per 100 km of mileage, it is possible to 
provide 2,400 cars. In the most unfavorable case, with a con-
sumption of 30 kWh/per 100 km and a daily mileage of 200 km, 
it will be possible to provide energy for 240 electric cars.

For the option of electricity production, a 2 MW in-
stallation with a capacity factor of 50 % (Table 1) can pro-
duce 24,000 kWh energy. In this case, at a consumption of 
14 kWh/per 100 km of mileage, the energy is sufficient for 
4,285 electric vehicles with a mileage of 40 km, 1,714 electric 
vehicles with a mileage of 100 km, and 857 electric vehicles 

Table 1

Possibilities of providing energy for electric vehicles 

Power, MW 2 18 20 
Capacity factor 30 %

Production per day, kWh 14,400 kWh 129,600 kWh 144,000 kWh
Daily mileage, km 40 100 200 40 100 200 40 100 200

Number of cars

Costs,  
kWh⋅year/100 km

14 2,571 1,028 514 23,139 9,257 4,628 25,710 10,285 5,142
20 1,800 720 360 16,200 6,480 3,240 18,000 7,200 3,600
25 1,440 576 288 12,960 5,184 2,592 14,400 5,760 2,880
30 1,200 480 240 10,800 4,320 2,160 12,000 4,800 2,400

Capacity factor 40 %
Production per day, kWh 19,200 kWh 172,800 kWh 192,000 kWh

Daily mileage, km 40 100 200 40 100 200 40 100 200
Number of cars

Consumption, 
kWh/per 100 km

14 3,428 1,371 685 30,852 12,340 6,170 34,280 13,713 6,856
20 2,400 960 480 21,600 8,640 4,320 24,000 9,600 4,800
25 1,920 768 384 17,280 6,912 3,456 19,200 7,680 3,840
30 1,600 640 320 14,400 5,760 2,880 16,000 6,400 3,200

Capacity factor 50 %
Production per day, kWh 24,000 kWh 216,000 kWh 240,000 kWh

Daily mileage, km 40 100 200 40 100 200 40 100 200
Number of cars

Consumption,  
kWh/per 100 km

14 4,285 1,714 857 38,565 15,426 7,713 42,850 17,142 8,571
20 3,000 1,200 600 27,000 10,800 5,400 30,000 12,000 6,000
25 2,400 960 480 21,600 8,640 4,320 24,000 9,600 4,800
30 2,000 800 400 18,000 7,200 3,600 20,000 8,000 4,000
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with a mileage of 200 km. Under the most unfavorable con-
ditions, it is possible to provide energy for 400 electric cars.

When generating electricity with an installation with a 
capacity of 18 MW (Table 1), it is possible to produce a very 
significant amount – 129.6 thousand kWh of energy at a capac-
ity factor of 30 %, 172.8 thousand kWh of energy at a capacity 
factor of 40 %, and 216,000 kWh energy at a capacity factor 
of 50 %. In this case, for the considered range of conditions, 
there are possibilities for functioning from 38,565 (maximum 
number) to 2,160 (minimum number) cars.

Research on the possibility of providing electricity 
for electric vehicles with the help of small modular re-
actors (SMRs) needs attention. When using SMRs with 
a capacity of 80 MW with a Capacity factor of 90 %, the 
generated energy will be sufficient to drive in various cases 
from 308,520 electric vehicles under the most favorable 
conditions (energy consumption of 14 kWh/per 100 km of 
mileage and a daily mileage of 40 km) to 28,800 electric 
vehicles under the most unfavorable conditions (energy 
consumption 30 kWh/day 100 km mileage and 200 km 
daily mileage). Thus, the specified SMRs can provide for 
the use of electric vehicles on the scale of a small or even a 
medium-sized city. For a city with a large population, sev-
eral modules of SMRs can be used. Of particular interest is 
the integrated use of wind, solar power plants, and SMRs, 
which allows for a synergistic effect.

5. 4. Defining the main participants and areas of 
innovative management for the implementation of de-
carbonization processes

The rhythmic course of decarbonization processes, as em-
phasized in [23], requires effective innovative management 
under the conditions of international cooperation (Fig. 7), 
which will make it possible, in turn, to implement the strat-
egy of transition to an environmentally friendly economy.

Similar conclusions were drawn in [24], in which car-
bon emissions were investigated with the help of artificial 
intelligence with the aim of further decarbonization to 
balance profitability and compliance with environmental 
and social goals. At the same time, a special role is giv-
en to the partnership between many interested parties, 

including in the framework of international cooperation 
for the exchange of knowledge, experience, technologies, 
and financial resources to achieve the goals of sustainable 
development.

In [25], attention is focused on electrification and decar-
bonization, the use of geothermal energy, and the storage of 
thermal energy in a heat pump. A thermo-economic analy-
sis of the thermal system of buildings was carried out, the 
industrial policy of developing low-emission technologies 
and investments in mineral extraction was investigated.

In [26], it was noted that most countries of the world 
are increasing efforts to decarbonize the economy for the 
energy transition by increasing the amount of investments 
in research and development (R&D) related to energy. These 
strategic tools are aimed at decarbonizing the economies of 
partner countries.

According to [27], innovative activity is a research 
process aimed at creating and implementing innovations 
for profit at the enterprise, which leads to an increase in 
its innovative potential, ensuring financial stability and 
economic security. In addition to the development of state 
programs and innovation infrastructure, it is important 
to provide enterprises with scientific and methodological 
and advisory support, which will help correctly formulate 
the mission, goals, and stages of innovative activity for its 
successful organization. In [28], in turn, it was proved that 
the management of innovations should take into account 
the real conditions and trends of economic development, in 
particular, the peculiarities of production and its location. 
The main problem of innovative activity is insufficient 
funding. However, the appropriate level of financing of 
innovative activities can become a factor of socio-economic 
growth, both of individual enterprises and of the state as a 
whole, helping to solve various problems: social, economic, 
ecological, and technological.

The success of the world’s leading com-
panies is due to the continuous develop-
ment of the innovation management sys-
tem both within the organization and in its 
external environment. According to [29], 
they are building a management structure 
and culture, where innovative areas be-
come part of strategic plans, with an em-
phasis on the development of new products 
and the creation of new areas of activity. 
At the same time, it was noted in [30] that 
a special place is given to participation in 
international projects, the management 
of which should take into account their 
uniqueness, high risk, limited resources 
for implementation, a wide range of tasks, 
cross-cultural features, etc. Regarding the 
possibilities of Ukraine’s participation in 
international scientific and technical coop-
eration, it is recommended [31] to strength-
en the dialog with the EU for the use of 
experience and financial support for the 

development of innovative, science-intensive, and high-tech 
industries. Cooperation with the EU in the field of energy is 
aimed at the introduction of renewable energy sources, the 
development of ecological transport and safe nuclear ener-
gy, which will increase Ukraine’s energy independence and 
integrate it into the EU energy system.

Fig. 7. Main participants and areas of innovative management under 
the conditions of international cooperation for the implementation of 

decarbonization processes
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6. Discussion of results based on examining approaches 
to increasing the efficiency of innovative management

The results of our study on increasing the efficiency of 
innovative management under the conditions of decarbon-
ization of the economy and international cooperation are 
explained by a comprehensive approach to determining the 
dynamics of renewable energy capacities and global trends 
in changing the capacities of generation facilities of various 
types of energy (Fig. 1, 2). The largest total capacity among 
renewable energy sources is inherent to hydropower, wind, 
and solar generation facilities (Fig. 3). A trend towards a 
decrease in the number of operating nuclear reactors in the 
world has been revealed (Fig. 4, a). The possibility of en-
suring decarbonization through the use of climate-neutral 
energy systems was also assessed. A feature of the approach 
is the use of statistical analysis to identify trends in the de-
velopment of decarbonization of the economy. This made 
it possible to prove with a probability of 98.6 % that if the 
trends of recent years regarding the increase in the number 
of operating nuclear reactors prevail (Fig. 4, b), by the end 
of 2030 their number in the world will be 489 units. The 
total net electrical capacity of nuclear power generation fa-
cilities increased during 2014–2018 and slightly decreased 
by 2022 (Fig. 5), which was the result of efforts to reduce the 
use of oil and gas as energy sources. Small modular reac-
tors can be used as part of so-called climate-neutral energy 
systems (Fig. 6). The practical value of using wind power 
plants of various capacities and small modular reactors to 
provide electric vehicles with energy has been substantiat-
ed (Table 1). It was established that for the considered values 
of the capacity factor of wind generation installations with a 
capacity of 18 MW, it is possible to provide electricity to 2,160 
to 38,565 cars. Unlike studies [1–4], which consider exclu-
sively the transition to carbon neutrality, the proposed com-
prehensive approach emphasizes the transfer of innovations 
in the field of energy generation in the context of internation-
al cooperation. This confirms the hypothesis about the need 
to implement economic and social levers of influence on the 
decarbonization process [5, 6], which must be taken into ac-
count when planning innovative management measures. The 
use of climate-neutral energy systems, wind power plants of 
various capacities, and small modular reactors is proposed, 
which differs from the proposals in [25]. Our solutions prove 
the possibility of providing electricity for electric vehicles 
with the help of small modular reactors (SMRs). Of particu-
lar interest is the integrated use of wind, solar power plants, 
and SMRs, which allows for a synergistic effect. Effective 
innovation management in the context of decarbonization of 
the economy is possible under the condition of close interna-
tional cooperation (Fig. 7).

A limitation of our study is the consideration of only 
trends in the development of wind, solar, and nuclear energy, 
which may affect the results of innovation implementation. 
The shortcomings of the study include the insufficient justifi-
cation of the influence of external environmental factors and 
their dynamics, which may negatively affect the prospects 
of decarbonization of the economy. In the future, it would 
be appropriate to assess the influence of political, economic, 
social, technological, legal, and environmental factors. This 
can be eliminated by conducting a PESTLE analysis and 
applying the McKinsey 7S model based on the Triple Bottom 
Line (TBL). The development of the research may consist in 

the expansion of methodological principles for evaluating 
the effectiveness of innovations for the development of ener-
gy-generating enterprises in the context of decarbonization. 
This includes a detailed analysis of the practice of transfer of 
innovations under conditions of polycrisis, legal regulation 
of transfer of intellectual property rights, fundraising under 
conditions of international cooperation.

7. Conclusions  

1. Climate changes on the planet caused by human 
economic activity are becoming more and more noticeable 
and negative in their impact, which indicates the need for 
decisive actions regarding the decarbonization of the global 
economy. The world capacity of renewable energy in the last 
decade shows a tendency to increase; the dynamics of the 
capacity of various types of renewable energy facilities in 
the world indicate a significant increase in the capacity of 
solar and wind energy. A high level of total capacity of hy-
dropower facilities is observed. In 2022–2023, the prevailing 
trends were towards increasing the capacity of nuclear power 
generation facilities and increasing the number of operating 
nuclear reactors.

2. The expediency of ensuring decarbonization through 
the use of climate-neutral energy systems has been revealed. 
Notable among them are small modular reactors (SMRs), 
which can be used both separately and in combination with, 
for example, wind and solar power plants and energy storage, 
as well as hydrogen production facilities. The use of small 
modular reactors makes it possible to change the capacity 
of the power plant within sufficiently wide limits by using 
one or more modules. This ensures greater safety than con-
ventional nuclear plants, allows the implementation of the 
decarbonization policy, and makes a certain contribution to 
the achievement of energy and climate goals.

3. Small modular reactors (SMRs) could be an effective 
means of providing electricity for electric vehicles on the 
scale of a small or even medium-sized city. And their use in 
a combination with wind and solar power plants allows one 
to get a synergistic effect. Also, the use of wind power plants 
makes it possible to provide energy for a significant number 
of electric cars. We have estimated possible volumes of elec-
tricity production by wind turbines of different power at a 
certain value of the capacity factor. The number of electric 
cars that can be supplied with electricity under the conditions 
of different options for electricity consumption per 100 km of 
mileage under different variations of the mileage of an elec-
tric car has been determined.

4. In the context of the imperative of decarbonization of 
the world economy, the main participants and areas of in-
novative management under the conditions of international 
cooperation have been highlighted. Effective innovation 
management is an indispensable condition for the further 
development of electric mobility in order to replace gasoline 
and diesel cars. This involves the implementation of a set of 
technological and management solutions to solve the prob-
lem of the high cost of electric cars, increase the capacity 
of batteries, and improve charging devices in order to speed 
up the charging process. The concentration of innovation 
efforts requires the transition to hydrogen fuel for trains on 
lines where there is no electricity, the replacement of diesel 
fuel, fuel oil with hydrogen on sea and river vessels, as well 
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as the development of decarbonization infrastructure. Under 
the conditions of international cooperation, the use of scien-
tific centers, laboratories, institutions of higher education, 
the provision of the necessary personnel training, and the 
involvement of the potential of corporations and innovation 
funds will contribute to the improvement of the efficiency of 
innovation management in order to ensure global decarbon-
ization. Broad international cooperation together with the 
efforts of state institutes, universities, scientific institutions, 
corporations, mass media, public organizations, and con-
scious citizens makes it possible to realize the imperative of 
decarbonization and prevent the catastrophic consequences 
of climate change.

Conflicts of interest

The authors declare that they have no conflicts of interest 
in relation to the current study, including financial, personal, 

authorship, or any other, that could affect the study, as well 
as the results reported in this paper.

Funding

The study was conducted without financial support.

Data availability

All data are available, either in numerical or graphical 
form, in the main text of the manuscript.

Use of artificial intelligence

The authors confirm that they did not use artificial intel-
ligence technologies when creating the current work.

References 

1.	 Gura, K. Yu., Petruk, V. G. (2021). Analysis of Current Trends of Decarbonization and Ecomodernization оf Energy of Ukraine and the 
World. Visnyk of Vinnytsia Politechnical Institute, 5, 19–26. https://doi.org/10.31649/1997-9266-2021-158-5-19-26 

2.	 Tsapko-Piddubna, O. (2022). Energy transition in times of geopolitical instability. Economy and Society, 43. https://doi.org/10.32782/ 
2524-0072/2022-43-34 

3.	 Hnedina, K., Soroka, A. (2023). Decarbonization of the economy as a factor for ensuring a climate-neutral future: current challenges 
and prospects in Ukraine and in the world. Economy and Society, 54. https://doi.org/10.32782/2524-0072/2023-54-76 

4.	 Stojanović, A., Mishra, S., Donchenko, S. V., Bilash, S. M., Pronina, O. M., Koptev, M. M. et al. (2024). The role of green energy in 
minimising the effects of global warming. Bulletin of Problems Biology and Medicine, 1 (2), 13. https://doi.org/10.29254/2523-
4110-2024-2-173/addition-13-17 

5.	 Zhytkevych, O., Azarova, A., Nіkіfоrоvа, L. (2022). Analysis Voluntary Carbon Pricing Programs for their Further Adoption by 
Ukrainian Enterprises. Problems of Modern Transformations. Series: Economics and Management, 4. https://doi.org/10.54929/2786-
5738-2022-4-04-04 

6.	 Venherska, N. (2023). Green corporate culture formation of steel industry enterprises in the context of smartization and 
decarbonization of production. Economy and Society, 56. https://doi.org/10.32782/2524-0072/2023-56-102 

7.	 Zameer, H., Shahbaz, M., Kontoleon, A. (2023). From Covid-19 to conflict: Does environmental regulation and green innovation 
improve industrial sector decarbonization efforts and environmental management? Journal of Environmental Management, 345, 
118567. https://doi.org/10.1016/j.jenvman.2023.118567 

8.	 Paris Agreement. Available at: https://treaties.un.org/pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-7-d&chapter= 
27&clang=_en

9.	 Climate change indicators reached record levels in 2023: WMO. Available at: https://wmo.int/news/media-centre/climate-change-
indicators-reached-record-levels-2023-wmo

10.	 Researchers predicting well above-average 2024 Atlantic hurricane season. Available at: https://engr.source.colostate.edu/researchers-
predicting-well-above-average-2024-atlantic-hurricane-season/

11.	 Kapustyan, V., Paranich, A. (2022). Modeling of energy development in the conditions of post-war reconstruction. Economy and 
Society, 44. https://doi.org/10.32782/2524-0072/2022-44-45 

12.	 Kuznietsov, M. P. (2022). Osoblyvosti kombinovanykh enerhosystem z vidnovliuvanymy dzherelamy enerhiyi. Kyiv: IVE, 152. 
Available at: https://ela.kpi.ua/handle/123456789/53745

13.	 Voitko, S., Gaidutskiy, І., Karaieva, N. (2021). Renewable energy development dynamics at the beginning of the third decade of the 
XXI century. Efektyvna Ekonomika, 4. https://doi.org/10.32702/2307-2105-2021.4.11 

14.	 Bilotserkivskyi, O. B. (2016). Statistical analysis of electro-energy production in Ukraine. Young Scientist, 5 (32), 19–23. Available at: 
http://nbuv.gov.ua/UJRN/molv_2016_5_8

15.	 Renewable energy statistics 2024. Available at: https://www.irena.org/Publications/2024/Jul/Renewable-energy-statistics-2024
16.	 Commission sets out immediate actions to support the European wind power industry. Available at: https://ec.europa.eu/commission/

presscorner/detail/en/ip_23_5185
17.	 Nuclear Power Capacity Trend. Available at: https://pris.iaea.org/PRIS/WorldStatistics/WorldTrendNuclearPowerCapacity.aspx

https://doi.org/10.31649/1997-9266-2021-158-5-19-26
https://doi.org/10.32782/2524-0072/2022-43-34
https://doi.org/10.32782/2524-0072/2022-43-34
https://doi.org/10.32782/2524-0072/2023-54-76
https://doi.org/10.29254/2523-4110-2024-2-173/addition-13-17
https://doi.org/10.29254/2523-4110-2024-2-173/addition-13-17
https://doi.org/10.54929/2786-5738-2022-4-04-04
https://doi.org/10.54929/2786-5738-2022-4-04-04
https://doi.org/10.32782/2524-0072/2023-56-102
https://doi.org/10.1016/j.jenvman.2023.118567
https://treaties.un.org/pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-7-d&chapter=27&clang=_en
https://treaties.un.org/pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-7-d&chapter=27&clang=_en
https://wmo.int/news/media-centre/climate-change-indicators-reached-record-levels-2023-wmo
https://wmo.int/news/media-centre/climate-change-indicators-reached-record-levels-2023-wmo
https://engr.source.colostate.edu/researchers-predicting-well-above-average-2024-atlantic-hurricane-season/
https://engr.source.colostate.edu/researchers-predicting-well-above-average-2024-atlantic-hurricane-season/
https://doi.org/10.32782/2524-0072/2022-44-45
https://ela.kpi.ua/handle/123456789/53745
https://doi.org/10.32702/2307-2105-2021.4.11
http://nbuv.gov.ua/UJRN/molv_2016_5_8
https://www.irena.org/Publications/2024/Jul/Renewable-energy-statistics-2024
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_5185
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_5185
https://pris.iaea.org/PRIS/WorldStatistics/WorldTrendNuclearPowerCapacity.aspx


Eastern-European Journal of Enterprise Technologies ISSN-L 1729-3774; E-ISSN 1729-4061	 1/13 ( 133 ) 2025

16

18.	 Eleven pro-nuclear member states back declaration at landmark conference. Available at: https://www.euronews.com/
green/2024/03/21/pro-nuclear-11-member-states-back-declaration-at-landmark-conference

19.	 Smiesova, V., Pylypenko, A., Ivanova, M., Karpenko, R. (2019). Economic and Institutional Conditions for Implementation of 
Economic Interests in the Countries of the World. Montenegrin Journal of Economics, 15 (4), 75–86. https://doi.org/10.14254/ 
1800-5845/2019.15-4.6 

20.	 Small Modular Reactors explained. Available at: https://energy.ec.europa.eu/topics/nuclear-energy/small-modular-reactors/small-
modular-reactors-explained_en

21.	 Global Hydrogen Review 2023. Available at: https://iea.blob.core.windows.net/assets/ecdfc3bb-d212-4a4c-9ff7-6ce5b1e19cef/
GlobalHydrogenReview2023.pdf

22.	 Blain, L. (2023). World’s largest wind turbine is now fully operational and connected. New atlas. Available at: https://newatlas.com/
energy/worlds-largest-wind-turbine-myse-16-260

23.	 Tiutchenko, S., Ivanova, M., Smiesova, V., Tryfonova, O., Shvets, V., Dudnyk, A. (2024). Economic security and enterprise management 
in the conditions of an environmental economy as a basis for sustainable development. International Journal of Environmental 
Technology and Management, 27 (1/2), 110–128. https://doi.org/10.1504/ijetm.2024.135566 

24.	 Di Vaio, A., Zaffar, A., Chhabra, M. (2024). Intellectual capital through decarbonization for achieving Sustainable Development Goal 
8: a systematic literature review and future research directions. Journal of Intellectual Capital, 25 (7), 54–86. https://doi.org/10.1108/
jic-05-2024-0131 

25.	 Chu, W., Duić, N., Wang, Q. (2024). Recent advances in energy storage and energy saving technologies: SDEWES special issue in 2022. 
Energy Storage and Saving, 3 (1), 1–4. https://doi.org/10.1016/j.enss.2023.09.001 

26.	 Kartal, M. T., Shahbaz, M., Taşkın, D., Kılıç Depren, S., Ayhan, F. (2024). How are energy transition and energy-related R&D 
investments effective in enabling decarbonization? Evidence from Nordic Countries by novel WLMC model. Journal of Environmental 
Management, 365, 121664. https://doi.org/10.1016/j.jenvman.2024.121664 

27.	 Krylov, D. (2023). Innovative activities of the enterprise: mission, tasks and features of the organization. Problems and Prospects of 
Economics and Management, 1 (33), 7–14. https://doi.org/10.25140/2411-5215-2023-1(33)-7-14 

28.	 Blyzniuk, A., Kudriavtseva, O. (2023). Contemporary methods of innovative enterprise management. Economics of the Transport 
Complex, 41, 32. https://doi.org/10.30977/etk.2225-2304.2023.41.32 

29.	 Yaremchuk, S. S., Sukhorukova, O. A., Malyshenko, L. O. (2023). Innovative management in international business. Akademichni 
Viziyi, 16. https://doi.org/10.5281/zenodo.7670643

30.	 Shyshkovskyi, S., Abliazizov, I., Sukhovarov-Zhornovyi , Y. (2023). Features of international project management. Economy and 
Society, 56. https://doi.org/10.32782/2524-0072/2023-56-142 

31.	 Turianytsia, V. (2023). International scientific and technical cooperation with the eu in the energy sector: priorities and perspectives. 
Herald UNU. International Economic Relations And World Economy, 46. https://doi.org/10.32782/2413-9971/2023-46-15 

https://www.euronews.com/green/2024/03/21/pro-nuclear-11-member-states-back-declaration-at-landmark-conference
https://www.euronews.com/green/2024/03/21/pro-nuclear-11-member-states-back-declaration-at-landmark-conference
https://doi.org/10.14254/1800-5845/2019.15-4.6
https://doi.org/10.14254/1800-5845/2019.15-4.6
https://energy.ec.europa.eu/topics/nuclear-energy/small-modular-reactors/small-modular-reactors-explained_en
https://energy.ec.europa.eu/topics/nuclear-energy/small-modular-reactors/small-modular-reactors-explained_en
https://iea.blob.core.windows.net/assets/ecdfc3bb-d212-4a4c-9ff7-6ce5b1e19cef/GlobalHydrogenReview2023.pdf
https://iea.blob.core.windows.net/assets/ecdfc3bb-d212-4a4c-9ff7-6ce5b1e19cef/GlobalHydrogenReview2023.pdf
https://newatlas.com/energy/worlds-largest-wind-turbine-myse-16-260
https://newatlas.com/energy/worlds-largest-wind-turbine-myse-16-260
https://doi.org/10.1504/ijetm.2024.135566
https://doi.org/10.1108/jic-05-2024-0131
https://doi.org/10.1108/jic-05-2024-0131
https://doi.org/10.1016/j.enss.2023.09.001
https://doi.org/10.1016/j.jenvman.2024.121664
https://doi.org/10.25140/2411-5215-2023-1(33)-7-14
https://doi.org/10.30977/etk.2225-2304.2023.41.32
https://doi.org/10.5281/zenodo.7670643
https://doi.org/10.32782/2524-0072/2023-56-142
https://doi.org/10.32782/2413-9971/2023-46-15

