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Amid increasing climate risks, growing geo-energy instability, and the urgent need for effective national
strategies, the development of alternative renewable energy technologies is crucial for ensuring energy security
at global, regional, and national levels. This study examines the role of the green economy and renewable energy
as key drivers of sustainable development and energy stability in the context of global economic transformation.
Using benchmarking, statistical and correlation analyses, and graphical visualization, the research highlights the
strategic importance of renewable energy in achieving climate neutrality, sustainable development, and energy
security. Benchmarking results indicate that successful energy transitions are strongly linked to institutional
capacity, innovation environment, and investment, with a robust correlation between financing and production
growth (R = 0.99). The study also identifies a shift from hydropower to solar and wind energy, reflecting
technological breakthroughs and high adaptability. Integrating circular economy principles, digital technologies,
and social inclusion, this synergy establishes a new energy paradigm—sustainable, flexible, and focused on

human and ecosystem security.
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INTRODUCTION

In the twenty-first century, globalization has become a
determining factor in the transformation of the world
economic, technological and energy order. Modern global
transformations are accompanied by growing interdependence
between states, which contributes to the acceleration of the
exchange of innovations and at the same time exacerbates
environmental problems that have long gone beyond national
borders (Gavkalova et al., 2024; Orujov, 2025). Climate change
is a particular threat, which actualizes the search for new
development models that can combine environmental
sustainability, economic efficiency and social justice.

In this context, the transition to a green economy is seen
as a global paradigm that integrates economic growth with
environmental responsibility. Renewable energy is a key
element of this transformation, as it contributes to reducing
dependence on fossil fuels, reducing greenhouse gas
emissions, increasing energy sustainability and creating new
market opportunities. According to the International
Renewable Energy Agency (IRENA), the energy transition has

the potential to create millions of new jobs and ensure
dynamic infrastructure renewal in all regions of the world
(IRENA & ILO, 2024).

Globalization processes are shaping a new architecture of
energy security, in which traditional geo-economic models are
gradually losing relevance, giving way to decentralized and
innovation-oriented resource management systems (Dunchev,
2025; Ryzhakova et al., 2023). This is of particular importance
for countries that are in the post-conflict recovery stage or
have limited access to traditional energy sources. In such a
situation, the development of renewable energy and the
implementation of green economy principles become not only
a matter of time, but also an effective tool for strengthening
national resilience to external — both economic and security —
challenges (Gielen et al., 2019). For Ukraine, these issues are
of particular relevance. In the post-war period, against the
backdrop of large-scale destruction of energy infrastructure,
growing challenges of climate adaptation and active European
integration, the formation of a new energy paradigm has
acquired strategic importance (Zavidna et al., 2025; Zvarych &
Masna, 2023). At the same time, integration into a single
European green space requires policy harmonization,
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modernization of the energy sector, increased investment in
“green” projects, and the creation of an effective mechanism
for managing transformation processes (Mitryasova, 2025).

In view of the above, the study of the relationship between
the development of the green economy, the increased use of
renewable energy, and the improvement of energy security in
the context of globalization is not only relevant but also
extremely necessary. It allows to formulate sound
recommendations for public policy, identify barriers and
drivers of sustainable development, and help strengthen the
adaptive capacity of national economies to global changes.

LITERATURE REVIEW

Over the past twenty years, the concept of a green economy
has gained global recognition in response to the current
challenges of climate change, resource depletion and energy
instability. According to the definition of the United Nations
Environment Programmer (UNEP), a “green economy” is a
type of economy that contributes to improving human well-
being and ensuring social justice, while significantly reducing
environmental risks and the scarcity of natural resources (GCF,
2015). Within the framework of this approach, special
importance is attached to the development of renewable
energy as a key factor in the ecological transformation of
national economic systems. In recent years, scientific
discourse has increasingly paid attention to the relationship
between the transition to a green economy, structural
modernization of the energy sector, and ensuring long-term
energy security (Pokhodenko, 2023; Shi & Zhao, 2023; Zeng et
al., 2024).

Among the current publications exploring this link, it is
worth noting analytical reviews that show a positive
correlation between the expansion of the share of renewables
in the energy balance of countries and strengthening energy
security, in particular by reducing dependence on imported
energy and increasing resilience to external shocks (Filho et
al., 2022). Particular attention is paid to the role of
decentralized energy, green investments, and technological
innovations in ensuring sustainable development (Agbakwuru
et al., 2024; Ferris, 2025; Mavlutova et al., 2025). According to
the IEA and IRENA, in 2023, global investment in renewable
energy exceeded USD 500 billion for the first time, indicating
a strengthening of the global decarbonization trend (IEA,
2024b).

A significant contribution was made to the development of
the theoretical and methodological framework for the
development of the green economy. The analysis of the
relationships between key concepts in the field of “green”
transformation has allowed us to identify seven main scientific
areas of research, including: sustainable development,
financial constraints, “green” bonds, “green” credit policies,
growth and recovery of the “green” economy (Krause et al.,
2024). Within the framework of this research, integrated
models were proposed that describe the relationship between
“green” infrastructure, financial instruments and energy
transition policies (Desyatnyuk et al., 2025; Mikropoulos et al.,
2025). Scientists emphasize the need for an interdisciplinary
approach to assessing the effectiveness of the “green”

economy, taking into account environmental, energy, social
and economic factors (Del Duca et al., 2024). In particular, the
application of bibliometric analysis to publications in the
scientific journals Energy Procedia and Society and Economy
has made it possible to systematize the approaches and key
concepts used in energy transformation research (Chou et al.,
2023; Schiirmann et al., 2019; Segura, 2024).

Foreign experience confirms the high variability of
strategies for transitioning to a “green” economy depending
on the national context. Thus, the countries of the European
Union are focused on complete decarbonization by 2050 within
the framework of the European Green Deal, paying special
attention to the development of hydrogen energy, increasing
energy efficiency and actively involving “green” financing
(Fetting, 2020).

India, on the other hand, relies on large-scale production
of green hydrogen as a component of energy independence
(Raizada, 2025). Research shows that countries that have
systematically integrated renewable energy into their national
development strategy demonstrate higher energy resilience
and less vulnerability to external threats (Guarascio et al.,
2025; Monie et al., 2025; Saputra & Lutfiana Rakhman, 2025).

Along with positive trends, scientists note the threats and
challenges of our time, in particular, the instability of
renewable energy production, the complexity of integration
into general energy grids, the lack of qualified personnel and
the imperfection of the regulatory environment remain factors
that hinder the full-scale implementation of green energy
(Emin, 2023; Regen Power, 2025; Stepanenko et al., 2022).
Therefore, the urgent issue is to improve regulatory support,
stimulate research and development, create conditions for the
effective functioning of the green bond market, carbon
offsetting mechanisms, and climate change adaptation (EC,
2021; Wu & Yu, 2025).

For Ukraine, the green economy and renewable energy
policy is of particular importance due to the need for energy
recovery after the destruction caused by the full-scale war, as
well as in the context of the implementation of the EU acquis,
which is binding on member states and candidates for
accession in the field of environment and energy (DiXi Group,
2024; EEAS, 2025). Ukraine has a strategic potential for the
development of renewables, in particular wind and solar
energy, as confirmed by recent reports by the European
Commission and ENTSO-E (UFP, 2024). Building institutional
capacity in this area, introducing a national green finance
system and integrating into the European energy market
should be key guidelines for the state policy of sustainable
development (EBRD, 2025). Scientific studies emphasize that
the effectiveness of state regulation of investment activities in
the agricultural sector, in particular through financial
incentives and support for raw material processing, can
become an important factor in the formation of a green
economy and increasing the energy security of Ukraine (Kniaz
et al., 2023).

Thus, the reviewed scientific publications and official
sources show that there is a theoretical and methodological
basis for further study of the relationship between the
development of a green economy, renewable energy and
energy security in the context of global economic
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transformation. Further study of the issues in this area should
focus on the regional specifics of the introduction of green
technologies, assessment of their effectiveness and formation
of institutional conditions for accelerating the energy
transition.

The gaps in research lie in the insufficient consideration of
regional specifics in the implementation of renewable
technologies, the assessment of their effectiveness, and the
formation of institutional conditions for accelerated energy
transformation. The novelty of the article lies in a
comprehensive analysis of the interrelationship between the
green economy, the development of renewable energy, and the
strengthening of energy security, taking into account global
transformations, international experience, and national
sustainable development strategies.

The purpose of the article is to conduct a comprehensive
study of the relationship between the development of the
green economy, the introduction of renewable energy sources,
and the strengthening of energy security, taking into account
regional specifics, assessing the effectiveness of green
technologies, and creating institutional conditions for
accelerated energy transformation, integrating international
experience and strategic approaches to national development.

MATERIALS AND METHODS

The study uses a comprehensive interdisciplinary
approach, with quantitative methods of analysis and
qualitative interpretation of data from the perspective of
current global trends in renewable energy development. The
methodological basis of the study is the concept of sustainable
development, the theory of energy transition, as well as
approaches to assessing the institutional capacity of different
countries in the implementation of green strategies.

The selection of countries in the study was made taking
into account the scale of installed renewable energy capacity,
energy sector management models, natural and technological
potential, economic and political diversity, and the availability
of reliable international data (Enerdata, 2024; IEA, 2024a;
IRENA, 2025). China and the US represent countries with high
absolute volumes and dynamic growth in renewable energy,
Germany and the EU countries demonstrate integrated
regulated models, India and Brazil demonstrate specific
natural and technological potential, and Ukraine demonstrates
a unique combination of energy infrastructure renewal and
European integration aspirations. This selection ensures the
representativeness of global trends, allows for comparison of
the effectiveness of different strategies, and enables
assessment of the relationship between investments and the
development of renewables. The study used a peer-reviewed
methodology based on the analysis of secondary data from
reliable scientific sources, including the Scopus and Web of
Science databases, as well as official reports from international
institutions such as the European Commission (EC), the
National Research Council (NRC), and the International
Renewable Energy Agency (IRENA). The results were
systematized and presented in the form of analytical tables
and graphics that clearly demonstrate both the structural
features and dynamic shifts occurring in the process of global

energy transformation. This approach allows for a holistic
assessment of current trends and the identification of key
areas for further change.

To collect reliable statistical data, the authors consulted
official databases of international organizations, as well as
analytical reports prepared at both the regional and national
levels (EC, NRC, UNECE). These sources ensured the
representativeness of the information and its relevance in the
context of comparative analysis. In order to objectively assess
the dynamics of the development of renewable energy in an
inter-country context, a sample of six countries was formed,
covering significant geographical, economic and political
diversity. This sample included China, the United States of
America, India, Germany, Brazil and Ukraine - countries
representing different types of energy systems and strategies
for the transition to renewable energy sources. The criteria for
inclusion in the sample were: The scale of the implementation
of renewable energy sources (RES), the specifics of the national
energy policy, the level of technological development, the
availability of institutional support and the general model of
energy sector management. This approach made it possible
not only to identify common features and differences between
countries, but also to assess their ability to adapt in response
to the challenges of the energy transition on a global scale.

RESULTS

In the current context of global climate change, increasing
resource vulnerability and gradual transformation of energy
systems, renewable energy is becoming increasingly important
as one of the key areas of implementation of the sustainable
development strategy. Over the past decade, there has been
not only a dynamic growth in renewable energy capacities, but
also a profound rethinking of its role in shaping the energy
security system, maintaining ecological balance and
strengthening socio-economic stability (Conde & Takano-
Rojas, 2025; Liu et al., 2022). Renewable energy is increasingly
viewed not only as a technological or environmental solution,
but as a comprehensive component of a new model of
sustainable development at the global level.

The development of this sector involves the application of
a multi-component approach to energy consumption,
encompassing low-carbon, energy-efficient and decentralized
models (Mia et al., 2022). It is stimulated by the active transfer
of innovative technologies, the emergence of new financial
instruments (in particular, “green” bonds and target
investment funds), as well as the expansion of cross-border
cooperation. In this context, an analytical review of global
trends in the development of renewable energy becomes not
only a scientifically sound step, but also a necessary
prerequisite for the formation of effective strategies for
“green” growth and ensuring the sustainable inclusion of
national economies in the transformed global energy
architecture. In order to conduct a comprehensive analysis of
the current state and prospects for the development of
renewable energy in the global context, a representative
sample of countries was formed, reflecting different scales,
structural characteristics, geographical diversification and
political conditions for the implementation of renewable
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Figure 1. Amount of energy produced from renewable sources (2015-2024) (IRENA, 2025)

energy sources. The sample includes China, the United States,
India, Germany, Brazil, and Ukraine — countries that
demonstrate different approaches to energy sector
development, which are determined by their economic
structure, natural resource potential, institutional capacity,
and geopolitical priorities (Figure 1).

The study identified China as the world leader in terms of
installed renewable energy capacity. This choice is due not
only to the technical scale of renewable energy deployment,
but also to the high effectiveness of state policy, which
combines centralized strategic planning with active
industrialization of “green” generation. Thanks to
government support, a favorable investment climate and the
development of national technologies, China demonstrates an
example of a systematic and long-term approach to energy
transformation. This model was made possible by the
integration of innovative policies, institutional stability and
effective resource management, which ensured the dynamic
growth of the renewable sector.

The United States has a well-developed decentralized
energy model, where innovations are being intensively
implemented, particularly in the private sector. The country
ranks second in the world in terms of total renewable energy
capacity (Tran, 2025). India has a significant potential for
scaling up solar energy. The experience of individual countries
is extremely valuable for understanding both the constraints
and incentives for the development of renewable energy,
especially in conditions of limited resources (Gandhi et al.,
2022). In the European context, a striking example is Germany,
which has become a pioneer in the implementation of green
transformations. Its energy system is characterized by a high
level of integration of renewable energy sources, effective
balancing and a developed storage infrastructure, which
indicates the maturity of the industry (FMEAE, 2014).

Among the southern countries, the example of Brazil is
particularly indicative - hydropower dominates the structure
of renewable energy, which is largely due to favorable natural
conditions and regional specificities. This allows us to identify
unique features of the development of “green” energy in
countries with large natural potential (Catolico et al., 2021;
Iequer et al., 2023).

Ukraine, in turn, is considered a country with significant
resource potential for the development of renewable energy,
which, however, has suffered large-scale destruction of energy
infrastructure as a result of armed aggression. The domestic
experience is unique in the global context - it combines the
challenges of energy security, the need to restore critical
facilities and the desire to integrate into the European Green
Space, which is taking place in parallel with the transition to
sustainable energy (Bandura & Romanishyn, 2025).

Therefore, involving different countries with different
political contexts, levels of economic development and
technological approaches in the analysis allows us to form a
comprehensive picture of global trends in the field of energy
transformations.

The analysis of the dynamics of the total installed capacity
of Renewables in the world for the period 2015-2024 shows a
gradual growth of this sector, which is confirmed by the trend
line approximation coefficient R? = 0.948. According to
Enerdata (2024), in 2024, the global total capacity of
Renewables reached about 4,448 GW, with the largest annual
increase in the last twenty years (+ 585 GW). This expansion
indicates a steady trend of strategic reorientation of global
energy systems towards the use of renewable resources.

Particular attention is drawn to the leading role of China,
which provided more than 64% of the global renewable energy
growth in 2024 - about 373 GW, bringing the total installed
capacity in the country to 1,878 GW (IRENA, 2025). These
dynamics are driven by industrial capacity and active
government subsidy policies, export-oriented technologies,
and accelerated deployment of offshore and distributed
systems.

In order to better understand how financial support affects
the development of renewable energy, a correlation analysis
was conducted to trace the relationship between the volume of
investments in this area and the actual growth of energy
production from renewable sources (Figure 2).

The data obtained show an almost perfect linear
correlation (R = 0.99) between the volume of investment in
renewable energy and the growth in its production, which
underscores the key role of financial support for accelerated
energy transformation (Table 1).
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2023) (Source: IRENA, 2025; IEA, 2024a )

Table 1. Matrix of correlation between renewable energy
production and investment in renewables

Investment in renewable Renewable energy
energy, billion USD production, GW

—_

Investment in
renewable energy,
billion USA
Renewable energy 0,99011459 1
production, GW

Such a high correlation indicates that investments directly
stimulate capacity scaling, the introduction of new
technologies, and the modernization of energy infrastructure.
In addition, the results confirm the importance of coordinating
public policy and market mechanisms: Countries that
effectively integrate investment flows into national renewable
energy development strategies demonstrate greater energy
efficiency, resilience to external shocks, and faster adaptation
to global decarbonization trends. These findings are
consistent with international studies showing that financial
instruments, such as green bonds and targeted investment
funds, are critical to ensuring the stable growth of renewable
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energy production and the implementation of national green
economy strategies.

An important trend today is the diversification of
renewables, including the use of decentralized energy supply
models, such as rooftop solar installations for the private
sector and small businesses. According to the forecast (IEA,
2024b), the number of such systems in the world may reach
hundreds of millions by 2030, which will significantly change
the traditional hierarchy of the energy market. Let’s consider
the dynamics of changes in the structure of renewable energy
sources in the world over time (Figure 3).

An analysis of the structure of global renewable energy
generation for the period 2015-2024 shows significant
changes in the ratio of key technologies. The share of
hydropower has decreased from 59.7% in 2015 to 30.3% in
2024, reflecting the saturation of the sector, technical and
environmental constraints on the construction of new large
hydropower plants, and the relatively rapid growth of other
sources. Wind energy shows gradual growth from 20.5% to a
maximum of 25% in 2021, after which it stabilizes at 24-25%,
indicating stable development and high technological
potential in this sector. The most dynamic growth is observed

m Hydropower

m Wind energy

= Solar energy
Bioenergy

m Solid biofuels and

renewable waste

100%

Figure 3. Structure of Renewables generation sources in the world, % (2015-2024) (IRENA, 2025)
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Table 2. Typology of state policy in the field of green economy and renewable energy: international experience

Country / Region Strategic initiative

Key instruments

Features of the model

EU (27 countries) European Green Deal

EU ETS, Horizon Europe, green
taxonomy

Institutional integration, just
transition

South Korea Korean Green New Deal

Hydrogen, digital energy, renewable

Centralized, export-oriented

energy subsidies

Canada Healthy Environment &

Economy

COq, price, investment funds, energy
efficiency

Federal model, adaptive policy

Scandinavian countries (Denmark, National sustainable

High level of CO»- taxation,

High level of trust, innovation

Norway, Sweden, Finland) development strategies electrification, urbanization ecosystem
Source: (EC, 2023, 2025; NER, 2025; NRC, 2025; Susta, 2020; Thompson, 2022)
90.0
67.5 —es—]celand
Norway
ﬁ
45.0 ey Sweden
./_'—‘—' Liechtenstein
22.5 —e—Finland
0,0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Figure 4. Top 5 countries with the highest share of renewable energy in total final energy consumption, % (2010-2022) (Source:

UNECE, 2025)

in solar energy, whose share has increased from 11.2% in 2015
to 39.7% in 2024 due to the reduction in the cost of
photovoltaic systems, the large-scale introduction of solar
stations, and the support of state investment programs.
Currently, solar and wind energy dominate the growth
structure of renewable energy sources, accounting for over
90% of new power plants in 2024, with 452 GW of solar and 113
GW of wind energy. This confirms the long-term technological
shift towards clean, low-carbon energy sources, which have
high potential for scaling up and reducing the cost per unit of
energy produced.

A comparative analysis of international experience shows
significant differences in the practice of implementing a green
economy and renewable energy development depending on
the political model, economic structure, and level of
institutional maturity of countries (Table 2).

In particular, the Scandinavian countries demonstrate the
highest share of renewables in total energy consumption (over
50%) under conditions of active public participation and high
level of trust in government policies (Multiconsult, 2018; NER,
2018, 2025). The European Union, in the context of regional
coordination, ensures a steady increase in the share of
renewables (EC, 2023, 2025), combining economic incentives
with climate regulation. South Korea and Canada demonstrate
different but effective models: The former through
technological modernization and centralized management
(Lee & Woo, 2020), the latter through market mechanisms and
regional flexibility (NRC, 2025). In all cases, there is a close
relationship between the scale of investment in renewables
and the success of national green transformation strategies
(Kniaz et al., 2023).

Let’s consider global trends in renewable energy
development by visualizing the ranking of countries with the
highest share of renewables in the structure of final energy

consumption (Figure 4). This approach allows us to identify
the leaders of the sustainable energy transition and compare
the results of their national strategies in the long term.

The data sample shows the dynamics of the growth of the
share of renewable energy in total final energy consumption in
the five leading countries of the world for the period 2010-
2022. The presented data demonstrate a steady positive trend,
especially in countries with mature sustainable development
policies, such as Norway, Iceland and Sweden. This indicates
the effectiveness of long-term strategies and systemic support
for the RES sector as a basis for the energy transition.

Thus, a comprehensive comparison of the qualitative and
quantitative = parameters of green energy policy
implementation at the international level suggests that the
countries with the highest share of renewables in final energy
consumption (in particular, Norway, Iceland, Sweden) are also
among the leaders in terms of institutional sustainability,
investment levels and regulatory efficiency, as shown in the
table. This coincidence of quantitative and qualitative
characteristics indicates the existence of a systemic approach
that combines political will, institutional coherence, and
strategic investment in renewable energy.

The example of the Scandinavian countries, as well as
leaders with a high share of renewables, shows a mutually
reinforcing effect: Active government support stimulates
investment growth, which in turn contributes to increased
clean energy production and reduced CO, emissions. These
findings emphasize the importance of a comprehensive
approach to formulating national energy transition strategies,
in which economic, environmental and social indicators
complement each other.
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DISCUSSION

The results of the study confirm the growing role of the
green economy and renewable energy as determinants of the
global transformation of economic systems. In the context of
the environmental crisis, geopolitical instability, and growing
energy vulnerability, these approaches are the main factors in
ensuring long-term sustainability, economic autonomy, and
the transition to low-carbon development (Renewable energy
and jobs: Annual review 2024). Thus, it is possible to identify
the key trends in the formation of Renewables at the global
level (Figure 5).

The above transformations in the green economy
demonstrate the need for adaptation to climate change and
reflect a deep structural restructuring of the global energy
sector towards sustainable and inclusive development.

The optimized model for integrating the green economy
and energy security encompasses six interrelated levels:

1) Strategic,

2) Technological and infrastructural,

3) Institutional and political,

4) Economic,

5) Socio-environmental, and

6) Synergistic.

At the strategic level, the key components are
globalization, climate risks, international initiatives, and
green financial instruments, which shape the need to
transition to renewable energy sources as the basis for energy
sustainability. The technological and infrastructural level
involves increasing RES capacity, decentralisation, innovation
and network modernisation to ensure reliability, flexibility and
energy independence. The institutional and political level
includes national strategies, regulatory incentives, market
transparency, and policy alignment with EU standards, which
contributes to effective management and investment
attraction. The economic level focuses on reducing import
dependence, developing green industry, creating new jobs and
markets, and increasing economic stability and
competitiveness. The socio-environmental level aims to
reduce environmental pressure, improve quality of life, and
increase communities’ resilience to climate risks. The

synergistic level reflects the integration of all components: the
green economy stimulates the development of RES, RES
ensure energy security, and stable energy markets support
sustainable development and increased national resilience. In
the context of the formation of the principles of circularity,
inclusiveness and technological transformation, an attempt is
made to build a generalized model of the interaction between
the green economy and energy security (Figure 6).

The model is built through the prism of a systemic vision
of the green economy as a multicomponent platform that
combines environmental rationality, energy sustainability,
innovative technologies, and social justice. The dominant
element of interaction is renewable energy, which combines
economic feasibility, environmental efficiency, and the ability
to provide energy autonomy. This approach is in line with the
current transformational paradigms defined in the EU’s
Climate Neutrality Strategy, the Sustainable Development
Goals (SDGs), and research by international think tanks
(IRENA, 2025; WB, 2025).

The circular economy is gradually becoming the basis for a
new model of resource use in the energy sector. It involves
replacing linear resource consumption with cyclical flows -
through the introduction of closed material and energy chains,
minimizing losses and extending the life cycle of products
(EMAF, 2021; Ryzhakova et al., 2022). This necessitates:

- Stimulating the remanufacturing, reuse and recycling
of materials;

- Reducing the environmental footprint of energy
technologies at all stages of the life cycle - from raw
material extraction to disposal (Gavkalova et al., 2025;
Kalkanis et al., 2024).

An important social component of green transformation is
the concept of Just Transition, which provides for equal rights
and opportunities in access to green energy for all segments of
the population, including:

- Guaranteed access to energy services regardless of

geographic location, income or social status;

- Support for the re-profiling of labor resources in
regions where fossil fuels are being abandoned
(Dobrotkova et al., 2024);
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GREEN ECONOMY
Rational use of natural resources (reduction of consumption, decarbonization, ecodesign)
Circular economy (reducing waste and increasing efficiency) "Green investments and
finance (green bonds, ESG approaches, government subsidies for renewables) "Green employment
and human capital that promotes inclusive development

Solar energy —

RENEWABLE ENERGY

Geothermal energy — use of

photovoltaic panels and
concentrated solar
power systems

Bioenergy — production of energy
from biomass, biogas, and biofuels
with CO» emissions control

the Earth's heat for heating
and electricity generation

Marine and wave energy —

technologies for obtaining

Hydropower - large and
small hydroelectric power
plants that use the potential
of water flows

Wind energy — onshore and
offshore wind turbines that
convert the kinetic energy of
wind into electricity

energy from tides, waves, and
ocean currents

ENERGY SECURITY
Diversification of energy sources with a priority on renewables (solar, wind, bioenergy,
hydropower) Decentralized models of energy production and management (microgrids, energy
cooperatives, smart grids) Reducing dependence on imported energy carriers Creation of strategic
reserves and local capacities resistant to external threats

Figure 6. Key trends in the formation of Renewables at the global level (Source: Compiled by the authors)

- Expanding community participation in decision-

making on energy management.

Intensive development of Renewables is achieved through
the transfer of technological innovations in energy storage,
hydrogen generation, smart grids, and digital demand
management (IEA, 2024b, 2024c; IRENA & ILO, 2024; IRENA,
2025). The main ways in this direction:

- Active financial (venture capital source) support for
research and development;

- Aintegration of renewables into important sectors of
the economy (Dirma et al., 2024; Maradin et al., 2017;
Zhang et al., 2024)

- The use of artificial intelligence and a large database of
information helps to optimize energy generation and
consumption.

The complex combination of these three factors requires
effective institutional and political synergy:

- Balanced national and regional policies that
successfully combine climate, energy, and socio-
economic goals (EC, 2020);

- Formation of a national governance system-
integration of state regulation, market factors and the
public) (Busch, et al., 2023);

- Implementation of a monitoring system using a
number of Renewables assessment indicators (Faraji
Abdolmaleki & Bello Bugallo, 2025; Otundo Richard,

2024).
Green economy policies in developing countries require a
comprehensive approach that combines institutional,

financial, technological, and social instruments to accelerate
environmental modernization, improve energy efficiency, and
reduce dependence on fossil fuels. Priorities include
interagency coordination, green budgeting, stimulating
private investment through renewable energy funds, tax

incentives, and green procurement programs. The
development of renewable energy should be based on
decentralized generation, energy cooperatives, localization of
clean technologies, and circular economy principles. The
social dimension is ensured by a just transition program,
retraining of personnel, subsidies for low-income households,
and ensuring access to clean energy in rural communities. Key
factors include national green technology centers, support for
environmental innovation, digital monitoring of energy
consumption, and international cooperation with UNEP,
IRENA, the Green Climate Fund, and financial institutions.
The development of environmental education and a culture of
sustainable consumption forms the basis for sustainable
development, energy security, and increased competitiveness.

Thus, the future of energy transformation lies in the
integration of circular, socially just and innovative approaches
that can ensure not only decarbonization, but also increase
social sustainability and economic efficiency.

CONCLUSION

A comprehensive analysis of the development of renewable
energy in the global and national contexts over the past decade
demonstrates the importance of this sector in ensuring
sustainable development, climate neutrality and energy
security. The benchmarking analysis of the experience of
different countries shows the success of national renewable
energy policies in close correlation with the level of
institutional capacity, innovation potential and the amount of
investment. A strong direct correlation between the amount of
financing and the growth of production capacity (R = 0.99) was
found, which emphasizes the crucial role of targeted financial
support in the transformation of energy systems.

The structure of renewable energy sources has undergone
significant changes: While hydropower remained the priority
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in 2015, solar and wind generation took the leading positions
in 2024. Such dynamics indicate a deep technological
breakthrough and the ability of energy systems to quickly
integrate innovations. Similar results were achieved primarily
in countries where integrated models of sustainable
development have been implemented - such as Norway,
Sweden and Iceland. These states are distinguished by a high
share of renewable energy in the structure of energy
consumption, consistency of long-term strategies and a high
level of trust in state institutions. Thus, the potential for the
development of renewable energy is closely related to the
integration of the principles of the circular economy, digital
transformation and social justice. It is the combination of
environmental efficiency, inclusiveness, and innovation that
forms the basis for a new energy model — sustainable, adaptive,
and focused not only on technical and economic indicators,
but primarily on human well-being and the safety of the
planet.
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