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Abstract:  

 

Purpose: This study provides a comprehensive overview of research on the role of renewable 

energy sources (RES) in the green transformation of economies. It identifies major research 

trends, thematic areas, and the role of financial mechanisms, including subsidies, tax 

incentives, and investments, in supporting the transition to low-carbon economies. 

Design/Methodology/Approach: A systematic literature review based on Snyder's 

framework was conducted using Web of Science publications (2006-2025). Bibliometric and 

multivariate methods, including VOSviewer keyword co-occurrence analysis, Multiple 

Correspondence Analysis (MCA), and Ward's hierarchical clustering, were applied to 

identify thematic clusters and research patterns. 

Findings: Scientific interest in renewable energy has grown significantly, particularly after 

2020. Three thematic clusters emerged: renewable energy technologies, EU energy policy 

and security, and sustainable development with energy transition. Three publication groups 

focused on financial support mechanisms, green technologies outside Europe, and European 

transition strategies. Financial instruments increasingly complement technological 

innovation and policy measures in advancing energy transition. 

Practical Implications: The findings support policymakers, financial institutions, investors, 

and researchers by identifying effective financing instruments, research priorities, and policy 

directions for sustainable energy transition. 

Originality/Value: The study advances literature by integrating the financial dimension into 

bibliometric research on renewable energy and green transformation, highlighting 

interactions among innovation, financing mechanisms, and public policy. 
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1. Introduction 

 

The growing threat and impact of ESG (Environmental, Social, and Governance) 

risk on social and economic life results in the need to undertake preventive measures 

to mitigate the adverse effects of climate change (Billio et al., 2022). Climate-related 

risks affect the business sector, consumers, quality of life, and human health. One of 

the main global challenges is global warming caused by greenhouse gas emissions 

(Filonchyk et al., 2024).  

 

It is estimated that nearly 30% of carbon dioxide emissions are related to the 

combustion of fossil fuels used for energy production. In 2025, the energy sector 

ranked first among industries responsible for greenhouse gas (GHG) emissions, 

accounting for 75% of global emissions (Davda, 2024). Therefore, the 

transformation of the energy sector is a crucial element of the broader economic 

transition toward sustainability. 

 

Many countries have implemented measures to support global changes in the energy 

industry. Examples include the Paris Agreement of 2015 and the European Green 

Deal. The transformation of the energy sector is also directly linked to the 

Sustainable Development Goals (SDGs), particularly SDG 7 — Affordable and 

Clean Energy (Marcillo-Delgado, Ortego and Pérez-Foguet, 2019).  

 

One of the key directions of change is the replacement of conventional energy 

sources with renewable ones, which requires both financial support and R&D 

solutions to enhance innovation in this field. Hence, the science and research sector 

plays a critical role in analyzing and supporting this transition (Gielen et al., 2019). 

 

In recent years, the interest of researchers in the energy market and the green 

transformation has significantly increased, as reflected in the growing number of 

scientific publications. However, research in this field remains thematically 

dispersed, making systematic literature reviews essential for understanding, 

organizing, and synthesizing current research directions and trends. Since the most 

recent comprehensive reviews date back to 2020-2023, there is a clear need to 

update and extend the analysis to include the latest developments up to 2025. 

 

Numerous papers on green transformation, including review papers summarizing 

research, have been published. These studies typically highlight research trends such 

as energy policy determinants and technological aspects influencing the green 

transformation, but they omit the crucial issue of financing and fundraising for green 

transformation expenditures.  

 

For example, Mentel et al. (2023) analyze the volume, structure, and dynamics of 

innovation research to identify the state of knowledge in the field of green and 

renewable energy in the last decade. Kut & Pietrucha-Urbanik (Kut and Pietrucha-

Urbanik, 2023) conduct a comparative analysis of renewable energy research in 
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Poland and Germany, emphasizing the role of smart grid technologies but omitting 

the issue of fundraising for these technologies.  

 

Similarly, Xu et al. (2024) analyze the research landscape of energy transition and 

green finance but completely ignore the role of individual financial instruments in 

this financing, for example the role of green bonds or blended finance. In the context 

of these reviews, the study focuses on the financial dimension, mechanisms, and 

financial instruments supporting green transformation. 

 

The aim of this article is to provide a comprehensive and synthetic presentation of 

the current state of knowledge, research, and achievements concerning the role of 

renewable energy sources in the green transformation of economies, with particular 

emphasis on the importance of innovation and financing mechanisms in this process, 

as well as to identify relationships between selected keywords related to the studied 

phenomenon.  

 

The study seeks to identify the main research trends, thematic areas, and 

methodologies applied in the analysis of energy transition, as well as to determine 

how financial instruments — such as subsidies, tax reliefs, and investments — 

influence their progress. 

 

Accordingly, the following research questions were formulated: 

 

1. How have global publication trends on green transformation and renewable 

energy sources evolved over the period 2006–2025? 

2. What are the dominant themes in research on the energy transition toward 

sustainability? 

3. What key thematic areas and research clusters related to the green 

transformation can be identified, and what significance is attributed to 

financing and support mechanisms in shaping this process? 

 

The remainder of this paper is organized as follows: Section II presents the literature 

review; Section III describes materials and methods; Section IV discusses the 

research results; and Section V provides conclusions and implications for future 

research. 

 

2. Literature Review 

 

In recent years, there has been a clear increase in interest in green transformation, as 

evidenced by the rapidly growing number of scientific and economic publications on 

the topic, especially over the past five years. Green transformation can be analyzed 

in various contexts but is most commonly associated with the concept of sustainable 

development, which encompasses environmental, social, and economic dimensions 

(Kozar and Sulich, 2023). 
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According to the United Nations Environment Programme (UNEP), green 

transformation refers to "a restructuring of the economy in a way that leads to 

sustainable growth, promotes social equity, and at the same time reduces pressure on 

the environment" (OECD, 2011). It is also often described as the pursuit of a balance 

between economic development and environmental protection, aimed at ensuring the 

well-being of future generations through the responsible and rational use of available 

resources (Cheba et al., 2022; Plachkov, 2023). 

 

The definition proposed by the Organization for Economic Co-operation and 

Development (OECD) emphasizes the crucial role of public policy and technological 

innovation in supporting the transition toward a low-carbon and more resource-

efficient economy, while maintaining competitiveness and social well-being (OECD, 

2015). Similarly, Wyrwa and Jaźwiński (2024) highlight the fundamental 

importance of energy policies that promote renewable energy sources, improve 

energy efficiency, and foster the development of a low-emission, competitive 

economy. 

 

Georgeson et al. (2017) also underscore the significance of decision-making systems 

and public policies as key tools for integrating renewable energy sources and 

sustainable environmental management, with the goal of building long-term socio-

economic resilience. 

 

Based on a review of the literature, several key research directions can be identified 

concerning green and energy transition. These include both systemic approaches and 

sectoral analyses, which consider diverse political, economic, and cultural contexts. 

 

• Systemic approach to green transformation - this research stream views 

green transformation as a complex, multidimensional, and systemic process. 

It encompasses structural, political, and social changes, as well as enabling 

actions such as capacity building and stakeholder engagement. Scholars 

emphasize the need for integrated efforts across multiple levels to 

effectively support the transition towards sustainability (European Bank for 

Reconstruction and Development, 2020; Scoones et al., 2020; Amundsen 

and Hermansen, 2021; Kus and Jackson, 2025). 

• Role of technological change and innovation – this area focuses on the 

importance of technological innovations — particularly eco-innovations — 

in driving ecological and energy transition. Research highlights the crucial 

link between technological progress, including digitalization (e.g., artificial 

intelligence, the Internet of Things), and successful implementation of green 

transformation strategies (Ramesohl, Berg and Wirtz, 2022; Quaranta, 

Ramos and Stein, 2023; Xu et al., 2023; Shobande, Tiwari and Ogbeifun, 

2025; Zhang and Du, 2025). 

• Public policy and regulation – this line of inquiry examines the role of public 

policy and regulatory instruments in shaping the course of the 

transformation. Zen et al. (2025) highlight the critical involvement of both 
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public and private sectors in mobilizing financial resources for a just energy 

transition. A significant part of this research also explores the role of tax 

policy in the decarbonization process (Cheng et al., 2021; Qiao et al., 2024; 

Wang, Fang and Zhang, 2024). For instance, Wang et al. (2024) analyze 

how geopolitical risk influences energy transition, concluding that stronger 

environmental regulations and advances in eco-innovation can enhance the 

positive impact of such risks on the transition process. 

• Sources of financing for green transformation – An increasingly prominent 

area of research concerns the role of green finance in supporting economic 

transformation. Special attention is paid to green credit mechanisms and 

their growing importance in investment strategies (Li et al., 2023; Sarpong 

et al., 2023; Zheng et al., 2023; Chen et al., 2024; Lin and Pan, 2024; Liu 

and Li, 2024; Zhang et al., 2024). 

 

Some studies adopt sectoral approaches, focusing on the implementation of green 

solutions in specific industries, for example: 

 

• energy – research explores the development of renewable energy sources, 

innovations in energy management, and the impact of environmental 

regulations (Zhang and Kong, 2022; Plotkin et al., 2023; Sun, Zheng and 

Zhan, 2025). 

• construction – emphasis is placed on green building practices, energy 

efficiency, and the use of environmentally friendly materials (Li and Liu, 

2024; Yang et al., 2024). 

• fashion industry – studies highlight the shift toward circular economy 

models, the use of eco-friendly materials, and digital tools supporting 

sustainable production (Sarker and Bartok, 2024). 

 

Within the sectoral approach, increasing attention is also being paid to micro-scale 

and specialized applications of renewable energy sources, especially within urban 

infrastructure systems, demonstrating that urban infrastructure can play an important 

role in the energy transition process, enabling the efficient use of local, previously 

untapped energy resources. 

 

Bideris-Davos and Vovos (2024a) demonstrated that urban water distribution 

systems (WDS) possess significant, previously untapped energy potential, which is 

currently dissipated through pressure-reducing devices such as pressure relief valves 

(PRVs) and brake pressure tanks (BPTs).  

 

However, this energy can be effectively recovered using conventional turbines or 

pumps as turbines (PATs), confirming both the technical feasibility and economic 

viability of such solutions. In a subsequent study (Bideris-Davos and Vovos, 2024b), 

the authors introduced the concept of an integrated power–water distribution system 

(IPWDS), demonstrating that the coordinated optimization of water supply and 

power networks can significantly enhance the level of renewable energy generation. 
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At the same time, the authors emphasize that the effectiveness of this solution is 

conditioned by specific system-wide operational constraints. Similar conclusions 

were presented by Hamlehdar et al. (2022), who confirmed the practical potential of 

micro-hydropower installations in WDS systems, proving that the energy recovered 

from excess pressure can cover a significant part of the energy demand of pumps, 

without negatively impacting the reliability of water supply. 

 

Research on energy transition is conducted at international, regional, and national 

levels, considering local social, economic, and institutional conditions. Diverse 

development contexts mean that this process takes different forms and at different 

paces in different regions of the world. 

 

In the international context, the energy transition process is being widely analyzed, 

including in countries belonging to the Association of Southeast Asian Nations 

(ASEAN) and in the European Union. Phoumin et al. (2021) demonstrated that 

achieving energy security and sustainability in ASEAN countries requires a 

significant increase in the share of renewable energy sources in the energy mix, 

which is currently dominated by coal, gas, and hydropower. Despite the significant 

potential of solar and wind energy, their share in energy production in the region 

remains small.  

 

Vakulchuk et al. (2023) focused on identifying barriers to renewable energy 

development in Southeast Asia, pointing to, among other things, the "carbon lock-

in" phenomenon, the shifting of regulations from the fossil fuel sector to the 

renewable energy sector, and limited institutional capacity to effectively implement 

advanced support instruments, despite their formal presence in some countries in the 

region. 

 

The energy transition process is also being intensively studied at the European 

Union level. One of the main research streams is comparing the effectiveness of 

energy transitions in the EU-27 countries. An example of this approach is the 

analysis by Brodny et al. (2024), who assessed the effectiveness of energy 

transitions across the EU-27 countries from 2004 to 2021, pointing to significant 

disparities in the pace and scope of change.  

 

The most dynamic progress was recorded in Luxembourg, Malta, and the 

Netherlands, while the weakest results were achieved by countries such as Bulgaria, 

Poland, and Romania. The authors attribute these differences to different starting 

points, energy mix structures, and policy approaches. In a similar study analyzing 

the effectiveness of energy policy implementation in EU countries for 2013-2022, 

Sweden and Finland achieved the best results, while Ireland, Luxembourg, Malta, 

and Cyprus fared the worst (Brodny and Tutak, 2025).  

 

Dincă et al. (2025) analyzed the differences between the "old" (OMS) and "new" 

(NMS) EU Member States, demonstrating that in the OMS the key factor 
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contributing to the implementation of renewable energy sources is economic growth, 

while in the NMS the transition is significantly hindered by greenhouse gas 

emissions, with financial factors gaining greater importance.  

 

Complementarily, Piekut (2024) examined energy efficiency, the share of renewable 

energy sources, and dependence on energy imports in the EU, indicating a decline in 

primary energy consumption alongside substantial cross-country variation in both 

the share of renewables and the pace of energy transition. 

 

Research on energy transition is also conducted at the level of individual countries. 

At the national level, the main research directions include:  

 

(1) analysis of national energy transition policies, including the coherence of 

strategic documents, regulatory mechanisms, implementation barriers and the role of 

the state and public institutions in improving energy efficiency (Economidou et al., 

2022; Geissler et al., 2022; Natorski and Solorio, 2023; Sakhraoui et al., 2024; 

Molepo, Aboalez and Mathaba, 2025);  

 

(2) modeling and analysis of scenarios for national energy systems, including the 

structure of the energy mix, grid development, system flexibility and RES 

integration (Bauknecht, Andersen and Dunne, 2020; van Ouwerkerk et al., 2022; 

Kwak et al., 2025);  

 

(3) issues of financing and market mechanisms of the transition at the national level, 

such as auction systems, support programs or initiatives such as the Just Energy 

Transition Partnership (JETP) (Guadarrama, 2019; Ozcan, 2021; Tolmasquim et al., 

2021; Geßner, 2023) 

 

The importance of increasing the use of renewable energy sources in the transition 

toward sustainable development has been confirmed by numerous reports and 

studies (REN21, 2023; Saleh and Hassan, 2023; Sharma, Sharma and Kumar, 2023; 

United Nations Environment Programme, 2025). The green transformation requires 

not only a reduction in greenhouse gas emissions but also a fundamental 

restructuring of the energy sector, in which renewable energy sources constitute one 

of the key pillars of this transformation (International Energy Agency., 2019; 

European Environment Agency, 2025). 

 

Furthermore, the Renewable Energy Transition report published by The Nature 

Conservancy highlights the fundamental importance of a rapid shift to renewables in 

the context of achieving global climate goals. The report examines strategies aimed 

at accelerating the development of renewable energy while simultaneously 

considering the need to protect the natural environment and provide support for local 

communities. 

 

According to He et al. (2019), investments in renewable energy sources are 
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becoming increasingly cost-effective, particularly in the context of rising external 

costs associated with environmental degradation and climate change. Similar 

conclusions were presented in the report Global Energy Transformation: A Roadmap 

to 2050 by the International Renewable Energy Agency (IRENA) (IRENA, 2019), 

which highlights that investments in renewable energy and energy efficiency are the 

most economically viable pathways to reducing CO₂ emissions, while also 

generating substantial economic and social benefits. 

 

The transition to renewable energy enables a shift from centralized energy systems 

toward more decentralized, flexible, and resilient infrastructures. This has been 

confirmed by research conducted by the U.S. National Renewable Energy 

Laboratory (NREL) and Siemens within the AURORA project.  

 

Their findings show that microgrids powered entirely by renewable energy can 

autonomously restore power after grid outages (so-called black start capability). 

These systems, based on advanced inverter technologies, demonstrate greater 

resilience to disruptions compared to traditional centralized power grids. 

 

In terms of financing the energy transition and climate change in the European 

Union, the EU's Recovery and Resilience Facility (RRF) plays a key role. It has 

funds of approximately €184 billion by 2025 for energy-related measures, adding 

significant capacity (110 GW by 2024), and aiming to cut fossil fuel reliance 

(European Commission, 2025) in North America, it is planned to spend $12 trillion 

by 2050 on energy purposes based on the Inflation Reduction Act (IRA), which has 

spurred over $1 trillion in private clean energy investment, focusing on solar, wind, 

batteries, and manufacturing (Lovegrove, 2023).  

 

In Australia, renewable energy sources accounted for 9% of Australian energy 

consumption in 2023-24, and financial support is based primarily on public 

mechanisms, government support. In Asia, China is leading the energy transition, 

with China's clean energy investment in 2024 exceeding $625 billion, almost double 

the amount recorded in 2015 (Mulrenan, 2025). 

 

The application of renewable energy is also reflected in public policies and 

international development strategies. The development of renewables is a central 

pillar of the European Green Deal and a key component of various support programs 

for innovative technologies in the energy sector.  

 

In practice, this has led to the growing importance of instruments such as energy 

auctions, feed-in tariff systems, and subsidies for the research and development of 

low-emission technologies. Particularly notable in this context are initiatives such as 

the Net-Zero Industry Act (NZIA), the EU Hydrogen Bank, and REPowerEU, all of 

which aim to accelerate the transition to a climate-neutral economy by supporting 

clean energy technologies.  
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The growing complexity of the green transformation and the multidimensional 

nature of research on renewable energy sources highlight the need for an up-to-date 

and integrated synthesis of existing studies. Previous literature reviews have focused 

primarily on technological innovations, public policy instruments, and 

environmental aspects, while the financial dimension of the energy transition — 

including mechanisms such as subsidies, tax incentives, and investment frameworks 

— has been only marginally addressed. 

 

In response to this research gap, the present article provides a comprehensive and 

current synthesis of the state of research on renewable energy sources and the green 

transformation of economies. Particular emphasis is placed on the role of financing 

mechanisms and innovation as key drivers of the transition towards sustainable 

development, as well as on the identification of major research trends and thematic 

areas shaping this rapidly evolving field of study. 

 

3. Research Methodology  

 

This study adopted a literature review methodology aligned with the framework 

proposed by Snyder (2019), which comprises four principal stages: review design, 

review conduct, data abstraction and analysis, and the structuring and writing of the 

review. The research process commenced with the identification of the study’s 

primary objective and the formulation of specific research questions. 

 

Publications were searched using the Web of Science (WoS) scientific publications 

database. The search process was conducted using keywords, combined with 

Boolean operators (e.g., AND) and quotation marks: 

 

• "renewable energy sources" AND "energy transformation"  

• "renewable energy sources" AND "green transformation" 

• "renewable energy sources" AND "energy transition"  

• "renewable energy sources" AND "green transition".  

 

The search included titles, keywords, and abstracts of publications. The process of 

screening and selecting articles is illustrated in Figure 1. 

 

In the first stage, a co-occurrence analysis of keywords in publications was carried 

out using the VOSviewer version 1.6.20. With a minimum number of keyword 

occurrences set to six, three clusters of keywords were obtained (Figure 2).  

 

Figure 2 illustrates that the keyword co-occurrence analysis results in the 

identification of three thematic clusters. The largest cluster focuses on renewable 

energy technologies and energy systems, while the remaining clusters concentrate on 

issues related to energy policy and energy transition (primarily in the context of the 

European Union), as well as on topics associated with sustainable development and 

energy transition.  
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Figure 1. Diagram of the process of articles selection.  

 
Source: Authors’ own elaboration. 

 

The clusters are as follows: 

 

1. decarbonization, design, electricity, energy, energy storage, generation, green 

hydrogen, hydrogen, optimization, performance, power, storage, system, 

systems, technologies, wind; 

2. economic-growth, emissions, energy efficiency, energy policy, energy transition, 

European Union, Germany, impact, management, model, renewable energy, 

renewable energy sources, security; 

3. consumption, energy transition, green energy, growth, innovation, Poland, 

policy, sustainable development. 

 

The first and largest cluster mainly includes words related to the field of renewable 

energy technologies (i.e., technologies, generation, storage, wind, hydrogen, system, 

performance). In the second cluster, apart from the most frequently occurring term 

“renewable energy sources,” there are words such as emissions, impact, security, 

management, energy policy, and model, as well as Germany and European Union.  

 

Therefore, this cluster can be classified under the area of renewable energy 

development and energy-climate policy, mainly in the EU countries. The third and 

smallest cluster is like the second one but is more focused on sustainable 

development and energy transition. 

 

Among the 1,025 keywords identified by VOSviewer, 37 met the minimum 

occurrence condition of six. The 20 most frequent keywords along with their 

numbers of occurrence are presented in Figure 3. As can be seen in Figure 2, the 

frequency of occurrence of the first three keywords significantly exceeds the 
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frequency of the subsequent ones, which is understandable considering the search 

criteria of the WOS database. 

 

Figure 2. Visualization of clusters with links between keywords 

 
Source: Authors’ own research. 

 

Figure 3. The 20 most frequent occurring keywords 

 
Source: Authors’ own research. 



     Renewable Energy Sources and Green Transformation: Mapping Research Trends, 

Policies, and Financial Instruments  

842  

 

 

The analyzed publication period spans from 2006 to 2025. The annual distribution of 

publications is illustrated in Figure 4. Between 2006 and 2020, a gradual upward 

trend in the number of studies concerning renewable energy sources and the green 

transformation is observed. However, a pronounced surge occurred in 2021, when 

the number of publications more than doubled compared to 2020. This growth 

persisted into 2022, with the figure nearly doubling once again. In 2023, the growth 

rate began to decelerate, and by 2024, a decline in the number of publications was 

recorded. 

 

Figure 4. Number of publications by year 

 
Source: Authors’ own research. 

 

Based on the review, several key thematic areas on which the publications focus 

were identified (Figure 5). Most articles are devoted to strategies for the transition to 

renewable energy sources (RES) (nearly 78%). The second most frequent topics, 

each accounting for 7.4%, concerns the financial and technological aspects of the 

green transition, while the third most common area, representing 3.2%, pertains to 

methods of measuring the effectiveness of the transformation. 

 

Figure 5. Main thematic areas of publications 

 
Source: Authors’ own research. 
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The classification of publications based on the development status of the countries to 

which the presented studies refer is illustrated in Figure 6. A substantial majority of 

the research focuses on developed countries (64%), which may be attributed to the 

fact that the utilization of renewable energy sources is more prevalent in these 

nations, and the energy transition processes occur on a broader and more advanced 

scale.  

 

Figure 6. Share of publications regarding developed and developing countries 

 
Source: Authors’ own research. 

 

To explore the relationships between selected keywords describing renewable 

energy sources, energy transition, and green transformation, an MCA was employed. 

For this purpose, 27 categorical variables were constructed, each referring to the 

research area and the issues addressed in the scientific publications. All variables 

(except for X2 and X14) consist of two categories—“yes” and “no”—which were 

assigned the values of 1 when the phenomenon occurs and 0 when it does not. 

 

The following variables and their categories were adopted for the study: 

 

X1 – the release year 2023 or later; 

X2 – methodology (X2:1 – based on data; X2:2 – case study; X2:3 – survey; X2:4    

     – literate review); 

X3 – country;  

X4 – region;  

X5 – large enterprise; 

X6 – service; 

X7 – the authors' continent of origin (Europe);  

X8 – the authors' continent of origin (North America); 

X9 – the authors' continent of origin (Latin America); 

X10 – the authors' continent of origin (Asia and Australia); 

X11 – the authors' continent of origin (Africa); 

X12 – developing countries; 

X13 – developed countries;  

X14 – main scope of article (X14:1 – strategy for the transition to RES; X14:2 –  

          the financial aspect of the green transformation; X14:3 – review of  
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        technologies; X14:4 – methods of measuring the effectiveness of  

        transformation); 

X15 – subsidies as a mechanism supporting the green transformation; 

X16 – guaranteed subsidies as a mechanism supporting the green transformation; 

X17 – investment subsidies as a mechanism supporting the green transformation; 

X18 – foreign cooperation stimulates the green transformation; 

X19 – strategy for the transition to RES; 

X20 – tariffs as a mechanism supporting the green transformation; 

X21 – tax relief as a mechanism supporting the green transformation; 

X22 – legal regulations as a mechanism supporting the green transformation; 

X23 – investment as a mechanism supporting the green transformation; 

X24 – financial penalties as a green transformation tool; 

X25 – technological solutions supporting the green transformation; 

X26 – green transformation technologies are costly; 

X27 – financial barriers hinder the green transformation. 

 

Correspondence analysis was performed on the basis of the Burt matrix (Greenacre, 

1984; 2007; Greenacre and Hastie, 1987) with dimensions of 57 × 57, created from 

27 variables whose categories were defined above. The dimension of the actual co-

occurrence space was 31, and it was determined based on the formula: 

 

 
(1) 

 

where: Jq – number of categories of variable q (q = 1, 2, …, Q), Q – number of 

variables. 

 

This dimension is very high, making it impossible to visualize the connections 

between categories in a K-dimensional space. A generally accepted solution is to 

project points onto a lower-dimensional space in such a way that the loss of 

information about the co-occurrence of variable categories is minimal. The selection 

of this best space for presenting results is based on the level of total inertia and, 

therefore, is related to the determined eigenvalues, or principal inertias (Stanimir, 

2005). The size of the projection space is most often determined based on the value 

of the inertia contribution of the selected dimension to the total inertia: 

 

 
(2) 

 

where:  

 – selected projection dimension ( ), 

 – eigenvalue of the k-th dimension ( ), 

 – total inertia equal to the sum of the eigenvalues of all dimensions      

( ). 
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The measure  is normalized within the range from 0 to 1. When its value 

approaches 1, it indicates that the sum of the principal inertias of the selected 

projection space is close to the total inertia. 

 

In the next step, the extent to which the eigenvalues of the lower-dimensional space 

explain the total inertia (λ = 1.1923) was examined. For this purpose, Greenacre’s 

criterion was applied, according to which only principal inertias greater than 

 are considered significant for the analysis. To enhance the quality 

of representation, the eigenvalues were modified following Greenacre’s (1984) 

approach, as follows: 

 

 
(3) 

 

where: 

Q – the number of analyzed variables, 

λₖ – the k-th eigenvalue (k = 1, 2, …, K), 

σₖ – the k-th singular value of the Burt matrix (B). 

 

      4.   Research Results and Discussion 

 

4.1 Results 

 

The original and modified eigenvalues, together with the proportion of total inertia 

explained, are presented in Table 1. The table includes the following: singular values 

(γₖ), eigenvalues (λₖ), the proportion of total inertia (λ) explained by the eigenvalue 

of the k-th dimension (λₖ/λ · 100%), and the cumulative proportion of total inertia 

explained by the eigenvalues in the k-dimensional space (τₖ · 100%). In Table 1, the 

results for K>12 were omitted, because for these dimensions the main inertias were 

not higher than 1/Q = 1/27 = 0.0370 (Greenacre criterion), rendering these 

dimensions irrelevant to the analysis. 

 

Table 1. Singular values and eigenvalues with the degree of total inertia explained 

in the original and modified versions 
K Singular 

values  

Eigenvalues 

 

     

1 0,4012 0,1610 13,5014 13,5014 14,3029 20,8229 20,8229 

2 0,3374 0,1139 9,5490 23,0504 9,7305 14,1662 34,9891 

3 0,2834 0,0803 6,7379 29,7883 6,5473 9,5319 44,5210 

4 0,2772 0,0768 6,4445 36,2328 6,2199 9,0552 53,5762 

5 0,2670 0,0713 5,9792 42,2120 5,7031 8,3028 61,8791 

6 0,2537 0,0643 5,3968 47,6087 5,0607 7,3676 69,2467 

7 0,2431 0,0591 4,9562 52,5650 4,5787 6,6660 75,9127 

8 0,2329 0,0543 4,5509 57,1158 4,1386 6,0252 81,9379 
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9 0,2191 0,0480 4,0259 61,1417 3,5742 5,2036 87,1415 

10 0,2144 0,0460 3,8567 64,9984 3,3938 4,9409 92,0824 

11 0,1970 0,0388 3,2565 68,2549 2,7611 4,0197 96,1021 

12 
0,1946 0,0379 3,1763 71,4312 2,6774 3,8979 100,000

0 

        

Source: Authors’ own research. 

 

To select the optimal dimension of the projection space, the Sourial et al. (2010) 

principle was used, according to which the contribution of inertia for the selected 

dimension to the total inertia ( ) should be greater than 70%. Therefore, a seven-

dimensional projection space was assumed to be optimal.  

 

However, adopting a high-dimensional projection space prevents visualization of 

these connections. A solution to this problem can be the use of Ward's method4, 

which allows for the determination of connections between variants in a projection 

space with dimensions higher than three. New coordinate values in the seven-

dimensional space for the variable categories were determined using the formula: 

 

 (4) 

 

where: 

 – matrix of new coordinate values for variable categories (dimensions 57×7), 

 – matrix of original coordinate values for variable categories (dimensions 57×7), 

 – diagonal matrix of inverse singular values (dimensions 7×7), 

 – diagonal matrix of modified eigenvalues (dimensions 7×7). 

 

The results of group formation are presented in Figure 7. 

 

The horizontal line on the dendrogram, drawn at the linkage distance of 8.25, 

indicates the stage at which the merging of clusters was discontinued. As a result, 

three groups were identified: 

 

Group I: includes publications that most frequently focus on strategies aimed at 

transitioning to renewable energy sources. These studies concern large service-sector 

firms and address issues related to subsidies, feed-in tariffs, and investment grants as 

mechanisms supporting green transformation. In addition, attention is given to tax 

incentives as instruments facilitating the green transformation. The articles, which 

are typically empirical or review-based in nature, most often focus on Asia (e.g., 

 
1The Ward method is one of the agglomerative clustering techniques. It is applied in 

empirical research for the classification of both objects and features. In this method, the 

distance between clusters is defined as the absolute difference between the sums of squared 

distances of points from the centroids of the clusters to which those points belong 

(Kaufman and Rousseeuw, 2005; Eszergár-Kiss and Caesar, 2017). 
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Taiwan) and Europe (e.g., Poland). 

Group II: contains articles related to the review of green technologies in countries in 

the Americas, Africa, Asia, and Australia. They were published in 2022 or earlier. 

They are most often research-based or include case studies. Analyses based on 

statistical data often cover the entire world. 

Group III: concerns both developed and developing countries and regions of 

Europe. 

 

Figure 7. Diagram of hierarchical classification of categories of variables made 

using Ward's method  

 
Source: Authors’ own research. 

 

The main objectives of the publications are: strategies for transitioning to renewable 

energy sources; financial aspects of the green transformation; and methods for 

assessing the effectiveness of the transition.  

 

The studies also address topics related to international cooperation, legal 

frameworks, investments, and financial barriers hindering the green transformation. 

Most of these articles are research-based (based on statistical data) and, less 

frequently, review-based. Less than 8% are based on surveys. These were published 

in 2023 or later. The articles often address issues related to the European Union and 

its individual member states (e.g., Poland, Germany, Portugal, France, Slovakia, and 

Hungary). 

 

5.   Discussion 

 

In this article, based on a literature review, the current state of research on renewable 
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and green transformation was analyzed and diagnosed. The main thematic areas, 

authors’ country affiliations, the most frequently used keywords, and the number of 

scientific publications in this field between 2006 and 2025 were examined. 

 

A similar approach was taken by Valache-Dărîngă, Ciurea, and Popescu (2025), who 

conducted a systematic bibliometric analysis of the green transformation in the 

context of sustainable development. The analysis covered 1,014 peer-reviewed 

scientific publications from the Scopus database, spanning the years 1990–2024. The 

results indicate a sharp increase in the number of studies after 2015, with a peak 

observed in 2024 (360 publications).  

 

The most active countries in this research area are China, Italy, and the Russian 

Federation, while a growing contribution from Central and Eastern European 

countries is also evident within scientific collaboration networks. Among the most 

influential authors are Mahmood Haider and Fabio Iraldo, whereas the journals with 

the highest publication frequency include the Journal of Cleaner Production, 

Sustainability (Switzerland), and Ecological Economics. 

 

Another similar study by Bhattarai et al. (2022), analyzed 248 academic publications 

from the years 2000–2021, identifying the key determinants of energy transition. 

Among the most frequently cited factors were public policy, technological progress, 

economic stability, and social aspects such as public acceptance of new 

technologies. The authors also highlighted major challenges, including energy 

storage, transition costs, and the stability of energy systems based on renewable 

energy sources. 

 

Kozar and Sulich (2023) conducted a bibliometric analysis of literature on the green 

transformation of the energy sector from the perspective of sustainable development. 

Their work organizes existing knowledge on the role of renewable energy in the 

transformation process and adopts an interdisciplinary approach, considering 

technological, economic, social, and environmental aspects. Special emphasis was 

placed on the role of innovation and eco-innovation in shaping long-term structural 

changes in the energy sector. 

 

Serrano and Zaveri (2020), on the other hand, analyzed the diversity of definitions of 

the term "green energy transformation," highlighting the lack of a clear and 

standardized understanding of this concept in literature. Their review shows that 

interpretations vary depending on geographical context, level of economic 

development, and political orientation.  

 

The dominant view in the research is that the key enablers of green transformation 

include income levels, government policies, and regulatory frameworks. The authors 

emphasize the need to standardize terminology and research methodologies to 

facilitate comparisons across studies and the development of more effective public 

policies. 
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Another important research direction is presented by Kumar et al. (2023) authors 

focus on the links between the development of renewable energy sources and the 

circular economy. The paper highlights the potential synergy between these two 

concepts, suggesting that their integration could significantly accelerate the 

economic transformation toward sustainability.  

 

It also identifies key barriers to implementing integrated solutions, including 

insufficient investment, lack of infrastructure, and low public awareness. In 

conclusion, the authors stress the need to develop business and policy models that 

support the integration of renewable energy with circular economy principles. 

 

Against this background, the three groups of publications identified in the present 

study enable an in-depth interpretation of literature through the identification of 

distinct yet complementary conceptual logics of energy transition. Group I focuses 

on the role of investment subsidies, feed-in tariffs, and tax instruments as key tools 

supporting the green transformation, particularly regarding large economic entities.  

 

These findings are consistent with the results reported by Azhgaliyeva et al. (2024) 

as well as by Lin and Xie (2024), who demonstrated that feed-in tariffs (FIT/FiT) 

significantly increase investments in renewable energy sources, while their 

effectiveness depends on technology type, firm size and age, as well as the 

institutional environment.  

 

At the same time, studies by Johnston (2019) and Bai et al. (2021) indicate that the 

form of support (e.g., tax incentives versus direct subsidies) and firm scale affect 

subsidy effectiveness, often favoring larger and more established entities. This, in 

turn, confirms the crucial role of the state in designing instruments that reduce 

investment risk in the green transformation. 

 

Group II represents a stream of research focused on the diffusion and review of 

green technologies in diverse regional conditions, with particular emphasis on non-

European areas. Energy transition is not possible without technological change. 

Mensah et al. (2019) and Tsoni et al. (2022) in independent studies, demonstrated 

that the effects of technological eco-innovations on green growth are strongly 

differentiated across regions and sectors, and that their impact depends, inter alia, on 

economic structure, fiscal and environmental policy frameworks, and patterns of 

technological specialization.  

 

Patent analyses also reveal significant disparities in the development of eco-

innovations between global technological leaders, emphasizing the dominance of 

technologies related to environmental management and energy, with a relatively 

weak development of adaptive technologies (Urbaniec, Tomala and Martinez, 2021). 

The results of bibliometric studies and regional analyses further highlight the 

growing role of Asia, particularly China, in the global development of green 

technologies, while the innovation gap in African countries persists, which limits the 
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effectiveness of the energy transition on a global scale (Abraham Mahanga Tsoni, 

Massonini Ngoma and Meng, 2022; Ravi and Palaniappan, 2025). 

 

Group III comprises publications addressing both developed and developing 

countries, mainly in the European context, which focus on strategies for transition to 

renewable energy sources (Piekut, 2024; Brodny, Tutak and Grebski, 2025; Dincă, 

Netcu and Ungureanu, 2025), financial aspects of the green transformation (Horky 

and Fidrmuc, 2024; Smeets Křístková et al., 2025; Wen et al., 2025) and methods 

for assessing its effectiveness. These studies also address issues related to the legal 

framework, investments, financial barriers and international cooperation that may 

limit or support the energy transition process (Caldés et al., 2018; Tedeschini, Tuerk 

and Frieden, 2023). 

 

As a result, the proposed division into three groups of publications serves not only 

an organizing function but also enables a synthetic understanding of the dominant 

approaches to green transformation in the literature. This analysis indicates that 

research on green transformation consistently emphasizes the importance of the 

coexistence of technological development, public policies, and financial instruments 

such as subsidies, tax breaks, and investments. 

 

In this way, the article fulfills its research objective by providing a coherent 

overview of the current state of knowledge on the role of renewable energy sources 

in the green transformation of economies, identifying the main research trends and 

thematic clusters, and illustrating how financial mechanisms are examined as factors 

shaping the pace and directions of this process. The results obtained also constitute a 

response to the formulated research questions, presenting the evolution of research 

over the period 2006–2025, the dominant thematic streams, and the significance of 

financial instruments in the literature on green transformation. 

 

          6.   Conclusions, Proposals, Recommendations 

 

The conducted study provides an in-depth synthesis of the current state of 

knowledge on the transformation toward sustainable development, emphasizing the 

role of renewable energy sources as a key driver of this change. The applied 

analytical methods – keyword co-occurrence analysis (VOSviewer), MCA, and 

hierarchical clustering using Ward’s method – enabled a comprehensive and 

multidimensional examination of the research structure and the main directions of 

development in green transformation studies. 

 

The three identified thematic clusters – renewable energy technologies, EU energy 

policy and security, and sustainable development and energy transition – 

demonstrate that research in this field encompasses both technological and socio-

institutional dimensions. The three groups of publications reveal the diversity of 

research approaches: from analyses of financial mechanisms and support 

instruments, through reviews of green technologies in non-European countries, to 
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studies on strategies and financing of the transformation in Europe. The results 

indicate that the global scientific discourse focuses on three main axes: renewable 

energy transition strategies, financial and technological aspects, and methods for 

assessing transformation efficiency. 

 

A novel contribution of this study lies in the systematic inclusion of the financial 

dimension in research on the green transformation – previously underrepresented in 

literature reviews. This approach enhances understanding of the interrelations 

between financing, public policies, and technological innovation, uncovering the 

economic foundations and dynamics of change in the energy sector. 

 

However, studying has certain limitations. It is based solely on English-language 

publications indexed in the Web of Science database, which may omit valuable local 

or non-English studies. Another limitation arises from the use of a uniform set of 

keywords during data collection, potentially excluding research employing 

alternative terminology to describe similar phenomena. 

 

Future research directions should include comparative regional and sectoral analyses 

integrating technological, financial, and social aspects. Emphasis should be placed 

on exploring the relationships between technological innovations, financing 

instruments, and regulatory mechanisms that support the transition to a low-carbon 

economy. 

 

The findings carry significant practical implications for a wide range of 

stakeholders. For policymakers, they provide a solid basis for designing coherent, 

effective, and financially sustainable energy and climate strategies. Financial 

institutions and investors may use these insights to better understand the evolution of 

green finance and assess the economic viability of renewable energy investments.  

 

For the academic community, the results help define future research paths focused 

on the interplay between technology, policy, and financial mechanisms. Finally, for 

society, they highlight the importance of renewable energy as a cornerstone of a fair, 

inclusive, and sustainable energy transition. 

 

Based on the literature review, three scenarios are proposed: the first, research on 

new energy sources and green transformation instruments in the energy market; the 

second, research on innovations and the innovation market in the context of their 

impact and interconnections with the energy market and the green transformation of 

economies; and the third, research on the financial market and state budget policy in 

the context of the dynamics and structure of changes in financial instruments and 

their availability, public support systems in the context of the design of tax 

instruments supporting the green transformation, and a discussion on the role of fees, 

taxes, subsidies, and the directions of public funds redistribution policy.  

 

As a result, the following recommendations can be formulated: public policies 
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(redistribution, fiscal, socio-economic, innovation support, energy policy) should be 

aligned and consistent with the strategic assumptions of financial institutions and the 

corporate sector regarding green transformation.  

 

They should intersect in terms of goals and objectives, support economic and social 

inclusion, and eliminate factors limiting the development of renewable energy 

sources, innovation, and progress in the green transformation. The role of education 

policy in the context of understanding the need for green transformation should also 

be emphasized here. 
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