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Abstract

Research on the relationships among green finance, renewable energy, and economic 
development has expanded rapidly in recent years; however, the intellectual structure, 
collaboration patterns, and thematic evolution of this interdisciplinary field remain in-
sufficiently understood. This study addresses this gap by conducting a comprehensive 
bibliometric analysis of publications indexed in the Web of Science Core Collection 
using VOSviewer and Biblioshiny, the web interface of the bibliometrix R package. 
The analytical framework integrates performance analysis with science mapping tech-
niques, including keyword co-occurrence, citation, co-citation, bibliographic coupling, 
thematic mapping, and thematic evolution analyses. The findings reveal substantial 
growth in scientific production and increasing international collaboration, while 
identifying an intellectual foundation primarily shaped by studies on econometric 
methodologies, the relationships between economic growth and environmental sus-
tainability, and the integration of green finance with energy economics. Four major 
research streams emerge: green financial instruments and markets; the finance, growth, 
and emissions nexus; renewable energy transition and policy; and advanced quantita-
tive modeling approaches. Thematic evolution further indicates that, although green 
finance, renewable energy, and sustainable development remain the core research 
themes, emerging topics such as digital finance and the digital economy are receiving 
increasing scholarly attention. By providing a comprehensive knowledge map of the 
field, this study contributes to a better understanding of its intellectual foundations, 
conceptual development, and future research directions, while offering valuable in-
sights for researchers and policymakers seeking to promote sustainable finance, renew-
able energy transition, and long-term economic development.
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INTRODUCTION

 Green finance plays a significant role in promoting renewable energy 
development and supporting sustainable economic growth (Lee et al., 
2023; Sinha et al., 2025). In the context of increasing environmental 
degradation and climate change, achieving both economic sustain-
ability and environmental protection has become a critical concern for 
policymakers and scholars (Kumar et al., 2024). As economies move 
closer to green and climate-resilient development trajectories, the re-
lationship between green finance, renewable energy, and economic 
development has become important for achieving the sustainability 
targets articulated in the United Nations Sustainable Development 
Goals (SDGs). Green finance facilitates the allocation of capital to en-
vironmentally sustainable investments and supports renewable ener-
gy transitions, thereby contributing to environmental protection and 
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long-term economic development (Du et al., 2023; Xing et al., 2024; Zournatzidou, 2025). Policymakers 
are increasingly encouraged to integrate green financial instruments with renewable energy strategies 
to reduce CO

2
 emissions and achieve sustainable development outcomes (Yadav et al., 2024), reinforcing 

its role in the transition toward a low-carbon economy (Kaur & Negi, 2025).

Despite the growing body of literature, existing studies largely focus on bilateral relationships, such 
as the link between green finance and renewable energy or between renewable energy and economic 
growth. This fragmented approach limits a comprehensive understanding of the complex interactions 
among these domains (Tao & Chao, 2023). In response, bibliometric analysis has emerged as an effec-
tive method for systematically mapping scientific knowledge and identifying research trends (Duman 
et al., 2024). Although prior studies highlight the rapid growth of research in green finance and sustain-
ability (Jaishree & Dogga, 2025), comprehensive analyses examining the interplay among green finance, 
renewable energy, and economic development remain limited. 

1. LITERATURE REVIEW

Green finance has become a critical policy instru-
ment for promoting environmental sustainability 
by directing financial resources toward low-carbon 
investments, renewable energy development, and 
green technological innovation. Previous studies 
have shown that green finance contributes to im-
proving environmental quality, enhancing energy 
efficiency, and facilitating the transition to sustain-
able economic development through green invest-
ment and financial market mechanisms (Du et al., 
2023; Lee & Lee, 2022; Rasoulinezhad & Taghizadeh-
Hesary, 2022). At the same time, renewable energy 
has been widely recognized as a key driver of eco-
nomic growth and carbon emission reduction, rein-
forcing the role of integrating financial development 
with clean energy policies.

The growing academic interest in this area has led to 
the emergence of several review studies employing 
bibliometric methods. Existing bibliometric analy-
ses have examined research trends in green finance, 
sustainable development, renewable energy, and en-
vironmental sustainability, highlighting influential 
publications, collaboration networks, and emerg-
ing research themes (Donthu et al., 2021; Jaishree & 
Dogga, 2025; Kaur & Negi, 2025; Kumar et al., 2024; 
Tao & Chao, 2023). These studies have demonstrated 
the rapid expansion of green finance research and 
identified its increasing connections with environ-
mental governance, technological innovation, and 
sustainable development.

However, previous bibliometric studies have gener-
ally focused on individual topics such as green fi-

nance, sustainable development, or renewable en-
ergy, rather than examining the integrated research 
landscape linking green finance, renewable energy, 
and economic development. Consequently, the in-
tellectual structure, collaboration patterns, thematic 
evolution, and emerging research directions across 
these interconnected domains remain insufficiently 
explored. To address this gap, the present study con-
ducts a comprehensive bibliometric analysis using 
the Web of Science Core Collection and VOSviewer 
and Biblioshiny to provide a systematic knowledge 
map of the field, identify its major research streams, 
and suggest future research directions.

Accordingly, this study aims to (1) map publication 
trends and collaboration patterns in research con-
necting green finance, renewable energy, and eco-
nomic development; (2) identify the field’s intellec-
tual structure and major research themes; and (3) 
highlight emerging topics and directions for future 
research. Figure 1 presents the conceptual frame-
work used to organize the review of the relationships 
among green finance, renewable energy, and eco-
nomic development. It provides a conceptual basis 
for interpreting the bibliometric findings rather than 
a model for empirical hypothesis testing.

2. METHOD

2.1. Data collection

The Web of Science Core Collection (WoSCC) was 
used as the sole data source for this study. WoSCC 
was selected because its high-quality indexing, 
standardized bibliographic metadata, and com-
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prehensive cited-reference records provide a reli-
able foundation for citation-based bibliometric 
analysis. Furthermore, it is widely recognized as 
one of the most authoritative and frequently used 
databases in bibliometric research on sustainabil-
ity, environmental economics, and energy studies 
(Donthu et al., 2021; Tao & Chao, 2023). Using a 
single database also minimizes inconsistencies in 
document indexing and citation matching that 
may arise when integrating records from multiple 
bibliographic sources (Ramos & Rita, 2024).

The search strategy was designed to capture stud-
ies at the intersection of green finance, renewable 
energy, and economic development. A topic search, 
covering article titles, abstracts, author keywords, 
and keywords plus, was conducted on July 7, 2026, 
using the following query:

TS = ((“green finance” OR “sustainable finance” 
OR “climate finance” OR “low-carbon finance” OR 

“green bond” OR “green investment”) AND (“renew-

able energy” OR “clean energy” OR “energy tran-
sition”) AND (“economic development” OR “eco-
nomic growth” OR “sustainable development” OR 

“green growth”)).

The initial search retrieved 1.178 records. The data-
set was subsequently limited to English-language, 
peer-reviewed journal articles, resulting in a final 
sample of 1.091 publications published between 
2007 and 2026. No time restriction was applied to 
capture the field’s complete development. Figure 2 
presents the study selection process. Full records 
and cited references were exported in plain-text 
format for bibliometric analysis using VOSviewer.

2.2. Bibliometric analysis

 The bibliometric analysis combined performance 
analysis and science mapping to provide a com-
prehensive overview of the research field (Donthu 
et al., 2021). VOSviewer was used to construct and 
visualize keyword co-occurrence, citation, co-ci-

Source: Adapted from Mol and Spaargaren (2000), 

Romer (1990) and Lucas (1988). 

Figure 1. Conceptual framework of the interplay between green finance, renewable energy,  
and economic development

EEccoollooggiiccaall  MMooddeerrnniizzaattiioonn  TThheeoorryy  
(Mol & Spaargaren, 2000)
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Used to map the intellectual structure, research trends, collaboration networks, and emerging themes at the intersection of green 

finance, renewable energy, and economic development.
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tation, and bibliographic coupling networks (van 
Eck & Waltman, 2010). Biblioshiny, the web inter-
face of the bibliometrix R package, was used for 
descriptive performance analysis and to generate 
the three-field plot, thematic map, thematic evolu-
tion, and trend-topic analyses (Aria & Cuccurullo, 
2017). These complementary tools supported the 
examination of the field’s conceptual structure, 
intellectual foundations, influential publications, 
and emerging research themes.

Specifically, keyword co-occurrence analysis was 
used to identify the conceptual structure of the re-
search domain, while citation analysis identified 
influential publications through direct citation 
relationships. Co-citation analysis was conducted 
to reveal the intellectual foundations of the field 
by identifying references that are frequently cited 
together, whereas bibliographic coupling analy-
sis captured emerging research fronts by linking 
documents sharing common references. Prior to 
network construction, keyword normalization 
was performed using the VOSviewer thesaurus 
function to merge synonymous terms, standard-
ize spelling variations, and minimize network 
fragmentation.

The keyword co-occurrence network was gener-
ated using a minimum occurrence threshold of 
10, resulting in 118 keywords. Co-citation analysis 
retained 191 cited references, while bibliograph-
ic coupling included 333 connected documents. 
Collectively, these complementary analyses pro-
vide a comprehensive understanding of the evolu-
tion of the research field by identifying its concep-
tual structure, intellectual foundations, influential 
studies, and emerging research directions.

3. RESULTS

3.1. Publication trends

Figure 3 illustrates the annual publication trends 
in research on the relationships among green fi-
nance, renewable energy, and economic develop-
ment during the study period. The results indicate 
an overall upward trend in scientific publications, 
reflecting the growing academic interest in this 
interdisciplinary field. Although the number of 
publications remained relatively limited during 
the early years, research output began to acceler-
ate after 2020 and experienced particularly rapid 

Figure 2. PRISMA flow diagram
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growth from 2022 onward. This upward trend 
suggests that the integration of green finance, re-
newable energy, and sustainable economic devel-
opment has become an increasingly important 
research agenda in response to global concerns 
regarding climate change, energy transition, and 
sustainable development.

The observed growth in publication output also re-
flects the expanding recognition of green finance 
as a critical mechanism for supporting renewable 
energy investment and facilitating sustainable 
economic transformation. The increasing volume 
of publications demonstrates that the field has 
evolved from an emerging research topic into a 
well-established area of interdisciplinary inquiry, 
attracting contributions from economics, finance, 
energy, environmental science, and public policy. 
Overall, the publication trend confirms the rapid 
development of this research domain and pro-
vides a foundation for subsequent analyses of col-

laboration networks, influential publications, and 
thematic evolution.

3.2. Leading countries

Table 1 presents the top 15 countries in terms of 
scientific production, measured by author-coun-
try frequencies. China ranked first with 1,170 
author appearances, far exceeding Türkiye (188), 
which ranked second. India and Pakistan shared 
third place with 144 appearances each, followed by 
Saudi Arabia (96), Malaysia (83), and Vietnam (81). 
The United Kingdom (67) and the United States 
(45) were the only high-income Western countries 
among the top ten contributors, while Poland (47), 
South Korea (44), Azerbaijan (42), Australia (41), 
Italy (38), and Tunisia (38) also demonstrated ac-
tive participation in this research field.

The geographical distribution of scientific produc-
tion indicates that research on green finance, re-

Figure 3. Annual scientific production

Table 1. Top 15 countries by scientific production

Rank Country Frequency Rank Country Frequency

1 China 1,170 9 Poland 47

2 Türkiye 188 10 USA 45

3 India 144 11 South Korea 44

4 Pakistan 144 12 Azerbaijan 42

5 Saudi Arabia 96 13 Australia 41

6 Malaysia 83 14 Italy 38

7 Vietnam 81 15 Tunisia 38

8 UK 67
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newable energy, and economic development has 
attracted broad international interest, with Asian 
countries accounting for the largest share of pub-
lications. The leading positions of China, Türkiye, 
India, Pakistan, Malaysia, and Vietnam suggest 
that these countries have become important con-
tributors to the literature, reflecting increasing ac-
ademic attention to sustainable finance, renewable 
energy development, and economic transition. At 
the same time, the presence of countries from 
Europe, North America, and Oceania among the 
leading contributors demonstrates that this re-
search field has developed into a globally relevant 
area of interdisciplinary inquiry.

3.3. Leading authors

Figure 4 presents the ten most productive authors 
in the field of green finance, renewable energy, and 
economic development. Chien-Chiang Lee ranked 
first with 16 publications, followed by Arshian 
Sharif (13) and Farhad Taghizadeh-Hesary (10). 
Abraham Deka contributed 9 publications, while 
Kangyin Dong, Huseyin Ozdeser, and Tetyana 
Pimonenko each published 7 articles. The remain-
ing positions were occupied by Sahar Afshan, 
Daniel Balsalobre-Lorente, and Muhammad Irfan, 
with 6 publications each, indicating the presence 
of a relatively active group of scholars contribut-
ing to this research area.

The distribution of author productivity suggests 
that scientific output is concentrated among a 
limited number of researchers who have made 
substantial contributions to the development of 
the field. In addition to being the most produc-
tive author, Chien-Chiang Lee also produced the 
most influential publication in the dataset, with 

“How does green finance affect green total factor 
productivity? Evidence from China” receiving 
1,022 global citations (Lee & Lee, 2022). Similarly, 
Farhad Taghizadeh-Hesary is among the leading 
contributors in terms of publication output and 
co-authored one of the most highly cited stud-
ies on the role of green finance in improving en-
ergy efficiency and renewable energy development 
(Rasoulinezhad & Taghizadeh-Hesary, 2022). 
These findings indicate that a relatively small group 
of authors has played a prominent role in shaping 
the development of research on green finance, re-
newable energy, and economic development.

To further explore the relationships among influ-
ential references, productive authors, and major 
research themes, a three-field plot was construct-
ed (Figure 5). The results reveal strong linkages 
between highly cited references, leading authors, 
and frequently occurring keywords, particularly 
those related to green finance, renewable energy, 
and economic growth. These connections dem-
onstrate a well-integrated intellectual structure in 

Figure 4. Most relevant authors
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which influential scholars have contributed to the 
development of the core research themes within 
the field.

3.4. Leading journals

Figure 6 presents the ten most productive journals 
in green finance, renewable energy, and econom-
ic development. Collectively, these journals pub-
lished 429 articles, representing approximately 39% 
of the total dataset. Renewable Energy ranked first 
with 72 publications, followed by Environmental 

Science and Pollution Research (63), Sustainable 
Development (56), Sustainability (55), and 
Resources Policy (47). The other leading journals 
were Journal of Environmental Management (31), 
Energy Economics (30), Energies (27), Frontiers 
in Environmental Science (27), and Journal of 
Cleaner Production (21).

The distribution of publications across these jour-
nals reflects the interdisciplinary nature of re-
search on green finance, renewable energy, and 
economic development. The prominence of jour-

Figure 5. Three-field plot linking co-cited references (CR), authors (AU), and keywords (KW)

Figure 6. Most relevant sources
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nals specializing in renewable energy, environ-
mental science, sustainability, and environmen-
tal economics indicates that the field integrates 
perspectives from multiple disciplines. Although 
Renewable Energy published the largest number 
of articles, scientific output remains distributed 
across several high-impact journals, suggesting 
that this research area continues to evolve through 
contributions from diverse academic disciplines 
and publication outlets.

3.5. Highly cited documents

Table 2 presents the ten most globally cited publi-
cations in the field. Lee and Lee (2022), published 
in Energy Economics, ranked first with 1,022 glob-
al citations, followed by Irfan et al. (2022) with 684 
citations. Zhou et al. (2020), Jiakui et al. (2023), 
Rasoulinezhad and Taghizadeh-Hesary (2022), and 
Li and Umair (2023) also recorded exceptionally 
high citation counts, each receiving more than 490 
citations. While earlier publications generally accu-
mulated higher total citation counts, several recent 
studies published in 2022–2023 achieved outstand-
ing citations per year and normalized citation scores, 
indicating their rapid academic influence.

The most highly cited publications primarily ex-
amine the relationships among green finance, 
renewable energy, environmental quality, and 
economic development using advanced econo-
metric methods. Many of these studies focus on 
China or multi-country panel datasets, reflect-
ing the growing emphasis on empirical evidence 
in understanding sustainable development 
pathways. Their high citation impact suggests 
that these publications have provided important 
theoretical and empirical foundations for subse-
quent research in this field.

Figure 7 illustrates the document citation net-
work among the retrieved publications. Several 
highly cited studies, particularly Lee and Lee 
(2022), Rasoulinezhad and Taghizadeh-Hesary 
(2022), Zhou et al. (2020), and Jiakui et al. (2023), 
occupy central positions within the network, in-
dicating their important roles in knowledge dif-
fusion and the development of major research 
themes. The network also reveals several inter-
connected citation clusters, suggesting that the 
literature has evolved around multiple, closely 
related research streams.

Table 2. Ten most globally cited documents

Document Article title Total 

citations
Citations 
per year

Normalized 

citations
Lee and Lee (2022), 

Energy Economics

How does green finance affect green total factor 
productivity? Evidence from China 1,022 204.4 11.40

Irfan et al. (2022), 
Technological Forecasting 

and Social Change

Influence mechanism between green finance and green 
innovation: Exploring regional policy intervention effects 
in China

684 136.8 7.63

Zhou et al. (2020), 

Environmental Science 

and Pollution Research

Impact of green finance on economic development and 
environmental quality: a study based on provincial panel 
data from China

540 77.1 3.54

Jiakui et al. (2023), 

Journal of Cleaner 

Production

Green technological innovation, green finance, and 
financial development and their role in green total factor 
productivity: Empirical insights from China

533 133.2 10.14

Rasoulinezhad and 

Taghizadeh-Hesary 

(2022), Energy Efficiency

Role of green finance in improving energy efficiency and 
renewable energy development 498 99.6 5.56

Li and Umair (2023), 

Renewable Energy
Does green finance development goals affects renewable 
energy in China

495 123.8 9.42

Ren et al. (2020), Journal 

of Cleaner Production

Nexus between green finance, non-fossil energy use, and 
carbon intensity: Empirical evidence from China based on 
a vector error correction model

404 57.7 2.65

Liao and Shi (2018), 

Energy Policy

Public appeal, environmental regulation and green 
investment: Evidence from China 376 41.8 4.09

Yang et al. (2021), 

Resources Policy
Nexus between green finance, fintech, and high-quality 
economic development: Empirical evidence from China 367 61.2 4.34

Madaleno et al. (2022), 

Energy Economics

A step forward on sustainability: The nexus of 
environmental responsibility, green technology, clean 
energy and green finance

325 65.0 3.63
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3.6. Keyword co-occurrence analysis

Figure 8 illustrates the keyword co-occurrence 
network generated from 118 keywords with a min-
imum occurrence threshold of 10. The results show 
that renewable energy (475 occurrences), green fi-
nance (421), and economic growth (350) form the 
conceptual core of the research field. Other fre-
quently occurring keywords include carbon diox-
ide emissions (268), sustainable development (186), 
financial development (121), and carbon emissions 
(120), highlighting the central role of environmen-
tal sustainability in the existing literature.

The keyword network is organized into five the-
matic clusters, reflecting the major research direc-
tions within the field. The first cluster focuses on 
green financial instruments, climate finance, and 
financial markets. The second centers on green 
finance, renewable energy transition, sustainable 
development, and technological innovation. The 
third primarily addresses environmental qual-
ity, carbon emissions, and the environmental 
Kuznets curve. The remaining clusters include ad-
vanced econometric methods and contextual top-
ics related to developing countries and energy sys-
tems. Collectively, these clusters demonstrate that 

Figure 7. Document citation network

Figure 8. Keyword co-occurrence network
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research is structured around the interconnected 
themes of green finance, renewable energy, eco-
nomic growth, and environmental sustainability.

Figure 9 presents the overlay visualization of the 
keyword co-occurrence network based on the 
average publication year. The visualization indi-
cates that topics such as ecological footprint, for-
eign direct investment, financial technology, and 
advanced econometric methods have appeared 
more frequently in recent years, suggesting that 
the literature is increasingly incorporating digital 
finance, environmental performance, and more 
sophisticated analytical approaches.

3.7. Co-citation analysis

Figure 10 presents the co-citation network of the 
191 cited references that met the minimum cita-
tion threshold. The network reveals four major 
clusters representing the intellectual foundations 
of the research field. The largest cluster is domi-
nated by methodological studies on panel econo-
metric techniques, including cross-sectional de-
pendence, panel cointegration, and unit-root test-
ing. A second cluster consists of influential studies 
examining the relationships among green finance, 
renewable energy, and environmental sustainabil-
ity. The remaining clusters encompass research re-
lated to renewable energy finance, resource policy, 

green bonds, and sustainable finance, reflecting 
the diversity of the field’s intellectual foundations.

The co-citation structure demonstrates that research 
on green finance, renewable energy, and economic 
development is supported by both methodologi-
cal and empirical contributions. The prominence 
of econometric references alongside highly cited 
empirical studies indicates that robust quantitative 
methods have played an important role in advancing 
this research area. Collectively, the four clusters pro-
vide the theoretical and methodological foundations 
upon which subsequent studies have been developed.

3.8. Bibliographic coupling analysis

Figure 11 presents the bibliographic coupling net-
work of 333 connected documents, illustrating the 
current research fronts in the field. The analysis iden-
tifies five major clusters. The largest cluster focuses 
on the interactions among green finance, renewable 
energy, green innovation, and economic growth. The 
remaining clusters address topics related to environ-
mental quality, climate finance, energy transition, re-
source management, and energy poverty, highlight-
ing the breadth of contemporary research.

Compared with the co-citation network, biblio-
graphic coupling reflects the intellectual connec-
tions among recent publications rather than the 

Figure 9. Keyword co-occurrence overlay by average publication year
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foundational literature. The results indicate that 
current research has expanded beyond the tra-
ditional relationships among finance, economic 
growth, and environmental emissions to incor-
porate themes such as climate finance, natural 
resource management, and the socio-economic 
dimensions of sustainable development. This pat-
tern suggests an increasingly diversified and inter-
disciplinary research landscape.

3.9. Thematic analysis

Figure 12 presents the thematic map based on 
the centrality–density framework, while Figure 
13 illustrates the thematic evolution of the re-
search field across three time periods. Together, 
these analyses provide an overview of the matu-
rity and evolution of the major research themes.

Figure 10. Co-citation network of cited references

Figure 11. Bibliographic coupling network of documents
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The thematic map identifies renewable energy 
transition, green economic growth, and advanced 
econometric methods as well-developed motor 
themes. The main basic themes include green fi-
nance, renewable energy, sustainable develop-
ment, environmental sustainability, and techno-
logical innovation, confirming their central roles 
in the literature. In contrast, green bonds, climate 
change, and the Sustainable Development Goals 
(SDGs) appear as emerging or evolving themes.

The thematic evolution analysis shows that re-
search has gradually expanded over time. During 
2007–2023, studies mainly focused on economic 
growth, energy, renewable energy, and environ-
mental quality. Between 2024 and 2025, research 
broadened to include clean energy, policy, and 
panel data. In the most recent period (2026), great-
er attention was given to renewable energy, carbon 
dioxide emissions, cointegration, countries, and 
sustainable development, reflecting the contin-
ued development of cross-country studies and ad-
vanced econometric applications.

3.10. Trend topics

Figure 14 presents the temporal evolution of re-
search topics by identifying the periods in which 
author keywords reached their highest promi-
nence. The results show that the research field has 
evolved from an initial focus on energy, economic 
growth, and environmental quality toward broad-
er themes related to green finance, renewable en-
ergy, and sustainable development. More recently, 
the literature has expanded to include green in-
vestment, foreign direct investment, financial de-
velopment, and environmental performance, re-
flecting the increasing integration of financial and 
environmental perspectives.

Recent trend topics highlight growing attention 
to energy transition, digital finance, financial 
technology (FinTech), ecological footprint, and 
advanced econometric techniques such as cross-
sectional dependence and cointegration. These 
trends indicate the continued diversification of 
research themes and the increasing application of 

Figure 12. Thematic map
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digital finance and advanced quantitative meth-
ods in studies of renewable energy and sustainable 
economic development.

4. DISCUSSION 

4.1. Development and intellectual 
structure of the field

The bibliometric findings demonstrate that re-
search on the nexus between green finance, re-
newable energy, and economic development has 

developed rapidly into a well-established interdis-
ciplinary research field. The remarkable growth 
in publications after 2022 reflects increasing aca-
demic and policy interest in understanding how 
financial mechanisms can facilitate energy transi-
tion and sustainable economic development. This 
expansion is consistent with Jaishree and Dogga 
(2025), who documented substantial growth in 
research on green finance and sustainable devel-
opment during 2010–2024. While their review 
addressed the broader finance–sustainability re-
lationship, the present study focuses specifically 
on the intersection of green finance, renewable 

Figure 13. Thematic evolution across the periods 2007–2023, 2024–2025, and 2026

Figure 14. Trend topics
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energy, and economic development. At the same 
time, the citation, co-citation, and bibliographic 
coupling analyses reveal a relatively stable intel-
lectual structure built around a small group of 
highly influential studies. These seminal publica-
tions have established the empirical and method-
ological foundations of the field, with subsequent 
research largely extending their analytical frame-
works to different countries, datasets, and policy 
contexts. The substantive focus of these influential 
studies helps explain the connections observed in 
the present analysis. Lee and Lee (2022) examined 
green finance and green total factor productivity, 
Zhou et al. (2020) investigated its relationships 
with economic development and environmen-
tal quality, and Rasoulinezhad and Taghizadeh-
Hesary (2022) examined energy efficiency and re-
newable energy development. The present review 
complements these empirical contributions by 
mapping how their research themes are connect-
ed within the wider literature. Collectively, these 
findings suggest that the literature has evolved 
through cumulative knowledge development, 
with recent studies extending established theo-
retical and empirical foundations across different 
contexts.

Another notable characteristic of the field is its 
strong geographical concentration. China has 
emerged as the dominant contributor, followed by 
several rapidly developing economies, including 
Türkiye, India, Pakistan, Malaysia, and Vietnam. 
China’s leading position is consistent with Jaishree 
and Dogga (2025), who also identified China as 
the largest contributor, followed by India and the 
United Kingdom. Differences in the prominence of 
other countries may reflect variations in research 
scope, database coverage, and publication periods 
between the two reviews. This pattern reflects the 
growing importance of green finance and renew-
able energy policies in countries undergoing rapid 
economic transformation and pursuing sustain-
able development objectives. By contrast, contri-
butions from Africa and Latin America remain 
comparatively limited, indicating that the current 
knowledge base is still concentrated in a relatively 
small number of geographical contexts. However, 
publication counts based on author affiliations in-
dicate the geographical distribution of scholarly 
participation and do not necessarily identify the 
countries investigated. The keyword, thematic, 

and bibliographic coupling analyses further show 
that research has become increasingly integrated 
around the core themes of green finance, renew-
able energy, economic growth, and environmental 
sustainability, while gradually expanding toward 
digital finance, climate-related risks, and energy 
transition. This thematic structure is consistent 
with Tao and Chao (2023), who identified green 
finance, economic growth, renewable energy, and 
CO₂ emissions as prominent keywords in their 
review of green finance and energy. The overlap 
suggests continuity in the field’s central concerns, 
while the present analysis provides an updated ac-
count of their connections and thematic develop-
ment within the selected three-domain intersec-
tion. Together, these findings indicate an increas-
ingly interconnected research field that continues 
to diversify through new research topics and in-
terdisciplinary perspectives.

4.2. Emerging research themes  
and methodological 
development

The thematic analyses indicate that the research 
field has gradually expanded beyond the tradi-
tional relationship between green finance, re-
newable energy, and economic growth toward a 
broader sustainability perspective. While these 
three themes remain the conceptual core of the 
literature, recent studies increasingly integrate 
issues related to environmental quality, green in-
novation, energy transition, and sustainable de-
velopment. This thematic overlap is consistent 
with Jaishree and Dogga (2025), who identified 
green finance, sustainable development, renew-
able energy, and climate finance as key research 
themes. Similarly, Kumar et al. (2024) examined 
the intersection between green finance and en-
vironmental sustainability through bibliometric 
and content analysis. Compared with these broad-
er sustainability-oriented reviews, the present 
study examines how environmental themes con-
nect specifically with renewable energy and eco-
nomic development within a common research 
landscape. This evolution reflects a shift from 
examining the direct economic impacts of green 
finance to exploring its broader role in facilitat-
ing low-carbon development and achieving long-
term sustainability objectives. The prominence of 
green innovation also corresponds with Irfan et 
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al. (2022), who identified industrial structure, eco-
nomic growth, and research and development in-
vestment as transmission channels linking green 
finance with green innovation. Their empirical 
analysis provides a substantive explanation for the 
connections among finance, innovation, and de-
velopment observed in the present keyword net-
work, although keyword co-occurrence does not 
independently establish these mechanisms. The 
emergence of topics such as digital finance, finan-
cial technology, and ecological footprint further 
suggests that the field is responding to new tech-
nological and environmental challenges, high-
lighting the growing interaction between financial 
innovation and sustainable energy systems. This 
development reinforces the research agenda dis-
cussed by Kumar et al. (2024), who identified digi-
tal finance and artificial intelligence as areas re-
quiring further investigation. The present findings 
suggest growing attention to related topics within 
the finance–energy–development intersection, 
rather than implying that these topics are entirely 
new to green finance scholarship.

The bibliometric evidence also reveals a clear 
methodological evolution. The co-citation net-
work highlights the prominence of advanced pan-
el econometric methods, while the thematic evolu-
tion and trend-topic analyses indicate increasing 
attention to cross-sectional dependence, cointe-
gration, and other second-generation economet-
ric techniques. This methodological orientation 
is consistent with the approaches adopted in in-
fluential empirical studies. Zhou et al. (2020) in-
vestigated green finance, economic development, 
and environmental quality using provincial pan-
el data from China, whereas Rasoulinezhad and 
Taghizadeh-Hesary (2022) applied a STIRPAT 
framework to examine relationships among emis-
sions, energy efficiency, green energy, and finance 
across selected economies. Ren et al. (2020), by 
comparison, used a vector error correction mod-
el to examine the dynamic relationships among 
green finance, non-fossil energy use, and carbon 
intensity in China. These studies illustrate the 
field’s use of both panel and time-series approach-
es to investigate aggregate relationships. These 
findings suggest that methodological sophistica-
tion has become an important characteristic of 
the field, enabling researchers to examine increas-
ingly complex relationships among finance, en-

ergy, and environmental variables. However, the 
strong reliance on macro-level panel data also 
points to an important research gap. Compared 
with the extensive use of country-level analyses, 
relatively limited attention has been given to firm-
level, project-level, or household-level evidence. 
While the aggregate designs employed in these 
influential studies address relationships across 
regions or economies, they leave questions about 
financing access, project implementation, and 
household technology adoption unresolved. The 
present review therefore complements their con-
tributions by identifying opportunities to connect 
aggregate findings with evidence on the decisions 
and processes through which green finance oper-
ates. Future research could therefore benefit from 
integrating micro-level data, quasi-experimental 
designs, and interdisciplinary approaches to pro-
vide a more comprehensive understanding of how 
green finance contributes to renewable energy de-
velopment and sustainable economic growth.

4.3. Implications and future research 
directions

The findings of this bibliometric review provide 
several important theoretical implications. First, 
the study offers a comprehensive overview of the 
intellectual structure and knowledge evolution of 
research on the nexus among green finance, re-
newable energy, and economic development, dem-
onstrating how the field has progressed from an 
emerging topic to a mature interdisciplinary re-
search area. Unlike previous bibliometric studies 
that primarily examined bilateral relationships, 
this review integrates the three domains into a 
unified analytical framework, thereby provid-
ing a more comprehensive understanding of their 
conceptual relationships and research evolution. 
Second, the results reveal that although the lit-
erature has expanded rapidly, its theoretical foun-
dation remains concentrated around macroeco-
nomic and environmental perspectives. The grow-
ing prominence of themes such as digital finance, 
green innovation, and energy transition suggests 
opportunities to integrate broader theoretical 
perspectives, including institutional theory, in-
novation systems, and socio-technical transition 
frameworks (Geels, 2002), to explain how finan-
cial systems facilitate sustainable development un-
der different economic and policy contexts.
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From a practical perspective, the findings high-
light the increasing importance of green finance 
as a policy instrument for promoting renewable 
energy development and sustainable economic 
growth. The concentration of influential studies 
on renewable energy deployment, environmen-
tal performance, and carbon emission reduction 
suggests that green financial policies have become 
an integral component of national sustainability 
strategies. At the same time, the geographical dis-
tribution of publications reveals that current evi-
dence is heavily concentrated in China and several 
emerging Asian economies, while research from 
Africa and Latin America remains relatively limit-
ed. Expanding empirical evidence from underrep-
resented regions would improve the generalizabil-
ity of existing findings and support the develop-
ment of context-specific policy recommendations.

The bibliometric analysis also identifies several 
promising directions for future research. Future 

studies should move beyond country-level pan-
el analyses by incorporating firm-, project-, and 
household-level evidence to better understand the 
mechanisms through which green finance influ-
ences renewable energy investment and economic 
development. Greater attention should also be given 
to emerging topics such as digital finance, financial 
technology, climate-related financial risks, and ener-
gy transition, which have recently gained increasing 
research interest. Methodologically, future research 
could benefit from employing causal identification 
strategies, mixed-method approaches, and compara-
tive cross-country analyses to strengthen empirical 
robustness and broaden the applicability of research 
findings. Furthermore, strengthening collaboration 
among researchers from developed and developing 
economies may contribute to a more geographically 
balanced and globally representative body of knowl-
edge. Table 3 summarizes the research gaps identi-
fied from the bibliometric findings and outlines cor-
responding directions for future research.

CONCLUSION

This study aimed to map publication trends and collaboration patterns, identify the intellectual struc-
ture and major research themes, and highlight emerging topics and future research directions at the 
intersection of green finance, renewable energy, and economic development. Research on the nexus be-
tween green finance, renewable energy, and economic development has expanded rapidly and evolved 
into a well-established interdisciplinary field. The findings indicate that the literature is built around 
four core themes (green finance, renewable energy, economic growth, and environmental sustainabil-
ity) supported by an increasingly stable intellectual foundation and continuously evolving research 

Table 3. Summary of research gaps and future research directions

Bibliometric evidence Gap Future research direction

Governance and institutional quality remain 
peripheral themes in the keyword network

Limited understanding of 
governance mechanisms

Examine how regulatory quality, institutional capacity, 
and financial system design influence the effectiveness of 

green finance
Country-level panel studies dominate the 
literature, while behavioral and firm-level 

research remains scarce

Lack of micro-level 
evidence

Conduct firm-, project-, and household-level studies using 
surveys, experiments, and transaction-level data

Digital finance, FinTech, and ecological 
footprint have recently emerged as trend 

topics

Digitalization remains 
underexplored

Investigate fintech-enabled green finance, AI applications, 
digital inclusion, and digital energy systems

Scientific production is highly concentrated in 
China and several Asian countries

Limited geographical 
diversity

Expand empirical research in Africa, Latin America, and 
other underrepresented regions through comparative and 

cross-country studies
Co-citation analysis shows heavy reliance on 

advanced panel econometric methods
Limited methodological 

diversity
Employ causal identification strategies, quasi experimental 

designs, mixed methods, and qualitative approaches
Green bond research appears as an emerging 
or declining theme, while social dimensions 

remain limited

Narrow focus on financial 
instruments

Explore transition finance, biodiversity finance, carbon 
markets, just transition, and energy poverty

The literature remains largely grounded in 

EKC-based macroeconomic perspectives
Limited theoretical 

integration

Integrate institutional theory, innovation systems, and 
socio-technical transition theory to explain the finance, 

energy, and development nexus
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fronts. Recent developments also reveal growing attention to digital finance, energy transition, climate-
related issues, and more advanced econometric approaches, reflecting the field’s increasing maturity 
and diversification.

This study contributes to the literature by providing the comprehensive bibliometric synthesis that inte-
grates green finance, renewable energy, and economic development into a unified analytical framework. 
The findings also highlight important research gaps, including limited geographical representation, in-
sufficient micro-level evidence, and the need for broader theoretical and methodological perspectives. 
Addressing these gaps will strengthen future research and provide more robust evidence to support 
sustainable finance policies and renewable energy development.

Although this review is limited to English-language publications indexed in the Web of Science Core 
Collection, it offers a systematic knowledge map that can serve as a useful reference for researchers, 
practitioners, and policymakers. Future studies should broaden database coverage, incorporate diverse 
methodological approaches, and examine underrepresented regional contexts to further advance un-
derstanding of the nexus among green finance, renewable energy, and economic development.
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