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Abstract: Green finance in the context of sustainable development sits within the broader discourse
of environmental economics and sustainable finance. Their integration has become imperative in
addressing global challenges, with the aims of understanding how financial mechanisms can be
aligned with sustainability goals, investigating the role of green finance in promoting environmentally
friendly investments, and fostering sustainable development. This bibliometric analysis explores the
evolution, trends, and challenges in green finance research. It examines 436 articles published between
2016 and 2024, revealing insights into influential publications, authors, journals, institutions, and
countries engaged in green finance for sustainability. The study identifies China, the UK, and Pakistan
as leaders in research output and citation impact. Furthermore, it highlights the interdisciplinary
nature of green finance, reflected in diverse publication outlets spanning environmental, social,
and economic domains. The analysis underscores the increasing global interest in green finance,
as evidenced by the growing citation rates over time. Key findings include the pivotal role of
green finance in energy efficiency, renewable energy development, and the promotion of sustainable
economic growth. Overall, this research provides valuable insights for policymakers, researchers, and
practitioners, emphasizing the importance of interdisciplinary collaboration and continued research
efforts in advancing sustainable finance agendas.

Keywords: green finance; sustainable development; environmental, social, and governance (ESG);
bibliometric analysis

1. Introduction

In recent decades, green finance instruments have attracted considerable attention
due to their role in international cooperation and national policies regarding sustainability
and climate change. To understand the concepts of green finance, it is important to start
by understanding the definition of ”sustainability”. It is imperative to note that there are
several definitions available to explain this term. Sustainability was presented as “meeting
the needs of the present without compromising the ability of future generations to meet
their own needs” in the publication Our Common Future by the United Nations in 1987
(United Nations 1987). Sustainable finance generally involves the integration of sustain-
ability with economic and financial practices. Green finance is part of sustainable finance
and concerns financial instruments facilitating environmentally sustainable development,
energy transition, and the fight against global warming. Investors and financial institutions
can actually contribute to combating climate change by investing in enterprises and projects
pursuing objectives related to energy transition and environmental protection. Although
green finance is expanding significantly, a fully harmonized regulatory framework and cat-
egorical criteria for determining what is green and what is not are not yet available. For this
reason, the European Union and competent financial regulatory authorities are developing
rules on green finance. These will enable investors interested in green finance to avoid the
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risk of greenwashing, that is, unsubstantiated or false claims that investments are green.
According to the European Commission, sustainable finance (or green finance) refers to the
“process of taking environmental, social and governance (ESG) considerations into account
when making investment decisions in the financial sector, leading to more long-term invest-
ments in sustainable economic activities and projects” (European Commission 2021). This
leads to a greater focus on long-term investments in sustainable economic activities and
projects. The European Commission further elaborates on ESG considerations, highlighting
environmental factors like climate change and pollution, social factors such as human rights
and inequality, and governance factors, including institutional policies and employee rela-
tions. In simpler terms, green finance is a segment of finance aimed at supporting economic
growth while also alleviating environmental pressures, all while taking into consideration
ESG factors. In recent times, there has been increasing recognition of the significance of
ESG factors. ESG factors, previously viewed as non-financial aspects of businesses, are now
fundamental values embraced by companies, major financial institutions, and shareholders
worldwide. These factors are now given utmost importance in core management strategies
adopted by businesses for sustainable management and investment.

Hence, green finance can be seen as a financial instrument crafted with the noble
goal of aligning financial choices with the evolving requirements of both society and the
environment. Its aim is to encourage investments that foster sustainable development.
Green finance has been the subject of extensive research, with various aspects related to
greenhouse gas emissions (Saeed Meo and Karim 2022; Wu et al. 2023), climatic disasters
(Ezroj 2020), environmental disclosures (Brooks and Schopohl 2020; Lyon and Shimshack
2015; Steuer and Troger 2022), the economic consequences of global warming and tempera-
ture shifts (Burke et al. 2015; Dell et al. 2012), the relationship between temperature and
aggregate risk (Lamperti et al. 2021), and the influence of climate policy risk on the financial
system (Lin et al. 2022) being examined. Green finance manifests in various forms, such
as green bonds, which fund eco-friendly projects (Yu 2016); socially responsible investing
(SRI), which evaluates ESG factors in investment choices (Walls 2024); and impact investing,
which strives to yield financial gains alongside positive social and environmental effects
(Yasar 2021). Governments, organizations, and individuals are recognizing the need for a
more sustainable and responsible approach to finance, and are taking steps to integrate ESG
factors into financial decision-making. As awareness of the importance of sustainability
continues to grow, it seems likely that green finance will become an increasingly important
part of the financial system.

The current trends in the development of academic research and practices in the field
of green finance have been outlined so far by numerous authors by means of a range of
scientific methods, including bibliometric analysis (Bhatnagar and Sharma 2022; Debrah
et al. 2023; Mohanty et al. 2023; Zhang et al. 2019). They share a common goal, but focus
on different aspects and offer unique contributions to the literature. They all emphasize
the importance of regulatory and policy support, technological innovation, and the role
of stakeholders. Bhatnagar and Sharma (2022) outline the factors that influence the imple-
mentation of green financial practices, emphasizing regulatory support in the process of
integrating green financial products into traditional financial markets. Mohanty et al. (2023)
highlight the broad spectrum of the research topic by revealing the relationship between
economic performance and the social value of green finance, with an emphasis on green
bonds and renewable energy. Their conclusion is that financial literacy should be increased,
reporting and risk management should be improved, and digital technologies should be
integrated in the context of green finance. Debrah et al. (2023) combine bibliometric and
systematic analysis, focusing on the gap between theoretical concepts and the practical
application of green finance. They find that this scientific field is both insufficiently mature
and extremely wide-ranging and multi-layered. Green finance “needs to be fully under-
stood”, according to the authors, and therefore they propose research hot topics such as
the green bond market and greenium, green credit (loans), carbon investment and market,
green banking, market stress, and domestic and international climate finance policies.
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We take the topic of green finance as relatively broad, but also strongly related to
sustainable development. In the context of building a better future for people, businesses,
and the planet, the potential of green finance to drive positive change should be explored.
This task is characterized by complex challenges and uncertainties that require careful and
rigorous academic review and analysis for a deeper understanding. The main role in this
process is played by the information on both sustainable development and green finance,
reflected in the specialized scientific literature. To process this information, the application
of bibliometric analysis, which is the focus of this article, is suitable.

The direction of this research process is determined by the research objective and
research questions. Driven by the need for science-based adequate strategies for the
transition to sustainable economies, we focus mainly on the integration of ESG criteria in
the process of conceptual understanding and the practical application of green finance.

Thus, the main objective of this study is to identify the current state of research on the
field of green finance for sustainable development, as well as to propose recommendations
for future research and practice. In such a case, it is logical that this study addresses the
following research questions:

e RQ1: What are the most influential publications, authors, journals, and institutions
involved in green finance research for sustainable development?

e RQ2: How has green finance in the literature on sustainability developed over time
and what is the trend of citation impact?
RQ3: What are the most common and influential keywords used in green finance research?
RQ4: What are the geographic distributions and institutional affiliations of the research?
RQ5: What is the scope of this research, and what are the key trends for future research
in green finance for sustainable development?

2. Materials and Methods

A bibliometric analysis was performed with the collected information from the pub-
lished research and citations to determine their impact. Bibliometric analysis “summarizes
large quantities of bibliometric data to present the state of the intellectual structure and
emerging trends of a research topic or field” (Donthu et al. 2021). The objects of analysis
can be scientific publications (articles, reports, books, etc.), sources (scientific journals,
collections of reports, etc.), keywords and terms characteristic of the research field, authors,
including teams of co-authors, institutions (universities, departments, research groups and
teams, business organizations, NGOs, etc.), countries, or regions.

The research data were generated by Scopus. When selecting a database for scientific
research in the field of green finance, we relied on the valuable conclusions from the article
by Singh et al. (2021). This article provides a detailed comparative analysis of journal
coverage in three major global databases, including Web of Science and Scopus. The
analysis reveals that nearly all journals in Web of Science are covered by Scopus (99.11%),
with only a small percentage of unique journals exclusive to Web of Science. These data are
for 2021, but we believe that the trend continues in 2024 as well. Additionally, we carried
out a study in 2024, from which it was established that the relative share of the number
of journals in the subject area of Social Sciences (9729) compared to the total number of
sources in Scopus (46,702) is approximately 20.8%. This is significantly larger than the same
indicator for Web of Science (approximately 12.3%), with numbers of sources of 3076 and
24,990, respectively. This further motivated the choices made in this research article. In
addition to broad coverage with open access content, Scopus provides a wide range of
metrics and tools for assessing research impact and author profiles for collaborating and
creating collaborative networks. Therefore, it is widely used for bibliometric studies (Vieira
and Gomes 2009).

As the first step of the scientific research, keywords and terms, a database search field,
additional search criteria, and the data sample for the study were generated.

We conducted bibliometric analysis in the following directions: (1) performing a
descriptive analysis; (2) a citation analysis (by source, by publications, by author(s), by
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country, and by organization); and (3) a structural analysis of the scientific field (conceptual
structure, intellectual structure, and social structure). In this way, the contribution of the
objects of analysis to the given scientific field is shown. However, the relationships between
them can be well visualized through scientific mapping (Donthu et al. 2021).

We used the features of the Biblioshiny 4.1 application, a configurable web interface
package from bibliometrix of the R programming language for bibliometric analysis, as
well as VOSviewer (version 1.6.19) (Van Eck and Waltman 2010).

We started our process by searching for keywords in the Scopus database. Determining the
keywords was the result of a panel discussion among specialists from academic and practical
backgrounds in the fields of finance, sustainability, and accounting. A query in the database
using the keywords “green financ*” and “sustainab*” was conducted on 25 March 2024 in a
specifically selected field in Scopus—(Article title, Abstract, Keyword)—generating a result of
1429 documents. In terms of the number and type of documents in the sample, the criteria
included inclusive and exclusive criteria. The selected options for exclusive criteria limited
the sample as follows:

Open access: Only including documents with open access, resulting in 531 documents.
Year: Studies published between 2016 and 2024 were selected, resulting in 525 documents.
Document type: Only articles were of interest, resulting in 451 documents.

Source type: Only articles published in journals were chosen, resulting in 451 documents.
Language: Only articles in English were included, resulting in 436 documents.

The remaining filters, Subject area, Publication stage, Author name, Source title,
Keyword, Affiliation, Funding sponsor, and Country/territory, were not utilized. They
served as inclusive criteria. Querying the database after applying these additional criteria
organized the data in the results into a sample of 436 documents.

3. Results

The conduct of bibliometric analysis is profiled by sources, publications, and authors.
In order to establish their influence, so-called citation analysis is used. Citation analysis is a
way of measuring the influence of a journal, publication, or author according to the total
number of citations (of the journal, publication, or author) in other scientific works. The
impact of a study is beneficial to other researchers (Bornmann et al. 2008).

Citations are intended to show that a publication has used the content of several other
publications (in the form of other people’s ideas, research results, etc.). Thus, the number
of citations used in evaluating a study serves as a determinant of its impact (Bornmann
and Daniel 2007).

Bibliometrix and VOSviewer enable citation analysis to be profiled in the following
directions: by source, by publications, by author(s), by country, and by organization.

3.1. Descriptive Analysis

The sample consists of 436 scientific articles, authored by a total of 1131 authors,
published in 159 scientific journals. Out of the 436 articles, 55 are authored by a single
author, while the co-authored articles amount to 381. The temporal scope of the study
spans nine years, between 2016 and 2024. The average number of published articles per
year is approximately 48 (precisely 48.4).

We used information generated as a result of the query in Scopus regarding citations.
The visualization was facilitated through Bibliometrix. Not all 436 articles from the sample
have been cited in other research studies at least once. The number of cited articles is 351,
which constitutes 80.5% of the sample. The total number of citations in other research
studies for these 351 articles (including self-citations) is 7351. The average number of
citations per article is 16.92. The trend in article citations over time is positive, indicating a
rapidly growing overall interest in the issues of green finance and sustainable development
(see Figure 1).
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Figure 1. Distribution of the number of cited articles from the sample by year.

3.2. Citation Analysis
3.2.1. Citation Analysis by Source

Table 1 presents the top five prolific journals and their publishers on green finance in
the sustainability context with metrics of Scopus coverage years (SCY), total publications
(TP), total citations (TC), h_index (h), Cite Score for 2022 (CS 2022), and Source-Normalized
Impact per Paper (SNIP).

Table 1. Citation analysis by source—ranking of the top 5 most influential and most relevant sources.

Journal Publisher SCY TP TC h CS 2022 SNIP
Sustainability MDPI 2009 80 1445 19 5.8 1.198
Environmental Science and Pollution Research Springer Nature 1994 26 670 14 7.9 1.214
Frontiers in Environmental Science Higher Education Press 2013 21 147 4 9.8 1.257
Economic Research-Ekonomska Istrazivanja Taylor & Francis 2000 20 417 9 6.2 1.408
Humanities and Social Sciences Springer Nature 2020 14 47 4 3.0 1.620

Communications

The analysis reveals that “Sustainability” is the most influential and relevant journal
in the field, with a total of 80 publications, accounting for the highest number of total
citations (1445), and an h-index of 19. This suggests that it not only publishes a significant
number of articles, but also that these articles are widely recognized and cited within the
academic community. The journal’s Cite Score of 5.8 and SNIP of 1.198 further highlight
its impact and relevance in the domain of green finance and sustainability. “Environmental
Science and Pollution Research”, published by Springer Nature since 1994, follows with
26 publications and a total of 670 citations, demonstrating an h-index of 14. Its Cite Score
of 7.9 and SNIP of 1.214 indicate its strong influence and the quality of research it publishes.
“Frontiers in Environmental Science”, with 21 publications and 147 citations, shows a lower
h-index of 4 but stands out with a high Cite Score of 9.8 and an SNIP of 1.257. This
suggests that while it has fewer publications, the articles it does publish are of significant
quality and impact. “Economic Research-Ekonomska IstraZivanja”, published by Taylor &
Francis since 2000, has 20 publications and 417 citations, with an h-index of 9. Its Cite
Score is 6.2, and it has an SNIP of 1.408, indicating a steady contribution to the field of
green finance and sustainability. Lastly, “Humanities and Social Sciences Communications”, a
relatively new journal from Springer Nature starting in 2020, has quickly made its mark
with 14 publications and 47 citations. Its h-index is 4, with a Cite Score of 3.0 and an SNIP
of 1.620. Despite being the newest journal in the top five, it shows a promising start in
contributing to the discourse on green finance and sustainability. These journals collectively
highlight the diversity and depth of research being conducted in the area of green finance
and sustainability, each contributing uniquely through their publication volumes, citation
impact, and overall influence in the academic community.

From a dynamic aspect, journals have different behaviors: all of them show a relative
increase in the number of publications over time, but the rates of increase are different.
The jump in publication activity during the period 2018-2024 for the first journal in the
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ranking—Sustainability—is huge, while the satisfactory trend of increasing publications is
observed in the remaining journals later, in the period 2021-2024, but on much smoother
and smaller scales (see Figure 2).

Sources' Production over Time

Curnulate sccurences

Figure 2. Publication activity by sources (top 5 sources for the period 2016-2024).

3.2.2. Citation Analysis by Publications

This type of analysis of publications intuitively focuses on their thematic content.
To reveal the content, the keywords in the publications of the sample are used. In our
sample, the total number of keywords is 1171. Bibliometrix allows the set of keywords to
be “cleaned” to make them suitable for further work. This was completed by drawing up a
list of words to remove. After this manipulation, the following most common keywords
from the 436 documents in the sample were identified according to their frequency of
occurrence: green bonds, climate change, renewable energy, green economy, and ESG. For
the top 20 most common words, a word tree was created to identify their structure in the
overall set of keywords, as well as a word cloud to further visualize their influence (see
Figures 3 and 4).

energy efficiency
11

5%

Figure 3. Top 20 most common author keywords (structural ratio shown in word tree).

suslalnallle deve) =l,omll'}em goals

noruv efficiency th rmance
economic grow
"“""".';'n'i?n"?:'é"r'-’}ﬁfﬂ"'&green €CONOMY nnancial development

wemestesCliMate change

green pomls

uraengcrnd“ nﬁgaannngllalclal performance

green investme
environmental suslamallllltv

Figure 4. Top 20 most influential author keywords (impact strength shown in word cloud).

In seeking the most influential publications, articles from the sample were ranked
according to their total number of citations in other documents across the entire Scopus
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database. Only 351 documents of the sample gathered a total of 7351 citations. Another
85 documents have not been cited yet. At this stage, VOSviewer allows the user to choose
the minimum number of citations per publication for selection. In the current study, this
number was chosen to be 160 citations. According to this criterion, five documents from
the sample met this requirement, which is approximately 1.15% of the total volume of
436 articles. An additional indicator of the impact of publications is the average number
of citations per year, which is generated by the Bibliometrix tool. Ranking by the two
indicators of “total number of citations in Scopus (TCS)” and “average number of citations
per year (ACy)” yields different results—the first may reflect nominal impact (NI), while
the second reflects the real impact (RI) of the publication. It is considered that the real
impact carries more weight. The results from this more in-depth analysis are shown in
Table 2.

Table 2. Citation analysis of top 5 publications (with rankings).

Rank
Publication TCS ACy

NI RI
(Rasoulinezhad and Taghizadeh-Hesary 2022) 267 89.00 1 1
(Taghizadeh-Hesary and Yoshino 2020) 254 50.80 2 2
(Dikau and Volz 2021) 190 47.50 3 3
(Sinha et al. 2021) 173 43.25 4 4
(Soundarrajan and Vivek 2016) 168 18.67 5 5

These five articles collect 1052 citations, which represents an impressive result—14.31%
of all citations in the sample. The data also show that the most influential articles in the
field of green finance for sustainable development, which are repeatedly cited in Scopus,
address issues related to the challenges of green finance, investment in renewable energy
projects, the achievement of high energy efficiency, integrating the topics of sustainable and
green finance in the activities of central banks around the world, accelerating a mechanism
for sustainable finance through green bonds, the importance of green finance for economic
and environmental well-being and growth, etc.

In addition to the metrics mentioned, the analysis underscores the significance of
these top-cited articles in shaping current research trends and discussions. They not only
contribute significantly to the academic discourse, but also provide practical frameworks
and insights for policymakers, financial institutions, and stakeholders aiming to implement
and promote green finance.

3.2.3. Citation Analysis by Author

The metric for citation analysis by publications (see Table 2) identifies E. Rasoulinezhad
and F. Taghizadeh-Hesary as the most influential authors due to having the highest number
of citations received for their co-authored article from 2022. Their article is dedicated to
examining the relationship between the deployment of green energy and the achievement
of sustainable development in the energy and environmental sectors. Using the STIRPAT
model, the authors investigate the connection between CO, emissions, energy efficiency,
the Green Energy Index (GEI), and green finance in the top ten economies supporting
green finance. The findings demonstrate that green bonds serve as a suitable method for
promoting green energy projects and significantly reducing CO, emissions. However, no
causal link is found between these variables in the short term. Consequently, governments
are urged to implement long-term supportive policies to incentivize private investment in
green energy projects, aiming for sustainable economic growth in environmental matters.
This policy may prove applicable during and after the COVID-19 era, when green projects
may encounter greater difficulties accessing finance.
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3.2.4. Citation Analysis by Country

The sample includes publications of authors affiliated with 646 scientific institutions
and organizations from 53 countries in 159 peer-reviewed journals in the fields of business,
management, economics, environmental studies, computer science, and others. For 42 of
the articles, there is no information about their origin, and therefore the analysis related to
the geographical distribution of the researched issues covers the remaining 394 articles.

An analysis of scientific production by country was conducted, and a ranking was
made based on the number of published articles. Leading the ranking list with 204 publica-
tions from the sample is China, followed by the United Kingdom with 24 publications, and
Pakistan with 15 publications. The top five countries/regions cover 264 of the published
articles, which is approximately 61% of the total number (see Figure 5).

Countries.

Cotsberatien

o

N. of Documents
S0 S Coarstry Putcatins, MCH" M Coursty Pabications

Figure 5. Top 5 most productive countries.

From a dynamic aspect, the number of publications shows a relative increase over time.
There is a significant leap during the period for China, while the trend is more gradual for
Pakistan, India, United Kingdom, and Indonesia (see Figure 6).

Country Production over Time

Articies

Year

Country
cama

Figure 6. Production of top 5 countries over time.

Countries with the highest contribution, measured by the number of citations, are also
of interest in Bibliometrix. The quantitative information on the total and average citations
(TC, AC) of documents from the sample in the countries where they are published enables
their ranking. The top 10 entries according to this criterion are shown in Table 3.
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Table 3. Top 10 countries/regions with the highest number of citations in publications from the
sample and average number of citations per article.

Rank Country TC AC
1 China 2762 13.50
2 United Kingdom 747 31.10
3 Japan 648 129.60
4 Pakistan 483 32.20
5 India 372 53.10
6 Romania 237 33.90
7 Italy 160 20.00
8 Ireland 155 155.00
9 Indonesia 140 12.70
10 Turkey 138 17.20

In addition to analyzing the number of publications, examining the impact of research
from different countries provides further insight into the global distribution and influence
of scholarly work in green finance and sustainability. These data reveal that China, while
leading in the number of publications, also has a substantial total citation count (TC) of 2762,
with an average citation (AC) of 13.50 per article. This indicates the broad and significant
impact of Chinese research in this field. The United Kingdom, although having fewer
publications, demonstrates a high average citation rate of 31.10, with a total of 747 citations.
This suggests that UK publications, though fewer in number, are highly influential and
frequently referenced in subsequent research. Japan, with a total of 648 citations and an
impressive average of 129.60 citations per article, shows exceptional impact. The analysis
of these top-contributing countries not only reveals the geographical spread of research
activities, but also highlights regions that produce high-impact work in green finance
and sustainability. This information is crucial for understanding the global landscape of
research in this domain and identifying key players and emerging contributors to the field.

3.2.5. Citation Analysis by Organization

The measurement of the most relevant affiliations (institutions, universities, organiza-
tions), which involves measuring the scientific output generated by authors in the field of
green finance and sustainability from a given institution, is assessed by number of publica-
tions. According to this indicator, of the 646 affiliations in the sample, Jiangsu University
(Zhenjiang, China) has the largest number of articles (25), followed by China University
of Mining and Technology (Xuzhou, China) with 19 articles, and Guizhou University of
Finance and Economics (Guiyang, China) with 17 articles (see Figure 7).

Most Relevant Affiliations

Affiliations

GUIZHOU UNIVERSITY OF FINANCE AND ECONOKICS

-]

VUHAN LNIVERSITY @

ZHEULANG YUEXIU UNVERSTY @

I 15 E L]
Articles

Figure 7. Top 5 most relevant organizations (affiliations).
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The leadership of Jiangsu University (Zhenjiang, China) is also praised because this
institution has seen a remarkable growth in the number of publications in the research area
(see Figure 8).

Affiliations' Production over Time

Articles
ot

Affiliation

Figure 8. Publication activity by organization (affiliations) for the period 2016-2024.

An even deeper analysis of the influence and interest of countries/regions, as well
as of respective journals, can be achieved using the Bibliometrix tool “Three-field plot”,
developed based on the Sankey diagram. The diagram allows a user-defined number of
values of a given variable (e.g., keywords describing the research topic) to be placed in
the central position, followed by values of two other variables (e.g., authors, countries,
universities, sources, etc.) on either side. The three-field plot shows how the side variables
are interested and/or active in relation to the central variable. In this case, the keywords in
the sample publications are placed as the central variable, and their number is set to 10,
resulting in the terms appearing in rectangles of different colors and sizes. They visually
correspond to similar rectangles on either side, which in this example are countries/regions
and sources (see Figure 9).

AU_CO DE

sustainability (switzerland)

\
i
I
I

(T L T

Figure 9. Three-field plot for keywords, country/region, and source.

The data show that the greatest interest is in green finance. This is most prominent in
scientific publications from China, Pakistan, and India, but featured to a lesser extent in
other countries. It is also the subject of scientific articles published most often in the journal
“Sustainability”, but is focused on less often in some of the other journals in the example.

The visual presentation of the graph of the three fields forms the basis for other similar,
more in-depth analyses that may provide insight into individual fragments of the studied
topic (in the example, these are sustainable development, climate change, renewable energy,
and green bonds), as well as the attitude towards them by different countries and journals.
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3.3. Structural Analysis

The considerable expansion of green finance in response to multiple global initiatives,
guidelines from task forces or special networks, and the institutional frameworks of various
countries has triggered an exponential growth in the literature on green finance and
sustainable development over the last decade (see Figure 1). Therefore, it is fundamental to
explore the structures of knowledge in green finance research, i.e., the intellectual structure,
the network of research collaborations, and the conceptual structure.

3.3.1. Intellectual Structure (Co-Citation Analysis)

Co-citation analysis involves identifying sets of publications that are frequently refer-
enced together, which can hint to emerging research areas or specialized fields within a
particular discipline. By examining the connections among highly cited articles, researchers
can gain valuable insights into the foundational concepts of their field and potential direc-
tions for further investigation. This method relies on a co-citation matrix, which tracks how
often pairs of articles are cited jointly. Each article is represented by a row and column in the
matrix, with cell values indicating the frequency of co-citation between them. Ultimately,
this process creates a network of interconnected citations, offering a visual depiction of the
intellectual progress within a field of study.

The VOSviewer tool has capabilities for co-citation analysis by references, sources,
and authors. In this study, only co-citation analysis by references is applied.

VOSviewer requires a threshold to be set, i.e., a maximum number of identical ref-
erences of at least two articles from the sample. In the studied sample of 436 articles,
the total number of references is 23,658. At a selected threshold of 10 co-cited references
(cited 10 times), 20 references correspond, 1 of which occurs 40 times in the sample articles.
Another is cited 25, 18, 15, 14, and 13 times. Two are cited twelves times, six references are
used in the sample articles eleven times each, and the remaining six references are cited ten
times. Four clusters are formed, showing a relative “clustering” of joint citations around
individual topics.

It can be argued that the subject matter, i.e., the intellectual structure, in the clusters is
as follows:

e Red cluster (eight items)—"Green investments and finance”—supporting sustainabil-
ity and renewable energy development through financial mechanisms (Eyraud et al.
2013; He et al. 2019; Rasoulinezhad and Taghizadeh-Hesary 2022; Taghizadeh-Hesary
and Yoshino 2020; Taghizadeh-Hesary and Yoshino 2019; Wang and Zhi 2016; Xu and
Li 2020; Zhou et al. 2020);

e  Green cluster (six items)—*“Green finance: empirical insights and sustainable solutions’
—analyzing the nexus between green finance, renewable energy, and carbon intensity,
as well as exploring sustainable financial mechanisms and investments in renewable
energy projects (Khan et al. 2021; Ren et al. 2020; Taghizadeh-Hesary and Yoshino
2020; Taghizadeh-Hesary and Yoshino 2019; Yu et al. 2021; Zhang et al. 2019);

e  Blue cluster (four items)—"“Green finance: impact and opportunities”—examining the
effect of green finance on green total factor productivity, exploring research trends and
opportunities in green finance and energy policy, addressing financing constraints on
green innovation, and investigating the role of public spending in green economic
growth within the BRI region (Lee and Lee 2022; Wang et al. 2021; Yu et al. 2021;
Zhang et al. 2021a);

e Yellow cluster (two items)—*“Green finance and environmental impact”—examining
the relationship between green finance, renewable energy, and carbon intensity in
selected Asian countries, as well as investigating the environmental effects of green
credit policies in China (Xu and Wu 2023; Zhang et al. 2021b).

Thus, the analysis of joint citations groups in a certain way outlines the current
aspects of the problems of green finance in the context of sustainable development and
demonstrates the intellectual structure of the thematic area.

The scientific map of the analysis, produced using VOSviewer, is shown in Figure 10.
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Figure 10. Co-citation analysis (by references) (scientific map).

3.3.2. Social Structure

The importance of the interaction between authors, institutions, and countries in the
process of joint research work in the field of the green finance in a sustainability context is
indisputable. As a result of this interaction, the realization of joint fundamental scientific
and practical projects is possible, the sharing of good practices between individual authors,
institutions, and collectives is strengthened, experience is exchanged, and, most valuably,
added value is generated in the context of globalization and the sustainable development
of society and the planet.

The disclosure of the social structure in the studied issues was carried out with the
help of Bibliometrix, where it is possible to follow the collaboration between the individual
authors, institutions, and countries of all 436 articles from the sample. For the purposes
of the present development, the analysis of social cooperation, co-authorship, and joint
research work was carried out only by institution. This refers to analyzing and visualizing
collaboration patterns between authors from different organizations (academic, teaching,
research, practice, non-governmental) based on their joint co-authorship.

The object of the social interaction analysis was actually the 646 institutions to which
the authors of the published articles from the sample under investigation are affiliated. The
purpose of this type of analysis is to outline the inter-institutional collaboration network
within the research topic and understand the extent of collaboration between authors from
different organizations. At this point, Bibliometrix allows the user to select only those
articles whose authors have affiliations to various organizations. Twenty-one organiza-
tions corresponded to the restrictions. Countries were ranked simultaneously according
to the number of articles in the sample that were published by the individual institu-
tion and the number of citations of an article from one organization to an article from
another organization.

The scientific map shows the organizations where authors have collaborated through
joint publications and created a network of co-authorship. Thus, an insight is gained
into the social interaction and cooperation between organizations that are engaged in
publications in the field of green and sustainable finance.

Bibliometrix identified eight clusters or groups of authors from the same or different
institutions who often collaborate. Visualization can help to identify the main centers of
interinstitutional cooperation and to understand the overall structure of the network.

The most active institutions regarding social interaction are clearly defined: Zhe-
jlang Yuexiu University (China), Wuhan University (China), and Bahauddin Zakariya
University (Pakistan).

The results of this deeper analysis are visualized by the scientific map in Figure 11.
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Such analyses may also reveal cooperating countries and authors, but these are not
the focus of this study.

The social structure reveals the leading entities (institutions, authors, or countries) that,
through their mutual cooperation, demonstrate an interest in the field of scientific research.

3.3.3. Conceptual Structure

The conceptual structure of research devoted to the problems of green finance in
the context of sustainable development is revealed with the help of the analysis of the
co-occurrences of keywords and terms. This type of analysis focuses on the frequency
with which certain terms or keywords appear together in scientific publications. By iden-
tifying common terms, the scope and connections within the researched scientific issues
are outlined.

Out of the total number of 2008 keywords from all articles of the research materials of
the present development, only 57 words were initially selected. The selection is a result of
the option in VOSviewer to select a minimum number of occurrences for the keywords.
Our choice was that a given word or term had to occur at least ten times as a keyword
in the sampled articles. From the generated list of keywords, another six were manually
removed, which were judged to be irrelevant to the analysis (e.g., article, human, panel
data, etc.).

The remaining 51 words form 4 clusters with 886 links between them.

The analysis continues by uncovering the most common keywords and terms. The
product generates a list of them and the number of their occurrences. The words most
frequently present in the studies are visualized with larger circles and are in the central
part of the figure. Such words include “green finance”, “green economy”, “economic
development”, “China”, “innovation”, etc. (see Figure 12).
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Figure 12. Analysis of the co-occurrence of keywords (scientific map).
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The visualization shows the formed clusters, which are colored in different colors:
red, green, blue and yellow. It can be assumed that the clusters of keywords outline the
conceptual structure of the researched scientific field, namely the role of green finance in
sustainable development, in a substantive, thematic way.

4. Discussion

This research, regarding the posed research questions, has yielded results which allow
the following assertions to be made.

First, RQ1 aims to identify the most influential publications, authors, and institutions
researching the integration of green finance within the context of sustainable development.
The analysis reveals that the article by Rasoulinezhad and Taghizadeh-Hesary (2022), titled
“Role of green finance in improving energy efficiency and renewable energy development”,
published in Energy Efficiency, is the most influential with the highest number of citations
in Scopus, totaling 267. These authors are affiliated with Jiangsu University and the Asian
Development Bank Institute, showcasing the significant contributions of these institutions
to the field. Similarly, notable works include Taghizadeh-Hesary and Yoshino (2020)’s article
on sustainable solutions for green financing in Energies and Dikau and Volz (2021)’s study on
central bank mandates and sustainability objectives in Ecological Economics. These findings
highlight the prominence of certain institutions and publications in driving forward the
discourse on green finance and sustainable development.

The discussion can be deepened by revealing the mechanisms and relationships be-
tween green finance and the dependent variables based on the findings from the five most
significant publications listed in Table 2. The study by Rasoulinezhad and Taghizadeh-
Hesary (2022) explores the relationship between CO, emissions, energy efficiency, the
Green Energy Index (GEI), and green finance using the STIRPAT model across the top
ten economies supporting green finance. Their key findings indicate that green bonds
facilitate access to financial resources for green energy projects, leading to a significant
reduction in CO; emissions in the long term. A 1% increase in green bonds reduces CO,
emissions by approximately 1%. Higher values of GEI show an increased consumption of
green energy, correlating with reduced CO, emissions. A 1% increase in GEI results in a
0.92% reduction in CO, emissions. Increases in population and GDP per capita without
a transition to green energy may lead to higher CO, emissions. There are no short-term
cause—effect relationships between green bonds or GEI and CO, emissions. However,
there is a two-way relationship between issued green bonds and GEI, as well as between
green bonds and GDP per capita. Green finance, mainly through green bonds, supports
the implementation of green energy projects, improving energy efficiency and reducing
CO; emissions over time. Governments need to implement long-term supportive policies
to increase private sector participation in green energy investments. Taghizadeh-Hesary
and Yoshino (2020) examine the challenges of green finance and investment in renewable
energy projects, offering practical solutions to fill the gap in green finance. Key obstacles
include the lack of long-term financing, low return levels, various risks, and the capacity
shortfall among market players. Proposed solutions include increasing the role of Public
Financial Institutions (PFIs) and Non-Bank Financial Institutions (NBFIs) in long-term
green investments, using redistribution taxes, developing Green Credit Guarantee Schemes
(GCGSs), and creating public trusts. Financial and political risk reduction can help mitigate
investment risks in green projects. PFIs and GCGSs reduce financial risks associated with
green projects, thereby increasing their attractiveness to private investors. Improving mar-
ket players’ capacity and creating broader market conditions support sustainable finance.
Dikau and Volz (2021) investigate how central banks incorporate climate risks into their
mandates and policy frameworks to support sustainability. Only 12% of central banks have
explicit sustainability mandates, while 40% support government policy priorities, includ-
ing sustainability goals. Incorporating physical and transitional climate risks into central
banks’ policy frameworks is crucial for maintaining macro-financial stability. Central banks
integrate ESG factors into their core policy frameworks, addressing climate risks that affect
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monetary and financial stability. Central banks play a role in promoting sustainability in
the financial system by managing risks and directing capital towards green investments.
Sinha et al. (2021) analyze the impact of green bond financing on ecological and social
sustainability using advanced quantile modeling and wavelet multi-scale decomposition.
The return on green bonds has a gradual negative transformative effect on ecological and
social responsibility. The study provides guidelines for designing a policy framework to
achieve Sustainable Development Goals (SDGs), considering the interconnectedness be-
tween green bond returns and sustainability indices. Green bonds influence ecological and
social responsibility over time, highlighting the need for carefully crafted policies to maxi-
mize positive outcomes. Advanced quantile methods help us to understand the nuanced
relationships between green finance mechanisms and sustainability indices. Soundarrajan
and Vivek (2016) explore the potential and impact of green finance on sustainable economic
growth in India. Green finance connects the financial industry with environmental im-
provements and economic growth, and thus environmental impacts are integrated into risk
assessments. There are significant opportunities for Indian banks to engage in sustainable
finance aligned with national priorities and Sustainable Development Goals. Green finance
uses market investments and credit programs to steer business decisions towards environ-
mental sustainability. Indian banks play a key role in promoting sustainable development,
influencing investment decisions, and supporting broader social and environmental goals.
The relationships between the dependent variables discussed above with green finance in
the context of sustainable development are illustrated in Table 4.

Table 4. Relationships between key dependent variables and green finance in the context of sustain-
able development.

Publication

Links with Green Finance
in the Context of Sustainable
Development

Key Dependent

Variables Key Findings

Long-term reduction in CO,

(Rasoulinezhad and
Taghizadeh-Hesary
2022)

CO;, emissions, GEI, green
bonds, energy efficiency

emissions through green bonds
and GEI; lack of short-term causal
relationships; political
implications for long-term
investment support.

Green finance supports the
implementation of green energy
projects, improving energy efficiency
and reducing CO, emissions.

(Taghizadeh-Hesary
and Yoshino 2020)

Green financing
challenges,
investment risks

Solutions include PFIs, NBFIs,
redistribution taxes, GCGSs, and
public trusts to reduce risks and

increase green investments.

PFIs and GCGSs reduce financial
risks associated with green projects,
increasing their attractiveness to
private investors.

(Dikau and Volz 2021)

Central bank mandates,

climate risks, ESG factors

Central banks integrate climate
risks into mandates and policy
frameworks, promoting
sustainability in the
financial system.

Central banks play a role in
promoting sustainability by
managing risks and directing capital
towards green investments.

(Sinha et al. 2021)

Green bond returns,
sustainability indices

Green bonds gradually impact
ecological and social
responsibility; need for careful
policy design.

Green bonds influence ecological and
social responsibility over time,
requiring policies to maximize

positive outcomes.

(Soundarrajan and
Vivek 2016)

Sustainable economic
growth,
environmental impact

Green finance links the financial
industry with environmental
improvements and economic

growth; role of Indian banks in
promoting sustainable
development.

Indian banks promote sustainable
development through investment
decisions and support for social and
environmental goals.

Second, RQ2 examines the trend of green finance publications over time and their
citation impact. The bibliometric analysis indicates a consistent increase in the number of
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publications from 2016 to 2024, with a significant surge in recent years. The “Sustainability
(Switzerland)” journal leads the field with the highest number of publications and citations,
reflecting its central role in disseminating research on green finance. The journal “Environ-
mental Science and Pollution Research” also stands out with substantial contributions. The
increasing trend of publication and citation counts underscores a growing interest in and
recognition of green finance as a critical area of research within sustainable development.

Third, RQ3 focuses on the most common and influential keywords used in green

i

finance research. The analysis identifies key terms such as “green bonds”, “climate change”,
“renewable energy”, “green economy”, and “ESG (environmental, social, and governance)”
as prevalent in the literature. These keywords reflect the core themes and research interests
within the field, emphasizing the multi-faceted nature of green finance and its intersection
with various sustainability aspects. The word tree and word cloud visualizations further
elucidate the structure and impact of these keywords, providing a comprehensive overview
of the thematic focus in the literature.

Fourth, RQ4 delves into the geographic distribution and institutional affiliations
of the studies. The findings show that China leads in both the number of publications
and total citations, followed by the United Kingdom and Pakistan. Institutions such as
Jiangsu University, China University of Mining and Technology, and Guizhou University
of Finance and Economics are identified as the most prolific in terms of publication output.
This geographic and institutional analysis highlights the global spread of research activities
and the significant contributions from certain regions and organizations.

In addition, to improve these findings, a Google Trends search was performed on
certain criteria (two search terms: “green finance” and “sustainable development”; time
range: 2004—present; region: worldwide; categories: all; search type: web search) to show
the global interest in the topic. The results for interest over time show that, from 2018
to today, there has been remarkable interest in both sustainable development and green
finance (see Figure 13).

PPttt

Figure 13. Interest over time in worldwide Google searches for the terms “green finance” (blue) and
“sustainable development” (red) for the period 2004—present (source: Google Trends).

Another area of research interest is the analysis of the geographic distribution of the
popularity of search terms. The data show that the term “sustainable development” was
most popular during the indicated time frame in the regions of Malawi, Zimbabwe, and
Nepal, while the term “green finance” was most popular in the regions of St. Helena, Hong
Kong, and Luxembourg. These two further inputs might be useful to boost the directions
of future research perspectives.

Fifth, RQ5 focuses on the scope of research and key trends for future research in green
finance for sustainable development. Research in this field has expanded significantly in
response to multiple global initiatives, guidelines from task forces or special networks, and
the institutional frameworks of various countries. The analysis of co-citations reveals the
intellectual structure in this area, creating a network of interconnected citations and visual-
izing intellectual progress. This includes identifying key publications and themes through
co-citation analysis, such as green investments, the green financial sector, renewable energy,
and their economic and ecological impacts.

The social structure of research is also an important aspect, revealing interactions
between authors, institutions, and countries contributing to research in green finance. The
analysis of co-authorship networks shows the collaboration network between different
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organizations, highlighting leading institutions such as Zhejiang Yuexiu University, Wuhan
University, and Bahauddin Zakariya University.

The conceptual structure of research is revealed through the analysis of co-occurring
keywords and terms in scientific publications. This analysis outlines the scope and connec-
tions within the researched scientific issues, identifying key terms such as “green finance”,

“green economy”, “economic development”, “China”, and “innovation”.
Regarding the main trends for future research, the following directions are outlined:

Innovative financial instruments;
Digitalization and green finance;

Effects on poor and vulnerable communities;
“Green financial” regulations and policies;
Green finance and consumer behavior;
Adequate impact measurement.

More specifically, future research should develop and investigate new financial instru-
ments and mechanisms such as green derivatives (Saguato 2023), carbon credits (Trouwloon
et al. 2023), and sustainable ETFs (Conlon et al. 2024) to facilitate investments in green
projects, and explore how these instruments can improve access to capital for small- and
medium-sized enterprises and innovative start-ups dealing with clean technologies. Addi-
tionally, it should analyze the impact of blockchain technologies and fintech innovations
(Jiang et al. 2023; Kwong et al. 2023) on the green financial sector to enhance transparency,
traceability, and trust in green investments while reducing transaction costs. Another
important aspect to future research is the impact of green finance on social justice and
reducing inequality, specifically how green investments can improve living conditions
for poor and vulnerable communities while supporting sustainable development (Kohn
2012). Furthermore, a direction for future research could also be the impact of regulatory
frameworks and government policies on the development of the green finance market.
These studies should analyze how different policies, such as renewable energy subsidies
(Pan and Dong 2023), tax incentives, and green bonds, can stimulate investment in sustain-
able projects. Additionally, research could focus on how changes in consumer preferences
towards greener products and services can stimulate green investment (Gu et al. 2023).
Finally, developing methodologies and tools to assess, measure, report, and audit the
impact of environmental, social, and economic benefits of green investments on sustainable
development in a transparent and standardized way is another important direction for
future research.

Overall, this bibliometric analysis provides valuable insights into the challenges and
trends in green finance research. It identifies key publications, influential authors, leading
institutions, prevalent themes, and geographic distributions, offering a comprehensive
understanding of the field’s landscape. These findings not only reflect the current state
of research, but also guide future studies by highlighting critical areas of interest and
influential contributors in the domain of green finance and sustainable development.
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