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Abstract

The review provides the results of the analysis of research publications in the field of
energy economy on a global scale. The review aims to test three hypotheses and build
and analyze the main trend lines and clusters to determine the direction of movement of
new knowledge in the energy economy research. This review delves into the multifaceted
nature of energy transitions, highlighting the pivotal role of policy frameworks, financial
instruments, and technological innovation. By examining the socio-economic implications
of renewable energy deployment and addressing the challenges associated with energy
storage and grid integration, this study contributes to the ongoing discourse on sustainable
energy development. The review used scientometric, correlation, and bibliometric methods
of analysis. Artificial Intelligence was used to process 411,396 units of information (a special
prompt was created). There is a new scientific result: (a) research hypotheses 1 and 3 were
accepted, research Hypothesis 2 was rejected; (b) new trend lines showed the directions
where the global energy economy is heading; (c) new clusters showed the top five leading
countries and top 10 keywords in the field of energy economy; (d) leading journals in
the studied area were found. The review indicated an underrepresentation of specialized
journals in this field among the top journals. The review also showed that several keywords
characterizing the sixth technological paradigm are missing from the top 10 keywords.
This result suggests that these research areas were underrepresented in citation-based
bibliometric data in energy in 2021-2024. The review is useful to identify promising and
problematic areas for future research in the global energy economy.

Keywords: energy; energy economy research; energy efficiency; knowledge economy;
sixth technological paradigm; innovations; sustainable development; economics; economic
and social effects

1. Introduction

This review continues the authors’ previous publication on the influence of knowledge
and innovation on energy development [1]. In the mentioned paper [1], the authors
analyzed the problems of Polish energy, including renewable energy. The analysis was
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carried out from the point of view of the knowledge economy. The current work retains
economic approaches to the study of the energy sector. Here, the main trends and clusters
in the field of energy economy have been built and studied. The first difference between
this paper and the previous one [1] is the global approach, since the previous focus was on
local energy in Poland. Further, in the previous publication, research in the Polish energy
sector was analyzed [1]. The new article focuses on analyzing research in the energy sector
economy. The second difference is the change in the focus of our research. Both differences
are implemented based on the knowledge economy, which occupies a central place in
modern economic research, including the energy sector [2-11]. The knowledge economy
is “production and services based on knowledge-intensive activities that contribute to an
accelerated pace of technical and scientific advancement” [5].

Knowledge is an essential and effective resource in the modern economy that helps
enterprises increase revenues through market growth [8]. The knowledge economy relies
on intellectual resources, including innovation, scientific knowledge, and information [12].
In other words, “a key component of the knowledge economy is a greater dependence
on intellectual capabilities than on physical costs or natural resources” [5]. Therefore, the
knowledge economy helps to accelerate the implementation of innovations and create new
value for customers [8].

Currently, civilization is meeting with the sixth technological paradigm [13-16]. The
use of artificial intelligence [16,17], digitalization of management processes [15], and the
processing of big data [1,17] contribute to increasing the technological and economic
efficiency of civilization. The characteristics of the sixth technological paradigm require
new knowledge, which is generated from scientific research and reflected in scientific
publications [1,4,11,17].

Energy is one of the key industries that determines the development of the sixth
technological paradigm [18,19]. The knowledge economy, based on access to new infor-
mation [4,5,7,12] and active interaction between various sectors of the economic complex,
is becoming a driving force for creating and implementing innovations in the energy
sector [1,7,18-20]. For example, recent data indicate that transferring technology and
knowledge is vital for energy efficiency and sustainability [20].

Scientific publications play an essential role in the dissemination of new knowledge
and the implementation of innovations. They record the results of scientific research. Sci-
entific publications facilitate the exchange of ideas and the generation of new hypotheses.
They also form the basis for creating networks for interdisciplinary and international coop-
eration [13-16,18,19]. The publication of scientific articles in reputable scientific journals
stimulates cooperation between scientists and industry, especially in the energy sector [1].
Journals indexed in databases recognized by the scientific community, such as Scopus and
Web of Science, play an important role in the knowledge economy [1,5,17]. For the scientific
community, publications in such journals become the basis for creating global scientific
networks and integrating knowledge with real technologies [1,13-17,20]. The energy sector
needs such integration since economic decisions can be considered an ideological compo-
nent of innovations in the knowledge economy [1,17]. It seems logical that the growth (fall)
in the number of scientific publications on the “economy” in the world will lead to the
growth (fall) in the number of publications on the “energy economy” in the world.

Figure 1 shows the results of scientometric and correlation analyses [1,17] for the
keyword “economy.” The scientometric analysis was performed based on the search re-
sults for scientific publications in the Scopus database from 2015 to 2023 (393,040 search
results, https:/ /www.scopus.com/term/analyzer.uri, accessed on 30 October 2024). The
keyword “economy” was chosen due to the importance of the ideological component of
innovation [1,17] in the energy sector.
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Figure 1. The number of publications on the keyword “economy” in the world.

Visually, Figure 1 demonstrates an increasing trend line with R? = 0.9867. This value
indicates a growing interest in this topic among scientists worldwide.

The correlation coefficient R? = 0.9867 indicates an extremely high degree of linear
dependence between the variables under consideration. A R? value close to 1 means
that 98.67% of the variation in the dependent variable is explained by changes in the
independent variable within the model. This value indicates an almost perfect fit of the
data with the trend line.

The increasing trend line visualized in Figure 1 confirms the presence of a strong
positive correlation. This correlation means that an increase in the values of the independent
variable leads to a proportional increase in the values of the dependent variable. The high
R? coefficient also emphasizes the stability of the model and its high predictive ability.
However, it should be noted that statistical dependence does not always mean causation.
Therefore, the value of R? = 0.9867 confirms the existence of a strong positive linear
relationship between the variables. It is possible to conclude that the stable growth in
the number of publications on “economy” leads to a stable growth in the number of
publications in the field of “energy economy” worldwide.

Search Hypothesis 1: The global trend line for the number of publications in the field of energy
economy is steadily increasing from 2015 to 2023.

Search Hypothesis 2: The growth in the number of publications in the field of energy economy
does not have abnormal deviations from the straight trend line.

Search Hypothesis 3: The transition to a sustainable energy future requires a multifaceted
approach, combining technological advancements, supportive policies (including economic), and
societal shifts.

The purpose of the review is to test three research hypotheses and shed light on the
global trend lines and clusters in the field of energy economy. The time frame of the
study was from 2015 to 2023. Therefore, all extreme events (COVID-19, full-scale war in
Ukraine, etc.) affect the final result.

The scientific novelty of the study is the acceptance of both proposed research hy-
potheses, the new application of Al tools to solve a specific research problem, and the
construction and analysis of trend lines and clusters describing the state of the global en-
ergy economy on a stable section of the trend line with high predictive potential. The main
conclusions expressed in the review: (1) The trend line of interest of scientists in research in
the energy economy is steadily directed upward, i.e., the number of publications in this
area is moving up (growing); (2) The share of research in the field of energy economy was
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moving upward until 2021. In 2021, it reached a state of stability and moved almost parallel
to the abscissa axis from 2021 to 2024; (3) The top five countries that lead the scientific
community in energy economy research are China, India, the USA, the United Kingdom,
and Italy; (4) The top five scientific journals that lead the scientific community in energy
economy research are Sustainability (Switzerland), Journal of Cleaner Production, E3S Web
of Conferences, Energies, and Energy. Most citations are in the Journal of Cleaner Production,
Sustainability (Switzerland), Energy, and Energies; (5) The top 10 keywords showing the

an

most cited areas of research in energy economy are “sustainable development,” “economic

a a a ”oa

analysis,” “energy efficiency,” “energy utilization,” “economic and social effects,” “eco-

s ” o I

nomics,” “carbon dioxide,” “renewable energies,” “alternative energy,” and “renewable
energy resources.” Based on the review results, the goals of future research are planned;
(6) The main directions of future research are shown.

The article is structured as follows: Introduction (presents the relevance of the problem,
hypotheses, scientific novelty, and practical significance); Materials and Methods (describes
the main steps of the study); Results and Discussion (the authors test three hypotheses
and discuss the results obtained); and Conclusions (the authors confirmed the research
hypotheses, summarized the main results of the bibliometric analysis, identified key trends
and clusters in the field of energy economics, and outlined the limitations and directions

for future research).

2. Materials and Methods

This manuscript continues to publish the results of a previously initiated general study
in the scientific fields of “energy” [1] and “economy” [17]. This part of the general study
was conducted from 7 May to 18 December 2024. This part was carried out in several stages.

In the first stage, a general assessment of the research area was performed through
a classical literature review, scientometric analysis (qualitative study), and correlation
analysis (quantitative study). Scientometric analysis was performed based on the results
of a search for scientific publications by the keyword “economy” in the Scopus database
from 2015 to 2024 (445,480 search results, https://www.scopus.com/term/analyzer.uri,
accessed on 30 October 2024).

In the second stage, research hypotheses 1 and 2 were tested. First, scientometric and
correlation analyses of scientific publications in the field of global energy economy were
performed. Scientometric analysis was performed by searching scientific publications in
the Scopus database from 2015 to 2023. For this purpose, publications related to the energy
sector “energy” were selected from 393,040 search results for the keyword “economy.” A
total of 46,964 search results were used to construct a trend line of publications in the field
of energy economy in the world. To compare trend lines and their sections, the article
systematically uses the standard linear trend model in the following form:

y=ax+b, 1)

where x—year (time indicator), y—number of publications or share of publications, and
a—coefficient reflecting the slope.

R?>—determination coefficient assessing the degree of conformity of empirical data to
a given linear relationship.

Then, the authors constructed a graph reflecting the share of publications (%) on
the topic of “energy economy” relative to the number of publications on the subject of
“economy” in the world. This graph of the relative weight of publications in the field of
global energy economy was divided into two trend lines: 2015-2021 and 2021-2023. The
trend line section after 2021 was selected for further study of trends and clusters in the field
of energy economy worldwide.


https://www.scopus.com/term/analyzer.uri

Energies 2025, 18, 3438

50f24

During the fourth stage, the trend line in the field of energy economy (2021-2024) was
analyzed to study the top five positions among the following;:

- Countries by the number of publications;
- Scientific journals by the number of publications;
- Scientific journals by the number of citations.

The number of citations of scientific articles is an essential indicator of the influence and
significance of the research. The more citations an article has, the more interest it generates
in the scientific community. In simple terms, we can say that the number of citations reflects
the innovative, breakthrough, revolutionary nature of the published information.

Citations can also indicate the quality and reliability of the research since the more
reputable scientists refer to an article, the more likely it is to contain valuable information.
Thus, the number of citations plays an important role in the scientific community, helping
to track influential articles, reputable journals, and modern trends in research areas.

To process a large array of bibliometric data (7825 scientific documents containing
411,396 citation records), an artificial intelligence (AI) system was used with a multi-
step prompt (Appendix A). The model was based on the GPT-4o0 architecture and could
statistically process data. The analysis included (1) sequential structuring of raw publication
metadata in Excel tables; (2) sorting and systematization of data by publication sources;
(3) calculation of statistical indicators: the mathematical expectation of the number of
citations per article M(x), the standard deviation for the sample and the general population
5(x), S(x — 1); and (4) ranking of journals by citation indicator. Quality control included
checking for outliers, merging duplicate journal titles, and uniform processing criteria for
all data subsets. This methodology ensured transparency, reproducibility, and statistical
reliability when analyzing citation dynamics in energy economics.

Research Hypothesis 3 was tested using data from 2021 to 2024. At this stage, biblio-
metric analysis was used for the keywords “econom*” and “energ*”. Bibliometric analysis
(qualitative study) was performed based on the search results for scientific publications in
the Scopus database from 2021 to 2024 (407,552 search results, https:/ /www.scopus.com/
accessed on 10 December 2024, analysis tool—VOSviewer, version 1.6.19, ©2009-2023 Nees
Jan van Eck and Ludo Waltman). The main clusters for the keywords “econom*” and
“energ*” were built and analyzed.

Finally, the authors discussed the results.

3. Results and Discussion
3.1. Testing Research Hypothesis 1

Figure 2 shows the results of scientometric and correlation analyses of publications in
the field of energy economy worldwide. The scientometric analysis was performed based
on the results of a search for scientific publications in the Scopus database from 2015 to
2023 (46,964 search results).

Visually, Figure 2a demonstrates an increasing trend line with R? = 0.9670. This value
indicates a growing interest in this topic among scientists worldwide. The correlation
coefficient R? = 0.9670 indicates an extremely high degree of linear dependence between
the variables under consideration. A R? value close to one means that 96.70% (Figure 2)
of the variation in the dependent variable is explained by changes in the independent
variable within the model. This value indicates an almost perfect fit of the data with the
trend line. The increasing trend line visualized in Figure 2 confirms the presence of a strong
positive correlation. This trend means that an increase in the values of the independent
variable leads to a proportional increase in the values of the dependent variable. The high
R? coefficient also emphasizes the stability of the model and its high predictive ability.
At the same time, it should be remembered that statistical dependence does not always
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mean causation. Therefore, the value R? = 0.9670 confirms the existence of a strong positive
linear relationship between the variables. It is possible to conclude and accept research
Hypothesis 1 that the global trend line of the number of publications in the field of energy

economy shows stable growth.
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Figure 2. The number of publications in the field of the global energy economy. (a) General view of
the trend line. (b) Trend lines in the form of separate sections.

In turn, Figure 2b shows a more interesting picture. First of all, Figure 2b shows
five sections of a straight line with different slopes (statistical characteristics are summarized
in Table 1).
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Table 1. Statistical characteristics of straight lines in Figure 2.

Time Limits Regression Equation R? A
2015-2023 y =1073.1x — 147.11 0.9670 1073.1
2015-2018 y = 637.3x + 945 0.9935 637.3
2018-2020 y =1134.5x — 1055.8 0.9995 1134.5
2020-2021 y =2410.0x — 8694 1.0000 2410.0
2021-2022 y =490.0x + 4746 1.0000 490.0
2022-2023 y = 950.0x + 1066 1.0000 950.0

Table 1 shows the overall slope of the trend line of the global energy economy equal
to 1073.1 with a correlation coefficient of R? = 0.9670. Dividing the overall dependence
(Figure 2a) into separate sections (Figure 2b) led to higher values of the correlation coef-
ficient for each section (Table 1). Table 1 shows a weaker increase in publications in the
2015-2018 section compared to the overall trend line (slope). This was the period before the
COVID-19 pandemic. In the 2018-2020 section, Table 1 shows an increase in publications
comparable to the overall trend line. This was the period of the COVID-19 pandemic. In
this section, the slope is higher than in the 2015-2018 section by almost two times. This fact
can be interpreted as the absence of a negative impact of the COVID-19 pandemic on the
publication activity of scientists in the field of energy economy.

The slope in the 20202021 section is two times higher than in the previous section. A
higher slope value than the general trend line also characterizes the 20202021 section. In the
next section (2021-2022), the slope decreases almost five times compared to the previous one.
During this period, civilization emerged from the pandemic, and the decline in publication
activity cannot be associated with this event. Further, in the 2022-2023 section, the slope
increased two times compared to the 2021-2022 section. The slope value approached the
slope value of the general trend line. In general, changes in the slope value in 2018-2023
(Table 1) can be associated with armed aggression in Ukraine. The world was preparing for
energy independence and increased the intensity of research. This hypothesis is not the
purpose of this review. It can be tested at the next stage of the study.

Changes in the slope of the trend line in individual sections by 2-5 times can be
considered anomalies in the publication activity of scientists in the field of energy economy.
The final section (2022-2023) is characterized by a slope approximately equal to the slope
of the general trend line (2015-2023). Thus, the first research hypothesis is accepted, and
the second is rejected.

It is interesting to compare the number of scientific publications in the energy economy
and the economy field. The result will show both the general interest of economists in
energy economics and the trend line of such interest.

Figure 3 shows the share of publications (%) in the field of energy economy relative to
the number of publications on the topic of “economy” in the world. A total of 445,480 search
results of scientific publications in the Scopus database from 2015 to 2024 were used to plot
the graph.

Figure 3 shows a graph representing two trend lines with a break in 2021. A steadily
increasing trend line up to 2021 is described by the regression equation y = 1.2881x + 4.7997
with R? = 0.9730. This value indicates a growing interest in this topic among scientists
worldwide. This line likely reflects innovation’s outpacing growth at the intersection
of economics and energy against the background of economic research. This outcome
may result from changes in energy technologies [18,19] and economic science, as in the
ideological component of innovation [5,13,17]. The correlation coefficient R? = 0.9730
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indicates an extremely high degree of data consistency with the trend line, which means
minimal scattering of points around the trend line. The visually increasing trend line in
Figure 3 (blue) confirmed the presence of a positive relationship. As the values of the
independent variable increased, the dependent variable also increased.
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Figure 3. Share of publications (%) in the field of energy economy relative to publications on the topic
of “economy” in the world.

Further, after 2021, we see a trend line almost parallel to the abscissa axis (Figure 3).
This trend line is described by the regression equation y = 0.1241x + 13.75 with R? = 0.7397.
This value indicates a slowdown in the growth rate of research in this area. So, publications
on the topic of energy economy have reached an equilibrium point among other areas of
economic science. This observation may result from the completion of transformations in
energy technologies [18,19] and transformations in economic science, as in the ideological
component of innovation [5,13,17]. The correlation coefficient R? = 0.7397 indicates a high
degree of linear dependence between the variables under consideration. The R? value of
0.7397 means that about 73.97% of the variation in the dependent variable is explained
by changes in the independent variable. This value indicates a positive correlation be-
tween the variables and suggests that the linear trend model describes the observed data
well. However, about 26.03% of unexplained variation remains, which may be due to
the influence of other factors not included in the current model or random fluctuations.
Thus, Figure 3 shows the stabilization of the share of publications in the field of energy
economy concerning the total number of publications on the topic of “economy” in the
world (2021). This stable section of the graph after 2021 was adopted to study the clusters
and top five positions in the global energy economy.

3.2. Analysis of the Top 5 Positions in the Field of Energy Economy (2021-2024)
3.2.1. Top 5 Leading Countries in the Global Market of Scientific Products
(Energy Economy)
Figure 4 shows the number of publications in the Scopus database in the field of energy
economy for the top five leading countries (231,511 search results from 2021 to 2024).
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Figure 4. Top 5 leading countries by the number of publications in the Scopus database in the field of
energy economy.

Figure 4 shows that China is the absolute leader in the number of publications. It
is followed by countries such as India, the United States, the United Kingdom, and Italy.
China is ahead of the other top countries by 2000-2500 publications annually.

In China, the number of publications in the field of energy economy increases sharply
from 2021 to 2023. In 2024, the decline in the number of publications is disproportionately
high (Figure 4).

In India, the number of publications in the field of energy economy is gradually
increasing from 2021 to 2024. In the other top leading countries, it has remained virtually
unchanged. A slight decline in the number of publications in Italy can be compensated by
the end of the year (Figure 4).

Thus, Figure 4 demonstrates the clear quantitative dominance of Chinese scientists in
the global market of scientific products in the field of energy economy.

3.2.2. Top 5 Leading Journals by the Number of Publications in the Global Market of
Scientific Products (Energy Economy)

Figure 5 shows the number of publications in the Scopus database in the field of energy
economy for the top five leading journals (231,511 search results from 2021 to 2024).

Figure 5 shows that the absolute leader in the number of publications is the jour-
nal “Sustainability” (Switzerland). This journal is ahead of the other top journals by
500-1500 publications annually.

Also, Figure 5 shows that scientific publications in the field of energy economy were
not published in journals with an economic profile. Two of the top five journals are journals
on energy: “Energies” (fourth position) and “Energy” (fifth position). The first three top
scientific publications are weakly related to the energy economy, judging by their titles. The
specialized journal “Energy Economics” is in seventh position in the rating. This scientific
fact may indicate problems with publishing research results in specialized scientific journals
in the studied field. For example, such problems may be a small number of specialized jour-
nals, a long period of the editorial process, an unreasonably high APC, etc. Thus, Figure 5
demonstrates the clear quantitative dominance of the scientific journal “Sustainability”
(Switzerland) in the world market of scientific products in the field of energy economy.
Figure 5 may indicate an underrepresentation of specialized journals in this field among
the top journals. This fact may require further study of the structure of submissions or
editorial dynamics.
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Figure 5. Top 5 leading journals by the number of publications in the Scopus database in the field of
energy economy.
3.2.3. Top 5 Leading Journals by the Number of Citations in the Global Market of Scientific
Products (Energy Economy)
Figure 6 shows the top five leading journals and the number of citations of previously
published papers in the field of energy economy in these journals (394,300 search results
from 2021 to 2024).
MRl
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Figure 6. Top 5 leading journals and the number of citations of previously published publications in
the field of energy economy.

Figure 6 shows that the articles published in the journals “Journal of Cleaner Pro-
duction” and “Sustainability” (Switzerland) received the most citations. The number of
citations of articles decreases in direct proportion from 2021 to 2024. The value of the
correlation coefficient R> demonstrates a strong positive relationship between the variables
and confirms the statistical significance of the dependence.

Articles published in the journals “Energy” and “Energies” received approximately
three times fewer citations (Figure 6). In these journals, the number of citations of articles
also decreases in direct proportion from 2021 to 2024.
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The value of the correlation coefficient R> demonstrates a strong positive relationship
between the variables and confirms the statistical significance of the dependence. Publica-
tions in the scientific journal “E3S Web of Conferences” have a very low number of citations
(Figure 6). In addition, the value of the correlation coefficient R? = 0.5709 indicates that
the model explains the data only partially. Although a linear dependence is present, it is
not extremely strong, which requires a cautious approach when interpreting the results.
This indicator demonstrates that changes in the independent variable have a noticeable but
incomplete effect on the dependent variable.

The highest value of the correlation coefficient is shown by the journals “Sustainability”

i

(Switzerland), “Energies,” “Journal of Cleaner Production,” and “Energy” (Figure 6). These
journals provide predictable growth in publication citations over three years.

Thus, the least authoritative of the top five scientific publications is “E3s Web of Con-
ferences”. This publication has the lowest number of citations and the weakest predictive
potential. The journals “Journal of Cleaner Production”, “Sustainability” (Switzerland),
and “Energies” are the most authoritative in terms of citation counts among the top five
scientific journals publishing articles in the field of energy economy. They have a high
predictive potential.

The statistical characteristics of the trend lines are summarized in Table 2.

Table 2. Statistical characteristics of trend lines in Figure 6.

Journal Regression Equation R? A
Journal of Cleaner 460 0y 4 2 5 107 0.9534 —10620.0
Production
Sustainability _ 7 B
(Switzerland) y =—10078.0x + 2 x 10 0.9982 10078.0
Energy y = —2273.8x +5 x 105 0.9054 ~22738
Energies y=—27257x+6 X 100 0.9761 —2725.7
E3S Web of y = —468.3x + 947,752 0.5709 —468.3
Conferences

Table 2 shows the differences in the slope of the trend lines for different journals.
According to Table 2, the journals “Journal of Cleaner Production” and “Sustainability”
(Switzerland) provide the fastest growth in publication citations.

Then, the authors analyzed 411,396 pieces of information using artificial intelligence.
Table 3 shows the results of processing the array of articles on energy economy for 2024
using a prompt (Appendix A). The “M(x)” column ranks the obtained data.

Table 3. Top 5 journals by the criterion “Number of citations per paper” for 2024.

Number of Number of

Ne Journal Title Citations Papers M(x) S(x) Sx—1)
1 Journal of Cleaner 1451 551 2.6334 3.9561 3.9525
Production

2 Energy 600 240 2.500 4277 42681
Energies 227 266 0.9925 2.0113 2.0075

4 Sustainability 414 1194 0.7286 1.2554 1.2548

(Switzerland)
5 E3s Web of 41 315 0.1302 0.8132 0.8119

Conferences
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Table 3 shows that in 2024, the two most cited journals were the Journal of Cleaner
Production and Energy. The mathematical expectation M(x) of the number of citations for
publications in these journals is more than two citations per publication.

The second echelon regarding paper citations comprises the Energies and Sustainability
(Switzerland) journals in 2024. As of the analysis date, M(x) of the number of citations was
slightly less than 1.0.

The third position is occupied by the publication E3S Web of Conferences. M(x) of
the number of citations is slightly more than 0.13. Journals that are not included in the top
five journals by the number of citations are not shown in Table 3.

Table 3 helps experts in the energy economy choose the optimal publication trajectory.
Statistical indicators allow both to compare the citation rate of journal publications with
each other and with a given number p.

The comparison of M(x) was performed for 2021-2023. Higher M(x) values characterize
the obtained data. These data are similar to the data presented in Table 3. So, the list of the
top five journals with the highest number of citations for 2021-2024 is provided in Table 3.

3.3. Testing Research Hypothesis 3

Research Hypothesis 3 was tested using bibliometric analysis based on 407,552 search
results. The search used the keywords “econom*” and “energy*” from 2021 to 2024. The
2000 most cited articles showed the result of the final analysis.

Query: “econom*” AND “energ*”.

Total number of articles in the Scopus database: 407,552.

Period of analysis: 2021-2024 (December 10).

Areas: economics, econometrics, and finance; energy.

Number of articles after the first limitation: 67,925.

Dataset for analysis: 2000 from 67,925 (2000 more cited in the dataset).

Total number of keywords in VOSviewer: 13,892.

Keywords for analysis in the first stage—289 (not less than 21 occurrences in search results).

Keywords for analysis in the second stage—top 10 keywords.

Keyword map in the first stage—Figure 7.
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Figure 7. Query “econom*” and “energ*”: keyword map (https:/ /www.scopus.com/ accessed on 10
December 2024, analysis tool—VOSviewer).
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Country map in the first stage—Figure 8.
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Figure 8. Query “econom™*” and “energ*”: countries map (https://www.scopus.com/ accessed on 10

December 2024, analysis tool—VOSviewer).

Keyword map in the second stage—Figure 9.
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Figure 9. Query “econom*” and “energ*”: keyword map. Top 10 keywords (https://www.scopus.

com/ accessed on 10 December 2024, analysis tool—VOSviewer).

Key elements in Figure 7.

Figure 7 illustrates the interconnected landscape of research on sustainable energy,
highlighting key themes and frequently co-occurring terms within the academic literature.

At the center of the network are concepts such as “sustainable development,”

carbon
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dioxide,” “renewable energy,” and “energy utilization,” indicating their foundational
role across various subfields. Surrounding these core terms are more specialized topics,
including technological innovations like hydrogen production and energy storage, and
broader themes such as economic growth, environmental quality, and policymaking. The
density and linkage of terms suggest a high level of interdisciplinarity in the field, with
strong ties between environmental, economic, and engineering-oriented research. This
visualization effectively maps how diverse research efforts advance the global discourse on
sustainable energy and climate solutions.

The red cluster emphasizes scientific and technological aspects, centering around
“energy storage,” “hydrogen production,” and “optimization.” This cluster connects to
specific terms like “fuel cells,” “exergy,” “multi-objective optimization,” and “heat storage,”
highlighting the importance of advanced energy technologies and strategies in achieving
energy efficiency and storage solutions.

The green cluster dominates the visualization and focuses on concepts central to

i

sustainable development, including “economic growth,” “economics,” “environmental

sustainability,” and “energy utilization.” These terms are interwoven with topics like

7o

“carbon dioxide,” “environmental quality,” and “urbanization,” suggesting a strong link
between economic and environmental considerations in energy systems.

The blue cluster focuses on “biomass” and “fossil fuels” with associated terms like
“gasification,” “biofuels,” and “circular economy.” It reflects exploring alternative energy
sources and their role in transitioning from fossil fuel reliance.

The yellow cluster serves as a bridge between scientific and policy-oriented topics.

” o

with key terms like “alternative energy,” “renewable energy,” and “carbon neutrality.” This
cluster indicates a connection between renewable energy technologies, broader sustainabil-
ity goals, and environmental responsibility.

Key elements in Figure 8.

Figure 8 displays a co-authorship network among countries, illustrating the collabora-
tive research landscape. The size of each country’s node indicates its overall research output
or influence within the network, while the lines connecting them represent collaborative
relationships. The clustering of countries into distinct colored groups suggests the presence
of regional or historically formed research alliances and communities.

The red cluster is dominated by Western countries like the United States, the United
Kingdom, and Germany, which are closely linked to each other and form another major
hub of activity or influence. This cluster highlights the interconnected nature of research
and collaboration among developed nations in Europe and North America and their ties
with countries such as Brazil and Spain. The red cluster corresponds to the results of scien-
tometric analysis in the field of energy economy for the top five leading countries (Figure 4).

In this network, China stands out as the most prominent node, with a central position
in the green cluster, suggesting its pivotal role in analyzing the topic through research
output, collaboration, or influence. Surrounding China in this cluster are other Asian
countries such as India, Pakistan, Malaysia, and countries like Turkey, indicating a strong
regional connection or shared thematic focus. The green cluster corresponds with the
results of scientometric analysis in the field of energy economy for the top five leading
countries (Figure 4).

The blue cluster, meanwhile, includes countries such as Poland and Ukraine, represent-
ing a separate yet interlinked group with moderate activity or regional influence. However,
Poland has more universities than Canada, which is in the blue cluster. Poland appears
weaker than Canada. Several problems of universities in Eastern European countries have
been proven earlier [1,17,21]. A new problem has been added to these problems in Poland.
This problem is the weak position in the world market of scientific products in the field
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of energy economy (Figure 8). This problem confirms the importance of additional local
research into the issues at the intersection of Polish energy and economic sciences [1,17] in
the future.

The yellow cluster features countries in the Middle East, such as Saudi Arabia and the
United Arab Emirates, as well as parts of Africa and smaller nations with specific ties to
other regions.

Key elements in Figure 9.

i

The red cluster centers around terms like “sustainable development,” “energy uti-

v

lization,” “carbon dioxide,” and “economic analysis.” These nodes suggest a focus on
integrating energy efficiency and economic analysis within the broader context of sustain-
able development. Key connections among these terms highlight the interplay between
energy use, economic factors, and social effects, underscoring the importance of evaluating
energy systems’ economic and social implications in achieving sustainability goals.

a

The green cluster is anchored by terms such as “renewable energies,” “alternative
energy,” and “renewable energy resources.” This cluster emphasizes the transition to
renewable energy solutions and their role in mitigating carbon emissions while foster-
ing sustainability.

The connections between the green and red clusters illustrate the close relationship
between renewable energy adoption and sustainable development objectives. Overall, this
network depicts the interconnectedness of economic, environmental, and energy-related
topics, showing how they collectively contribute to the discourse on sustainability and
renewable energy advancements.

Thus, the bibliometric analysis revealed a complex relationship and mutual influence
of the top 10 keywords in the research area. Figure 9 explains the top five list of journals
that publish research results in the field of energy economy (Figure 5).

An analysis of the top five cited articles for the above-mentioned search query showed
the following features.

Authors [22] present a comprehensive review of hydrogen energy systems. The study
explores various hydrogen production, storage, and application technologies to highlight
their potential as a clean energy carrier. Achieving carbon neutrality hinges on developing
“green hydrogen,” produced through renewable energy sources like solar or wind power.
However, challenges remain concerning hydrogen production and infrastructure efficiency,
and scalability. Zhao et al. [23] identify key strategies and countermeasures for China
to achieve carbon neutrality, including energy transition, industrial restructuring, and
technological innovation. While renewable energy sources play a crucial role, addressing
carbon emissions embedded within manufacturing processes and infrastructure is equally
important. Rosenboom et al. [24] advocate for bioplastics as a sustainable alternative to
conventional plastics derived from fossil fuels. Bioplastics offer a closed-loop solution
within a circular economy, with the potential for biodegradation and reduced environmental
impact. However, challenges exist regarding production scalability, cost-effectiveness, and
ensuring bioplastics are biodegradable.

The paper [25] emphasizes the urgent need to address climate change and the crucial
role that renewable energy can play in mitigating its impacts. The authors discuss various
renewable energy technologies, their potential to reduce greenhouse gas emissions, and
the barriers and challenges to their widespread adoption. The paper also highlights the
importance of comprehensive policy and regulatory frameworks and the potential socio-
economic benefits of transitioning to a renewable energy-based economy.

The paper [26] further emphasizes the role of hydrogen in the energy transition,
highlighting its potential for decarbonizing hard-to-abate sectors such as transportation
and industry.
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As the analysis of these articles shows, the study focuses on technologies, not the eco-
nomic problems of their implementation. This fact is somewhat logical since the economy
is an element of innovation support [17], not an independent direction. This statement is
confirmed by analyzing the array of articles linking the economy and energy.

The journals that published these papers [22-26] are missing from Figures 5 and 6.
These five papers are among the 2000 most cited publications. Figures 5 and 6 cover
all publications in the field of energy economy. The citation analytics for Figure 6 were
performed using Al (Appendix A). Thus, the fact that the journals that published the
papers [22-26] are missing from Figures 5 and 6 and Table 1 does not contradict the
previously noted trends and clusters.

The development of the energy economy has become a critical focus in global research,
addressing financial, technological, and social dimensions. This review highlights the
contributions of recent studies to understanding the complex interplay of renewable energy
adoption, sustainable practices, and economic growth.

Publications not included in the top five by the number of citations cover various
research areas at the intersection of the economy and energy. Some of these publications
are analyzed below.

The article [27] comprehensively analyzes academic research trends related to the
smart transformation of the global energy sector. Research has extensively examined the
role of financial instruments in facilitating the transition to green energy. A bibliometric
analysis of scientific publications from 1954 to 2023 emphasizes the importance of financial
tools in advancing green energy adoption [28]. Similarly, a study on India’s progress toward
the Sustainable Development Goals (SDGs) demonstrates how economic investments in
renewable energy contribute to broader socio-economic objectives [29]. The study [30]
underscores the critical role of sustainable agriculture in addressing global challenges, pro-
moting environmental stewardship, supporting socio-economic progress, and renewable
energy (in biofuel production), aligning with the SDGs.

The critical role of renewable energy in addressing global environmental challenges is
highlighted in various studies. The author of [31] addresses how social sciences intersect
with climate change, offering unique perspectives on this global challenge. Research on
renewable energy adoption reveals its concentration in the power sector, with limited yet
moderate growth in transport and heating [32]. Increased renewable energy production
significantly reduces CO; emissions, affirming its importance in mitigating environmental
pollution [33,34]. Similarly, research finds that renewable energy consumption positively
correlates with GDP per capita and foreign direct investment but is negatively associated
with CO, and domestic gas emissions [35]. Findings in a study [36] reveal that environ-
mental and energy security are more closely linked than either is with economic security.

Technological advancements have been pivotal in transforming the energy economy.
Research on blockchain and Al highlights their ability to optimize energy consumption
and support decentralized energy markets [37]. Additionally, home energy management
systems in Italy demonstrate potential for enhancing residential energy efficiency and
achieving net-zero targets by 2030 [38]. Entrepreneurs and start-ups face unique challenges
in the renewable energy sector, including regulatory barriers [39] and investment risks [40].
The article [41] finds that increased exposure to climate change risks correlates with de-
creased firm value in the energy sector. However, the integration of eco-friendly strategies
and green branding is shown to enhance competitiveness and support sustainable devel-
opment [42]. At the same time, innovative solutions, such as using biofuels and waste in
Ukraine, present opportunities for sustainable energy development [43,44]. The article [45]
examines global research trends in household energy efficiency and renewable energy
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adoption. The article [46] examines Poland’s strategic initiatives and progress in expanding
offshore wind energy within the Baltic Sea.

Policy frameworks play a pivotal role in shaping the energy economy. Analyses of
Ukraine and Latvia’s renewable energy policies highlight the effectiveness of feed-in tariffs
and net metering in encouraging household solar energy adoption despite challenges in
financial sustainability [47,48]. The article [49] examines how local government policies
influence citizens’ decisions to reside in specific areas, focusing on the role of green policy
leadership. Study [50] also emphasizes the importance of aligning energy initiatives with
public expectations for successful implementation and sustained support. The research [51]
highlights the importance of integrating environmental assessments into energy policymak-
ing to ensure a balanced energy security approach, considering economic and ecological
factors. The article [52] examines the development and challenges of renewable energy in
Ukraine, focusing on public demand and governmental strategies.

The intersection of energy policies with social equity and public health is explored in
depth. Localized electricity pricing models in Ukraine demonstrate the potential for pro-
moting social equity and environmental sustainability [53]. Additionally, the public health
benefits of renewable energy adoption are emphasized, with waste-to-energy systems
and biofuels identified as significant contributors to sustainable energy development in
Ukraine [43,54,55]. The study [56] critically examines integrating environmental objectives
into economic recovery initiatives, particularly post-crisis redevelopment efforts.

The development of the energy economy is deeply intertwined with consumer be-
havior, which shapes energy consumption patterns, the adoption of renewable energy
technologies, and the effectiveness of energy policies. The authors of research [57] in-
vestigated the factors influencing young consumers in Georgia to participate in various
sharing economy models, including car-, ride-, accommodation-, tool-, meal-, tech-, and
fashion-sharing. They found that environmental awareness was a key motivator for car-
sharing participation, with a more significant impact on users than providers. According
to [58], awareness and understanding of environmental issues positively impact sustainable
behavioral intentions among young individuals in Jaipur, India.

The interplay between economic security and energy taxation has been a focal point
in energy economy research. Studies reveal that transport and energy taxes positively
influence biofuel production and consumption, with varying impacts depending on the
tax structure [59-61]. Furthermore, localized analyses highlight the importance of energy
consumption data in evaluating shadow economies and the effectiveness of environmental
taxes in promoting decarbonization [62-64].

A review of sources on the topic of the study once again showed the interest of
scientists from Eastern European universities in the problems at the intersection of energy
and economic sciences [1,17,43,46-48,52-55]. There is a similar interest in another post-
communist country, Georgia [57]. Returning to the knowledge economy approach [1,8,12],
we can note problems with using Al in Eastern Europe [17,65-67]. This direction may
become the goal of future research.

This body of research underscores the transformative potential of renewable energy,
supported by financial tools, technological innovation, and robust policy frameworks.
By addressing economic, environmental, and social dimensions, these studies provide
actionable insights for advancing the energy economy, fostering sustainability, and ensuring
energy security.

After summarizing the results mentioned above, we accept research Hypothesis 3
based on the following theses:

1. Effective policy frameworks and financial instruments are essential for accelerating
the transition to a low-carbon economy. Governments can be pivotal in creating sup-
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portive policies, such as feed-in tariffs, tax incentives, and carbon pricing mechanisms.
Additionally, financial institutions can fund renewable energy projects and innovative
technologies. International cooperation and knowledge sharing are also crucial for
driving global progress in sustainable energy development.

Energy transitions have significant socio-economic implications. While renewable
energy deployment can create jobs and stimulate economic growth, ensuring equitable
access to clean energy and addressing potential social and environmental impacts
is important. Careful planning and inclusive policy frameworks are essential to
minimize negative consequences and maximize the benefits of energy transitions.
The transition to a sustainable energy future requires a multifaceted approach, en-
compassing technological innovation, policy frameworks, and behavioral changes.
Renewable energy sources such as solar, wind, and bioenergy are crucial for reduc-
ing greenhouse gas emissions and mitigating climate change. However, challenges
with energy storage, grid integration, and policy implementation persist. Further
research and development are needed to enhance the efficiency and cost-effectiveness
of energy technologies.

4. Conclusions

This review led to the acceptance of research Hypothesis 1 and research Hypothesis 3.

Research Hypothesis 2 was rejected. Also, the scientific result of this review is as follows:

1.

A steadily growing trend line of the number of publications in the field of energy
economy (Figure 2). The trend line demonstrates a growing interest in research in the
field of energy economy and has a high predictive potential (R? = 0.9670). Thus, the
interdisciplinary “energy economy” research field is moving towards stable growth.
This fact means that this research field is promising in the near future.

A broken line reflecting the proportion of publications in the field of energy economy
against the background of the total number of publications in the field of economy
(Figure 3). This broken line consists of two sections. The first section is described
by a steadily growing trend line from 2015 to 2021 (R? = 0.9730). The second section
is represented by a virtually horizontal trend line from 2021 to 2024 (R? = 0.7397).
The second trend line demonstrates stability in the relationship between “energy
economy” and “economy” from 2021 to 2024. Thus, the interdisciplinary research
area of “energy economy” is in a stable equilibrium within economic research. This
fact means there are clusters of intensive research in this interdisciplinary area.

The high predictive potential of the horizontal trend line made it possible to study
the energy economy area in more detail from 2021 to 2024. The review showed
the following:

e  Four clusters showed a keyword map based on the analysis of the 2000 most
cited publications for the keywords “econom*” and “energ*” (Figure 7). Figure 9
shows the top 10 keywords in the research area. Thus, the interdisciplinary
research area “energy economy” is described by such keywords as “sustainable

a i

development,” “economic analysis,” “economics,” “economic and social effects,”

v v i

“energy efficiency,” “energy utilization,” “carbon dioxide,” “renewable ener-

"o

gies,” “alternative energy,” and “renewable energy resources.” This observation
means that research and publications using these keywords can lead to high
citation rates;

e Keywords related to the features of the sixth technological paradigm (use of
Al, digitalization of management processes, big data processing) are absent

from the top 10 keywords in the above clusters. This result suggests that these
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research areas were underrepresented in citation-based bibliometric data in
energy in 2021-2024;

e  Figure 4 shows the top five leading countries by the number of publications in
the studied area: China, India, USA, U.K,, and Italy. The results of the cluster
analysis adjusted this list. Four geographic clusters showed Italy is not among the
top five countries based on the 2000 most cited publications (Figure 8). Four geo-
graphic clusters showed the priority influence on the world market of scientific
products in the field of research of such countries as China, India, the USA, the
U.K,, Pakistan, and Turkey (Figure 8). That is, Italian scientists create a flow of
thematic publications. However, these publications, for the most part, do not
carry breakthrough, revolutionary information. Figures 4 and 8 demonstrate the
evident quantitative and qualitative dominance of Chinese scientists in the world
market of scientific products in the energy economy. In turn, the blue cluster
showed the problems of Eastern European universities in this interdisciplinary
field of research (Figure 8);

e  The top five scientific journals with the maximum number of publications in the
research area are Sustainability (Switzerland), Journal of Cleaner Production, E3S
Web of Conferences, Energies, and Energy (Figure 5). Figure 5 demonstrates the
evident quantitative dominance of the scientific journal “Sustainability” (Switzer-
land) in the world market of scientific products. This observation means that
the top five journals have the maximum impact on the interdisciplinary research
area of “energy economy” regarding the number of publications;

e  The specialized scientific journal Energy Economics is in seventh place in the
world ranking. So, Figure 5 demonstrates the presence of hidden problems con-
cerning specialized journals. This fact means that specialized scientific journals
in the field of energy economy perform poorly in the functions of specialized
scientific journals;

o  The four scientific journals with the maximum number of citations in the research
area are the Journal of Cleaner Production, Sustainability (Switzerland), Energy, and
Energies (Figure 6). Given their high predictive power, the journals “Sustain-
ability” (Switzerland), “Energies”, and “Journal of Cleaner Production” are the
most authoritative in terms of citation counts. This observation means that these
journals have the most significant impact on the interdisciplinary research field
of “energy economy” regarding the number of citations of published papers.

A special prompt was created to analyze the number of citations since standard tools
do not allow analyzing a citation array of 411,396 information units. Table 3 shows
the number of citations per paper. The analysis will enable scientists to choose their
publication trajectory based on journals with the maximum number of publications,
authors from leading countries, and the criterion “number of citations per paper.” Al
has provided new capabilities for processing data arrays that exceed the capabilities of
standard tools such as Scopus Analyzer and VOSviewer. Using a multi-step prompt
based on the GPT model provided a structured transformation of unformatted citation
data into standardized statistical indicators for more than 400 thousand information
units. Although the method has shown high analytical potential, it requires further
development of the prompt structure and verification of the output data. In the future,
it is advisable to compare the citation analysis results obtained using Al with the
results based on classical bibliometric or machine models, which can increase the
reliability and reproducibility of scientific assessments.

The results of this review can be used as a basis for several applied and academic areas.
First, the review results help scientists align their publication strategies with global
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scientific trends. The results can guide scientists when choosing relevant and cited
topics and highly cited scientific journals in energy economics. Second, universities
and public research policy bodies can use these results to understand their global
market positioning better. This is an essential step in identifying opportunities for
international collaboration. Third, the results obtained can be useful for policymakers
and managers in the energy sector. They could use our results to select innovation
development and strategic management areas in the energy sector. Fourth, editorial
boards and publishers of specialized journals can use the results when assessing their
editorial policies. Finally, the analytical framework and Al-based methods prepared in
our review can be adapted to evaluate other interdisciplinary areas. This is a scalable
model for analyzing trends and influences in the global research market.

6. The limitation of this review is the use of only the Scopus database for analysis of
the top five journals by the number of publications and the number of citations.
The Scopus scientometric database is one of the most recognized and widely used
databases indexing articles from high-quality scientific journals that meet strict peer-
review criteria. This fact makes Scopus a reliable source for publication analysis,
which is especially important in research into the interaction of science and industry,
including in the energy sector. Scientific journals indexed in Scopus serve as a basis for
creating global scientific networks and integrating knowledge with real technologies,
which is especially important for our work. These limitations can become areas of
future research. Studying the hidden problems of specialized journals can be the
goal of future research. It is also interesting to analyze keywords and their citation
in 2024-2025 and to study the interdisciplinary field of energy economy for Eastern
European countries.

7. Future research is seen in the following directions:

e  Research and development to improve the efficiency and cost-effectiveness of
energy technologies;

e  Effective policy frameworks and financial instruments to accelerate the transition
to a low-carbon economy;

e Transition to a sustainable energy future. Challenges with energy storage and
grid integration;

e Ensuring a balance between the widespread deployment of renewable energy
sources and the need to ensure their technological maturity and economic viability;

e  Careful planning and inclusive policy frameworks to maximize the benefits and
minimize the negative impacts of energy transitions;

e Investigation of areas of insufficient attention and areas related to the sixth
technological paradigm (use of Al, digitalization of management processes, big
data processing).
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Appendix A

Multi-step prompt for processing an array of articles on energy economics.

The processing was carried out using the artificial intelligence model GPT-4o.

Step 1.

“The attached text describes 7825 scientific documents (articles, reviews, conference
papers, etc.). The description of each document includes the following data: author(s);
the title of the document; year; EID; Name of the source; volume, issues, pages; number
of citations; the source and type of the document; DOIL open access (open access); short
description (abstract); author’s keywords.

Create an Excel table from this data for all 7825 scientific documents. Let the new
Excel table consist of the following columns: author(s); the title of the document; the title of
the source; the number of citations; the DOIL and the author’s keywords.

Leave the data language in the new Excel table as in the original data. Name the new
Excel table “2024” and give the option to download.”

Step 2.

Please sort all documents in the table “2024” into groups according to the column
“Name of the source” in alphabetical order. Each group contains documents published in
the same source.

Merge duplicate records for the journals “Sustainability (Switzerland)” and “Energies”
for each journal separately.

Within each group, rank the documents by the number of citations (Number of
citations). In total, this is 411,396 units of information (citations).

Name the table “2024-groups-and-ranking” and allow downloading.

Step 3.

Act like an experienced and qualified mathematician with a specialization in statistics.
Please process the table “2024-groups-and-ranking”. Calculate statistical indicators for
column “D” (Number of citations):

- Mathematical expectation, M(x)
- Standard deviation for the sample, S(x)
- Standard deviation for the general population, S(x — 1).

Calculate statistical indicators for column “D” from line 2 to line 7826 with an accuracy
of 4 decimal places. Be careful and precise.
After the bottom document, in column “C,” add three lines:

- Mathematical expectation, M(x)
- Standard deviation for the sample, S(x)
- Standard deviation for the general population, S(x — 1).

Enter the obtained values of statistical indicators and round them to 4 decimal places.
Please separate the integer and fractional parts of the comma.

Name the table “2024-statistics” and allow downloading.

Step 4.

Merge duplicate rows for the journals “Sustainability (Switzerland)” and “Energies”.
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Reformat the table “2024-statistics”. Prepare a new table: Name of the source; Number
of citations; Number of documents; M(x); S(x); S(x — 1). Call it “2024-citations”. Write each
source group name only once in the column “Name of the source.” Merge duplicate groups
with the same name. In the column “Number of documents,” write the sum of documents
in this source group.

In each source group, process the number of document citations (data in column D).
For each source group of the table “2024-statistics”, calculate the Mathematical expectation.
M(x) for the number of citations and write it in the column M(x). Also, calculate the
Standard deviation for the sample, S(x) for the number of citations, and write it in the S(x)
column. Also, calculate the Standard deviation for the general population, S(x — 1) for the
number of citations, and write it in the S(x — 1) column.

Check all statistical results for anomalies. Ensure there are no duplicate journal titles,
missing data, or outliers. After checking, confirm the correctness of the final ranking.

Rank the data in the table “2024-citations” by the Mathematical expectation value.
M(x). The largest value is at the top of the table “2024-citations”.

Save the table “2024-citations” and let me download it.
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