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Abstract. The relevance of this work is determined by the importance of energy security,
which consists not only in reducing dependence on fossil fuels, but also in avoiding
dependence on advanced technologies. The development of artificial intelligence, which
requires significant energy and technological resources, is shifting the focus of competition
from energy security to technological sovereignty. The aim of this study was to identify
suitable tools for analyzing abstracts text obtained from a large volume of bibliometric
records. It focused on the preliminary assessment of current topics in the energy sector
with the aim of effectively analyzing trends in technological sovereignty issues. Data. In
this paper 10 thousand bibliometric records for the year 2024, sorted by relevance and
exported from the open abstract database Scilit on the query: “energy AND technology”.
Filters were applied on the “Subject” category most related to technology: Power Systems
& Electric Vehicles, Energy Systems & Technologies, Electrical Energy Management, and
Nuclear Technology & Instrumentation. Results. The main topic of the analyzed bibliometric
data was renewable energy. Based on keywords, twelve clusters were identified, three
of which — hydrogen, thermal energy storage, and greenhouse gas emissions — are of
greatest interest. These clusters reflect keywords derived from both Yake! and PatternRank.
The Yake! program outperforms PatternRank in terms of run time and representation of
found keywords in abstract texts. The feasibility of using AnyAscii for text preprocessing is
demonstrated. Conclusions. The study showed that it is necessary to expand data sources
for a more comprehensive analysis of the issue under consideration, for example, using
OnePetro for topics related to oil and gas, IEEE Xplore for energy systems issues, and
Semantic Scholar for assessing the role of Al in the energy sector.
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AHHOTauMA. AKMyasbHOCMb [aHHO PaboTbl ONpeAeNnAeTCA BaXXHOCTbIO SHEPreTUYECKON
6e30MacHOCTK, KOTOpaA 3aK/lo4yaeTCA He TOMbKO B CHWKEHUW 3aBUCUMOCTU OT
MCKOMAaemMoro TOMMBa, HO U B U3beXaHne 3aBUCUMOCTU OT MepefoBbiX TEXHOMOTUNA.
Pa3BuTe MNCKYCCTBEHHOIrO MHTENNeKTa, TPeObyoWwero 3HaunTeNbHbIX SHEPreTUYecKmx
N TEXHONOMMYECKMX pPecypcoB, CMeLlaeT akLUEeHT KOHKYpPeHUUX C dHepreTnyeckom
6e30MacHOCTM Ha TEXHONOTMYECKNI CyBepeHUTeT. Lles1bto faHHOro nccnefoBaHma 6bi1o
BblAB/IEHME NOAXOAAWMX UHCTPYMEHTOB ANA aHanm3a TekCTa aHHOTauumn, NosyYeHHbIX
13 6onblioro obvema 6ubnnometTpuyeckmx 3anmcen. OCHoBHoOe BHUMaHMeE yaenanocb
npegBapuUTeNbHOM OLEHKe aKTyallbHbIX TeM B SHepreTnvyeckom CekTope C Lesblo
3¢bdeKTMBHOro aHanmMsa TeHAEHUU B BOMPOCaxX TEXHONOrMYeCKOro cyBepeHuTeTa.
JaHHble. B paHHON paboTe ncnonb3oBaHo 10 TbicAYy GubNMomeTpuyecknx 3anmncen 3a
2024 roa, OTCOPTUPOBAHHbIX MO PEeNeBaHTHOCTU M SKCNOPTUPOBAHHbBIX N3 OTKPbITOW
6a3bl fgaHHbIX aHHoTaumi Scilit mo 3anpocy: «3Heprua W TexHonorua». OunbTpbl
NPVMEHEHbI ANA KaTeropuin Hanbonee CBA3AHHOWM C TEXHONOTMAMU: «JHepreTnyeckmne
CUCTEMbI N 3NEKTPOMOONINY, «DHEPreTUYeCcKne CUCTEMbI U TEXHONOTUWY, «YNpaBneHue
3NeKTPO3Heprnen» n «ApepHole TexHonormm u npubopocTpoeHne». Pesysemamei.
OcCHOBHOM TemMOW NpPOAHaNM3MPOBAHHbBIX OUONIMOMETPUYECKMX AaHHbIX  6bina
BO306HOBNAeMasn sHeprua. Ha oCHOBe KtoueBbIX C/TIOB BblAeNEHO ABEHAALATb KNacTepos,
TPU U3 KOTOPbIX — BOAOPOA, XPAHEHME TEMSIOBOW SHEPTN 1 BbIOPOCHI MAPHUKOBbIX
ra3oB — NpPeACTaBnAlT HaMboNbWMA NUHTEPEC. DTN KnacTepbl OTPaXKaloT KioveBble
CNoBa, NonyyeHHble Kak u3 Yake!, Tak n n3 PatternRank. MNporpamma Yake! npesocxogut
PatternRank no BpemeHu BbINONHEHNSA 1 NPeACTaBNEHMIO HANAEHHbIX K/THOUYEBbIX C/TOB B
TeKCTax aHHOTauun. [MpogeMOHCTpMpOBaHa BO3MOXHOCTb UCNOb3oBaHUA AnyAscii ana
npefBapuTenbHom 06paboTKu TeKcTa. Boigodsbl. iccnepoBaHme nokasano, uto ana 6onee
MOJTHOrO aHanM3a pPacCMaTPUBAEMOro BOMPOCa HEOOXOAMMO PACNPUTL UCTOUYHUKM
AAHHbIX, HANpUMmep, ncnonb3oBatb OnePetro AnA Tem, cBA3aHHbIX C HeGTbIO 1 ra3om, IEEE
Xplore gnAa BonpocoB aHepreTnyeckmnx cuctem n Semantic Scholar gna ouenkn ponu A
B DHEpreTMyeCckoM CeKTope.

KnioueBble cnoBa: TEXHONOMMYECKUI CYBEPEHUTET, SHepreTuyeckaa 6e30nmacHOCTb,
6ubnnomeTpuyeckme faHHble, TEKCTOBbIN aHanu3, Knyesble ¢ppasbl
OuHaHcnpoBaHue. PaboTa BbiNoIHEHA B paMKax rocygapcTBeHHoro 3agaHua AMHI PAH
(tema N2 125021302095-2).

Ona untnpoBaHma: Yurapes b.H. TexHonormyeckui cyBepeHUTET Kak akTyasibHasA
npobnema 3HepreTnyeckon 6esonacHocTu. NpeaBapuTenbHbIi aHanus. VMHgpopmayus
u uHHosayuu. 2025;20(3):25-58. https://doi.org/10.31432/1994-2443.2025.15
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INTRODUCTION

Relevance. With the development of
technology, sovereignty has shifted from
military independence to freedom from
economic coercion by other states and large
corporations.States mustensure control over
critical technologies, access to them from
independent countries, and guaranteed and
long-term access to monopoly suppliers
from countries such as the United States or
China [1].

It should be noted that the new is the
well-forgotten old, as illustrated by an
article from 1983 [2] with an evocative title
“Technological  Sovereignty:  Forgotten
Factor in the ‘Hi-Tech’ RAZZAMATAZZ'". The
publication’s main claimis that technological
sovereignty refers to the freedom to select,
generate and utilize commercially necessary
technologies for industrial innovation, as
opposed to technological self-sufficiency,
which implies possession of all necessary
technologies. Note: according to Cambridge
dictionary' RAZZAMATAZZ is noisy and
noticeable activity, intended to attract
attention.

The study of technological sovereignty
in Russia and the EU countries, according to
a systematic review of scientific literature
and expert interviews [3], has been
significantly intensified over the last three
years, with the focus on developing an
adequate definition of it to understand and
address the challenges of technological
sovereignty.

The increasing role of digitalization
in the economy, and thus in economic
security, makes it relevant to achieve data
sovereignty — the control and management
of data within one’s own jurisdiction and
operational sovereignty — the independent

' Cambridge  Dictionary. URL:  https://

dictionary.cambridge.org/dictionary/english/
razzmatazz (date of access: 03.11.2025).

operation and maintenance of critical digital
infrastructure and services.

The article [4] argues that Big Tech
firms have not only challenged traditional
sovereignty but also established a complex
symbiotic relationship due to their technical
advantages.

The study [5] aims to provide a clear
understanding of data sovereignty in the
context of new data-driven technologies,
addressing the challenges faced by various
stakeholders in retaining control over their
data.

The paper [6] explores the concept of
digital sovereignty through embedded
‘situated practices’ of political and economic
projects thataim to create autonomous digital
infrastructures in a hyper-connected world.

The relevance of a comprehensive study
of technological sovereignty as a current
energy security challenge is also due to the
high degree of influence of politics in pro-
moting the interests of specific countries,
so that [7] notes that at the UN Climate
Change Conference in November 2021, 34
countries, including Germany, pledged to
end international financing for fossil fuel
extraction by 2022. But Senegal’s President
Macky Sall criticized the commitment, say-
ing it would be a “death blow” to the Afri-
can economy. Senegal, which was on the
verge of exporting gas, sees its reserves
as crucial to economic growth. However,
in the wake of the European energy crisis,
German Chancellor Olaf Scholz has an-
nounced plans to partner with Senegal on
gas exports.

When 34 countries, many of them techno-
logical and financial leaders, announce their
intention to end international funding for
fossil fuel extraction by 2022, research fund-
ing and scientific publications are bound to
be affected. And the Glasgow conference is
not unique.
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Motivation. Energy security can include
independence from fossil fuels. This is more
characteristic of European countries, for
example. But an emphasis on renewable
energy sources can lead to a different kind
of dependence and thus security: depen-
dence on high-value-added technologies
and components. Not all countries, espe-
cially developing countries, are self-suffi-
cient in renewable energy technologies,
the efficient operation of which depends
not only on the renewable energy gener-
ators themselves but also on a developed
infrastructure, including capacity balanc-
ing, energy storage, charging stations, and
so on. In other words, independence from
fossil energy sources may turn into tech-
nological dependence. The development
of Al implies the development of data cen-
ters, the operation of which requires not
only high energy consumption but also a
large number of servers (or microproces-
sors) and software. As Al is seen as the next
stage in improving the competitiveness
of manufacturing and services, develop-
ing countries may become dependent on
countries with advanced technologies. In
other words, national security issues will
shift from energy security to technological
security.

Energy security is still important, it’s just
that countries with advanced science and
technology will have better leverage to ma-
nipulate developing countries, for example
by blocking high-tech equipment or access
to artificial intelligence-based services.

An example of the growing interdepen-
dence of energy and Al technologies is re-
flected in the report? and the appearance

2 Energy and Al. URL: https://www.iea.org/
reports/energy-and-ai (date of access: 03.11.2025).

of the journal Energy and Al at Elsevier® in
2020.

From a broader perspective, the conver-
gence of competencies in energy&technol-
ogy&R&D can be expected to become the
next hot topic of economic security.

The relevance of the topic under discus-
sion may be indicated by the following re-
ports: IEA, Energy Technology Perspectives
2020 dataset*, and World Energy Investment
2024 Datafile’.

A short list of key statements with
examples of works revealing their
content on technological issues of energy
security topic

The technological dimension  of
energy security involves examining how
modern technology can ensure reliable
and sustainable energy supplies, protect
infrastructure  and  maintain  energy
independence. The purpose of the study
[8] is to examine the relationship between
technological progress and energy security
in the context of global uncertainty,
financial development, globalization and
infrastructure  development of newly
industrialized countries.

Energy efficiency and energy saving
technologies such as improved insulation,
LED lighting and efficient technologies
reduce energy demand, increase energy
security. The study [9] considers energy
saving as the most important aspect of
energy security of the economy, compares

* Energy and Al. URL: https://www.scimagojr.
com/journalsearch.php?q=21101047378&tip=sid
(date of access: 03.11.2025).

* EnergyTechnology Perspectives 2020 dataset.
URL: https://www.iea.org/data-and-statistics/
data-product/energy-technology-perspectives-
2020-dataset (date of access: 03.11.2025).

> World Energy Investment 2024 Datafile. URL:
https://www.iea.org/data-and-statistics/data-

product/world-energy-investment-2024-datafile
(date of access: 03.11.2025).
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energy intensity and energy efficiency of
Russia with other countries. It highlights the
significant potential for energy saving in the
industrial sector and identifies barriers to its
realization, including the lack of specialists
with relevant education.

Nuclear technology is a stable source
of energy with low carbon emissions. The
review [10] assesses the economic, climate
and environmental viability of global
nuclear power, emphasizing its importance
to global energy security and climate
change mitigation. The paper [11] explores
the potential of nuclear power in the energy
transition, highlighting its significant
contribution to the global electricity mix,
particularly in developed countries, and its
minimal greenhouse gas emissions.

Aresilientenergy infrastructure, including
redundant transmission lines, microgrids
and distributed energy resources, ensures
a stable energy supply. The paper [12]
presents a modern method for securing
critical infrastructure in energy transmission
networks, integrating cryptographic
mechanisms with biometric data to enhance
cyber threat protection.

Renewable energy technologies,
including solar, wind, hydroelectric and
geothermal, play animportantrole in energy
security butrequire energy storage solutions.
The paper [13] discusses the importance of
transitioning to renewable energy sources
as a means of mitigating climate change
and ensuring long-term energy security.
The necessity of sustainable supply chains
and strategies to reduce dependence on
foreign suppliers is emphasized, addressing
challenges such as geopolitical tensions,
trade restrictions, and natural disasters.
The review [14] examines the potential
of hydrogen as a clean energy carrier,
emphasizing its role in replacing fossil fuels
andrecentadvancesin hydrogen production

technologies. Due to the growing economy,
India is experiencing an increasing demand
for energy.The government is regulating the
use of fossil fuels and promoting renewable
energy sources such as geothermal.
However, geothermal energy in India is yet
to be explored. The study [15] demonstrates
the potential of geothermal energy in the
Indian subcontinent and its applications.

Digitally dependent energy infrastructure
requires robust cybersecurity measures
such as encryption, firewalls and intrusion
detection systems. The study [16] examined
the use of artificial intelligence to enhance
the security of critical energy infrastructure,
resulting in a 98 % increase in threat
detection and a 70 % reduction in incident
response time.

Advanced technologies such as
horizontal drilling and hydraulic fracturing
have increased the availability of natural
gas and oil, and carbon capture and storage
(CCS) technologies are helping to reduce
the environmental impact of fossil fuel use.
China has drilled its first ultra-deep scientific
exploration well, reaching a depth of over
10,000 meters, at CNPC'’s Take-1 well in the
Fuman oil field. The five-year plan aims to
develop the field to produce 35.7 million
barrels of oil per year by 2025 [17]. Fossil
fuels play a critical role in ensuring national
energy security. A comprehensive analysis of
China’s future fossil fuel demand is essential,
especially in the context of political stability,
economic normalization, carbon emission
reduction and enhanced energy security
[18].

Energy storage systems, including
lithium-ion, solid-state and next-generation
batteries, hydro storage, flywheels and
superconducting magnets, are critical to
addressing energy security issues but face
technical challenges. The commissioning
of the second unit of the Astravets NPP in
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Belarus in 2023 will increase the need for
controllability and security of the Belarusian
power system. Energy storage systems can
help to balance load curves, and the paper
[19] evaluates the performance of lithium-
ion energy storage systems. The study [20]
proposes a power allocation approach for
multi-location energy storage systems based
on security regions. It analyzes hourly loads
and average intraday loads to determine
charging and discharging strategy trends.
Cost-effective  configurations can be
achieved by considering energy conversion
devices and equipment prices.

On the need for preliminary work on
selecting tools for analyzing scientific
texts and identifying keywords for col-
lecting publications on the multifaceted
topic under consideration

Energy security, which encompasses
various aspects such as political-economic,
technological, resource, legal and environ-
mental, means the uninterrupted availabil-
ity of energy sources at an affordable price®.

Technological aspects include the
development of energy consumption,
distribution, transmission and production
technologies that contribute to the efficient
use of energy [21].

The study examines the technological
aspect of energy security, emphasizing
that the lack of technological sovereignty
can significantly worsen the overall energy
security situation. Russia, which has
significant natural resources, can solve
economic and legal issues independently,
while technological solutions, including in
the energy sector, are largely dependent
on imports. Large markets such as China,

6 Geopolitics of the energy transition.
Energy security. URL: https://www.irena.org/-/
media/Files/IRENA/Agency/Publication/2024/
Apr/IRENA_Geopolitics_transition_energy_
security_2024.pdf (date of access: 03.11.2025).

India and the EU are oriented towards
renewable energy sources due to the large
volume of imports, while Russia benefits
from developing renewable energy
sources to save on domestic consumption
and free up resources for export or deeper
processing.

In order to effectively analyze trends in
technological challenges to energy security,
it is very important to select appropriate
methods and tools to track the texts of
publications in these areas.

In a number of open access abstract
databases, the Author Keywords field in
exported bibliometric records is poorly
populated. In addition, in OnePetro,
for example, keywords are available in
individual publication records, but only
the title and abstract fields are available
when the data are exported. The second
problem is that author keywords are not
always available in the abstract texts.
Even if we take several thousand quality
records from ScienceDirect that contain
author keywords, no more than 50 % of all
author keywords will be found in the text
of all abstracts. Therefore, author keywords
alone may not be sufficient to expand the
search and find relevant publications. It is
necessary to extract keywords from the text
of the abstracts. Creating a list of keywords
for a given topic is necessary not only for
collecting relevant literature, but also for
text mining.

To confirm the above, let us cite the paper
[22], which shows that on average 56.7 % of
the author’s keywords appear in the abstract
and body of the article.

The analysis carried out by Babaii E., &
Taase Y. [23] showed that 46 % of the key
words specified by the author were present
in the text of the peer-reviewed articles.

Another example is the average
percentage of keywords in the text of
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abstracts: Cyberleninka — 42.41 %; MathNet
— 43.64 % [24].

In [25] the study compares a selection of
keywords proposed by the authorwith words
from a generalized controlled vocabulary for
articles. The effectiveness of the controlled
vocabulary for keyword generation is shown.
The value of the controlled vocabulary for
keyword selection can be demonstrated
using bibliometric data from the IEEE Xplore
platform of the IEEE Terms field.

Evaluations of the effectiveness of
keyword extraction from text are always
quite subjective, so they should not be
overemphasized. For example, a very
informative paper [26] compares the
extracted keywords based on the similarity
between the extracted keywords and the
original keywords. However, as noted above,
the original keywords themselves appear in
the abstracts no more than 50% of the time,
even for large lists. In the same paper, thereiis
avery revealing Table 5, which shows that for
1393 datasets across 13 topics/categories,
the average time in seconds to identify 10
keywords for each method was: BERT (1007),
YAKE (43.28), RAKE (4.02), TEXTRANK (173.1),
CHATGPT (2463), HYBRID (1007 + 121 =
1128). That is, for CHATGPT compared to
YAKE, the ratio is 2463/43.28=56.9. For large
texts, the difference in identifying keywords
in @ minute or an hour makes a difference,
especially if such a procedureis to be applied
regularly.

The paper [27] provides a fairly detailed
comparison of a number of keyphrase
extraction algorithms, including those
that use the Multilingual Text-to-Text
Transformer (mT5). They conclude that this
approach outperforms the Yake algorithm!
However, the following should be noted:
a) the phrases generated by Yake! contain
terms that should be categorized as stop
words, e.g. “BnepBble, 06N, OCOOEHHDIN,

ABNeHHbIN (vpervye, obshhij, osobennyj,
yavlenny'j)” (Example 2, Table 3 in [27]).
These terms are not included in the list of
Russian stop words in the Yake! package.
This list can be easily edited, in fact, this is
one of the advantages of the methods of
keyword extraction without the use of large
language models - they are quite easy to
modify/adapt to the needs of the current
task. The texts in the examples are very
short. The Yake! algorithm focuses on local
statistics of keyword candidates, for very
short texts with a small variety of terms it
is difficult to talk about statistical estimates.
When using LLM, the statistical estimates
are represented in this external model.

A note on evaluating the significance
of terms in the algorithm The Yake!. The
authors rely on the assumption of Machado
et al. [28] who state that “the higher the
number of different terms that co-occur
with the candidate term on both sides, the
less significant the term will be”.

An attempt has been made to use an
algorithm that utilizes T5 Transformer
published on Github’.

The program works well when the text
consists of a few abstracts, but even 300
abstracts are processed in 36 minutes. It may
be advisable to first cluster the texts and
then extract key phrases for each cluster of
texts. For 10000 abstracts the expected time
may be more than 2 hours.

Given this brief analysis, the aim of this
study was to select appropriate tools for
efficient text analysis of abstracts from
several tens of thousands of bibliometric
records and for a preliminary evaluation of
relevant topics related to technologies used
in the energy sector.

7 KeyPhrase Transformer. URL: https://github.
com/Shivanandroy/KeyPhraseTransformer (date
of access: 03.11.2025).
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MATERIALS AND METHODS

In this paper, we used 10 thousand
bibliometric records for the year 2024,
sorted by relevance and exported from the
open abstract database Scilit on the query:
“energy AND technology”in [Title, Abstract,
Keyword], Content Type: JOURNAL-
ARTICLE, English. This query returned 70.6K
such records, current as of 03/25/2025. We
also applied filters by “Subject” category,
which may be most related to Technologies:
Power Systems & Electric Vehicles, Energy
Systems & Technologies, Electrical Energy
Management, and Nuclear Technology
& Instrumentation. le. an attempt was
made to distinguish publications related
to such sections as Sustainability Studies,
Telecommunications, Economics. The filters
were applied due to the fact that the Scilit
platform limits the export of bibliometric
records to 10 thousand for one request,
so it was necessary to select 10 thousand
of the most relevant records out of 70.6K
records. After applying filters, 14K records
remained in the sample and 10K most
relevant records were exported from the
database.

At the first stage of work on the analysis
of technological aspects of energy security,
the main attention was paid to the selection
of the most reliable methods of working
with text fields of bibliometric records.
The bibliometric records themselves,
collected on a fairly broad query, were
considered as the first iteration to identify
dominant themes described by keywords
(keyphrases, terms in the context of this
article).

The records were exported in RIS
format (which has the most complete
representation of text fields). Files in RIS
format were merged and converted to
TSV format. Tabular data are the most
convenient for implementing samples

and are well imported by programs such
as VOSviewer, Bibliometrix, and others.
Tables need only to be brought to some
standardized form, in this case Scopus, by
changing the names of column headings
and changing the separators between
terms. A peculiarity of the bibliometric
records of the Scilit platform is a fairly good
filling of the abstract field. In our sample of
10,000 records, the abstract field was filled
in for 9921 records. The best performance
can be found either in paid databases or in
publishers’ databases, e.g., ScienceDirect
from Elsevier or IEEE Xplore from IEEE.

The Scilit platform provides system-
generated keywords, not the author’s
keywords. This column contained 923
empty fields and is not used in this paper.
One of the main tasks of this study was to
select a suitable method for identifying
keywords (phrases) from abstract texts.
This task is relevant to the planned general
work because the export of records from
databases such as OnePetro contains only
the abstract field, although individual
records contain keyword fields, but these
values are not exported when the database
is freely available. Another example is RSS
records from thematic sites, where the
analog of the abstract can be the description
field, which can be used to determine the
subject of publications.

Text fields can contain terms in different
spellings, different quotes, dashes, and even
hieroglyphs or Cyrillic characters. Therefore,
a selection of the most convenient, well-
supported program solving this issue was
made. The choice was made in favor of
AnyAscii®: Unicode to ASCII transliteration. A
variant implemented in the Rust language
was used. The changes made by AnyAscii

8 Unicode to ASCII transliteration. URL: https://
github.com/anyascii/anyascii (date of access:
03.11.2025).
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(and others utilities used in this work) were
checked using the WinMerge® program,
which allows text files to be compared and
comparison reports to be generated. The
analysis showed that the vast majority of
abstract texts remained unchanged. The
changes included replacing the short dash
with a hyphen, making quotation marks
uniform, and transliteration of Cyrillic and
hieroglyphics. That is, while saving the main
text, it was easier to eliminate problems
that may cause failures in the subsequent
analysis of texts, for example, replacement/
deletion of characters that are not processed
by the program.

Text pre-processing also included
removing bracketed text, html tags, TeX
formula entries, and removing quotation
marks. Some characters were detected only
after applying some text processing utilities,
e.g./|'or'\'can affect the execution of regular
expressions.

The text cleaning described above is also
important for the subsequent dictionary
lemmatization, which can be seen as a
search and replace spelling of numerous
terms. In this case, a list of more than 200
thousand strings collected from Github and
other sources and constantly updated with
new entries, e.g., deepfakes — deepfake,
was used.

Alternatively, one could use well-
established packages such as Language
Processing spaCy; they are good for
frequently used actions, but using simple
utilities makes it easier to check each step of
text conversion, and dictionary completion
is easier to implement. Also, specialized
utilities can run faster than more general-
purpose packages that perform more checks
and additional actions that are not needed
in a particular case.

° WinMerge. URL: https://github.com/
WinMerge/winmerge (date of access: 03.11.2025).

This study presents a comparison of only
two methods for identifying keywords/
phrases from abstract texts: KeyphraseVec-
torizers PatternRank [29] and Yake! [30].
Other methods were also tested, such as
KeyPhraseTransformer, but they had to be
abandoned at this stage, e.g., due to the
execution time on texts with 10 thousand
abstracts or the complexity of the parame-
ter selection. l.e., the test checks went well,
but errors were generated on the sample of
texts used. This does not exclude the use of
other approaches to keyword identification
in the future. Other fast methods, such as
PKE, were not used because the literature
indicates the advantage of PatternRank and
Yakel.

In this work the KeyphraseVectorizers_
PatternRank variant with the parameter
keyphrase_vectorizers — KeyphraseCount-
Vectorizer was used. Pre-prepared texts of
abstracts were used.

The convenience of PatternRank is that it
is easy to get five keywords for each abstract
(or 5 keywords for all abstracts). But there is
no explicit way to pass a parameter for the
number of keywords using the examples
given by the developer. In Yake! there is such
a possibility. So, to somehow compare the
generated words for all abstracts, we used
the condition that 514 PatternRank terms
occur 10 or more times, then 514 can be
used as a parameter for Yake! and thus make
a comparison of the same number of terms.

In the Python example given by the
developer, Yake! is used for large text at
once, but there is nothing stopping us from
using it for each abstract. For this purpose,
we used an implementation of Yake! written
in Rust.

Hyperfine'®was used to estimate program
execution time.

19 Sharkdp. URL: https://github.com/sharkdp/
hyperfine (date of access: 03.11.2025).
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The keywords obtained for each abstract
by both methods were used by VOSviewer
[31] to cluster and plot terms based on
their co-occurrence. To normalize terms,
e.g. singular and plural, the keywords were
subjected to dictionary lemmatization.

For clarity, the same VOSviewer was used
for each cluster when constructing the
term co-occurrence networks. The attached
materials contain files in JSON format,
allowing to view the obtained graphs on the
service app.vosviewer.com.

The resulting keywords can be used to
describe the research topics most commonly
identified in bibliometric data. The services
playground.allenaiorg + quillbot.com/
summarize were used to demonstrate the
power of large linguistic models to generate
texts describing research topics using
keywords. Manual editing of the results
obtained at each stage was carried out.
Examples are given for each cluster obtained
using the keywords Yake!.

Note: Other experiments were also
conducted, including aggregation of
abstract texts using the GSDMM algorithm
and using the KeyPhraseTransformer
package, but they did not yield significantly
different keyword representations. A
detailed comparison of many methods was
not within the scope of this study, so in order
not to overload the paper they are not given
here.

RESULTS AND DISCUSSION

Before running the PatternRank and Yake!
packages, the abstract texts were cleaned
up. First, the program anyascii was used,
which performed transliteration for non-
Latin texts (Russian, Chinese), put different
types of quotes into the same form, which
made them easier to delete later, replaced
short dashes with hyphens, etc. HTML
markup tags were removed. Removed

formula text (usually TeX) and backslashes
(to avoid misinterpretation in regular
expressions). Note: you can use \\, but in our
case it would be redundant. Explanations
and abbreviations in parentheses have
been removed. This preprocessing of the
text not only normalized the writing of the
abstract texts, but also allowed the software
packages used to work without generating
errors when parsing the texts.

The text itself was not changed by more
than 90%. The conversion results were
checked using the WinMerge program. Of
course, it would be possible to find a suitable
Python package that would do most of the
text preparation on the fly, but when doing
research, it is more important to perform
detailed checks of the results obtained than
to reduce the time of the job execution.

After compiling the lists of keywords
(phrases) obtained with the PatternRank and
Yake! packages, their texts were subjected to
dictionary lemmatization. Such a reduction
of term spelling variants plays an essential
role in the construction of a co-occurrence
network. Alternatively, the thesaurus_
terms files of VOSviewer can be used, but
dictionary lemmatization works similarly
and is a more universal tool, applicable not
only to VOSviewer.

Compiling keyword lists from text of
abstracts using Yake!

Reasons for choosing this method of
compiling keyword lists from abstract texts:

e YAKE! is an unsupervised keyword
extraction method, meaning it does not
require any labeled training data or prior
knowledge about the text [32].

e YAKE! does not depend on
dictionaries, thesauri, or any external
linguistic resources [33].

e The method is lightweight and
computationally efficient, making it suitable
for real-time or large-scale processing of
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abstracts. In our case, the “YAKE!” task was
completed in less than a minute.

e YAKE! can identify both single-word
and multi-word keyphrases.

e YAKE! takes into account the context
of words and phrases in the text, which
allows you to identify meaningful keywords
rather than frequently occurring words that
may not reflect the meaning of the text.

e YAKE!isimplemented both in Python
and Rust.

Yake-rust offers better performance,
but for sufficiently long texts (e.g. several
hundred abstracts) it generates an error,
which disappears if you shorten the text
length. So, for long texts (tens of thousands
of abstracts) you should use the Python
version of Yakel.

Compiling keyword lists from text of
abstracts using KeyphraseVectorizers
PatternRank

For the sake of brevity, we will use
PatternRank instead of KeyphraseVectorizer
PatternRank for the remainder of the text.

Reasons for choosing this method of
compiling keyword lists from abstract texts:

e The method relies on a set of the
most well-known text processing software
packages: texts are annotated with part-
of-speech tags using spaCy (star 31.3K on
GitHub), and KeyBERT (star 3.8K on GitHub)
to extract key phrases.

e According to the authors’ assertion
PatternRank: “texts are annotated with
spaCy part-of-speech  tags’, “Extract
grammatically accurate keyphases based on
their part-of-speech tags’, “The advantage
of using KeyphraseVectorizers in addition
to KeyBERT is that it allows users to get
grammatically correct keyphrases instead of
simple n-grams of pre-defined lengths”.

e Tests" conducted by the authors
of this package show the best results in
comparison with KeyBERT, YAKE (the fastest
keyphrase extraction), and SingleRank.
TF-IDF, YAKE, RAKE - statistical methods,
SingleRank, TextRank - based on graphs,
and KeyBERT - deep learning method. Note:
the package pytextrank'? was also tested. It
has a high rating on GitHub (star 2.2K) [34],
which gives good results on texts of several
hundred abstracts, but in our case, ~10
thousand abstracts, it worked extremely
slowly, the work was interrupted after more
than two hours of waiting.

e The KeyphraseVectorizers Pattern-
Rank package is arranged so that it picks up
keyphrases for each of the abstracts. This
is useful for later use in programs such as
VOSviewer. The results can be interpreted as
index keywords.

e On a computer with 8-core AMD Ry-
zen 7 5700G; 32 GB RAM, KeyphraseVectorizer
PatternRank processing of the collected ab-
stract texts was completed in 20-25 minutes.

Some characteristics of keywords/
keyphrases

514 keyphrases generated by PatternRank
occur 10 or more times.

The 514 keyphrases contain 1201 single
terms (for comparison: 1436 single terms
from 514 keywords generated by Yake!).
There are 276 unique one-syllable terms
without lemmatization and 224 unique one-
syllable terms with lemmatization.

All records contain 49604 non-unique
keywords, 24584 unique keywords after
lemmatization compared to 26157 before
lemmatization. For comparison with Yake!

" Unsupervised Keyphrase Extraction. URL:
https://github.com/tokenmill/unsupervised-
keyphrase-extraction (date of access: 03.11.2025).

2 DerwenAl / pytextrank. URL: https://github.

com/DerwenAl/pytextrank (date of access:
03.11.2025).
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49685, 33217 and 31846 — i. e. diversity is
higher.

The importance of lemmatization can
be illustrated by an example: in the list of
keywords, there are 88 results for “renewable
energy technologies” and 50 results for
“renewable energy technology”.

Difference between before and after
lemmatization: 26157-24584=1573. It is
difficult to manually compile 1573 entries
in the thesaurus_terms file before using
VOSviewer.

The difference between the unique
keywords extracted from the annotation
texts is 31846 Yake! vs. 24584 PatternRank,
but their occurrence in the annotation
texts themselves is high: 452004 Yake! and
259553 in PatternRank. The Yake! terms
occur significantly more often in the texts.
Therefore, it is more appropriate to use Yake!
terms for our task, especially since they are
easier/faster to obtain.

We can also make such a comparison -
translate multi-word keywords into single-
word keywords and count the unique
number of such single-word terms for both
cases: 5803 (PatternRank) vs. 7360 (Yake!).
Their intersection, innerJoin, equals 3423
terms. And in this case, Yake! yields a greater
variety for search terms in abstract texts.

Keyword co-occurrence networks
generated by Yake! algorithm

The keyword co-occurrence networks
were constructed using the VOSviewer
program. The network was constructed
for all records and keyword clusters were
defined. Each cluster was then represented
by a separate plot. Next, examples of text
generated by playground.allenai.org using
the selected keyword combination were
reported. The generated text was subjected
toabstract summarization using the quillbot.
com/summarize service. At each stage, the
generated text was manually edited.

The choice of playground.allenai.org
is due to the ability to view documents
from the training data that have exact text
matches with the model response using the
OLMoTrace feature. The model did not have
direct access to these documents when
generating the response. The documents
are retrieved after the response is generated.
This service allows individuals to experiment
with and understand the behavior of various
Al models, including OLMo, developed by
the Allen Institute for Al (Ai2)™.

The choice of quillbot.com/summarize
is based on personal testing of existing
abstractive summarization services. QuillBot
not only summarizes, but also rewords the
text, which can be particularly useful. In
addition, quillbot.com/summarize displays
the keywords used for summarization,
which is important for understanding the
summarization process. The quillbot.com
service offers other text conversion features
such as translation, grammar checker and
Al humanizer. The latter is useful if you
have difficulty expressing a particular part
of the text in a more readable way. More
information about text summarization can
be found in [35, 36].

On the need for manual editing:
On the one hand, Al-generated texts
can be verbose, with repetitions of key
phrases (phraseological diversity is more
characteristic of human-written text), on
the other hand, it allows to reduce authorial
bias in text formation. Generalization
of the text can lead to the exclusion of
semantically significant phrases. That
said, editing generalized texts, such as
reviews, is a faster process than writing
the text itself. Specialized texts are better
written independently. The importance of
phraseological diversity is discussed in [37].

3 Ai2. URL: https://allenai.org/about (date of
access: 03.11.2025).
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Clusters of the keyword co-occurrence
network identified by yake-rust

This section uses the keywords obtained
by the yake-rust program for each of the
abstracts of 10 thousand bibliometric
records (79 of them did not contain
annotation texts).

Figure 1 shows 12 clusters of key terms
identified by the yake-rust program. The
keywords co-occurrence network was
built by VOSviewer with the following
parameters: total number of key terms —
31832, of which 861 occurred 5 or more
times. 500 terms with the highest total link
strength were used to build the network.
With the minimum number of 20 terms in a
cluster, 12 clusters were obtained.

The most common terms in all clusters:
energy (821), renewable energy source (443),
renewable energy (385), energy storage
(310), energy storage system (181), energy
storage technology (179), greenhouse
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solar energy (109), hydrogen (105), fossil
fuel (100), thermal energy storage (99),
solar (98), energy source (89), recent year
(87), energy consumption (84), power (84),
carbon emission (79), energy system (70),
renewable energy technology (70), system
(70), wind (70), reduce carbon emission
(69), power system (61), renewable energy
system (60), phase change material (59),
energy harvest (58), energy vehicle (58).

As can be seen from the list above,
the topic of renewable energy sources
dominates. A characteristic feature of
the extracted keywords is the frequent
repetition of related key phrases, e. g.
energy storage, energy storage system,
energy storage technology, thermal energy
storage. In future research, it is better to use
two-word terms to describe broad topics
and three-word terms for more specific

energy stgrage play

thermal energy storage

@ cuiiipy ra e'system
d|rec:"§mp1urt solar powergeneration

L b

%-
"ldpld alo

v
& € Ty ower plant

]

sustainable develop ment-ﬁoal. ®

gam_sugwflcaru attention
Wvﬁnew racent year due
P

energy stgiage power

science anggtechnology

life gycle o wind
energy tech@lo‘_gy «
0L gO° _interne1 of thing wire sensor network
internel b o
_““’ hybrid engfigy storage
fuel cell y R hybridenergy
¥ 4 anergwh&:le >’ i

. -
wire power transfefglgotrie vehiclaiehargg @
hybrid elegtric vehicle Shina new energy

. VOSviewer

energy résearch

advance mat@flal science

100

50
9

Fig. 1. Co-occurrence network of keywords obtained by yake-rust. 12 clusters
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topics. Further research on this statement
is recommended. One-word terms are too
general, e. g., energy, wind, system.

To explore each cluster's network in
more detail, each of the 12 clusters was
depicted on its own graph. A query was
made to the playground.allenai.org service
to identify one of the most frequent topic
in each cluster. The response received was
summarized both manually and using the
features of the quillbot.com/summarize
service to make the text more concise. The
purpose of these actions was to analyze
some possibilities of artificial intelligence
services to accelerate the process of text
abstracting as one of the key functions of
analytical reviews preparation.

Cluster-1 of network shown in Figure 1

Figure 2 shows the graph of the first
cluster, the entire keyword network. It was
created based on the data exported from
VOSviewer after creating the network shown
in Figure 1.
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The dominant terms in this cluster:
greenhouse gas emission, climate change,
fossil fuel, carbon emission, reduce carbon
emission, reduce greenhouse gas. The nega-
tive context of the term fossil fuels is empha-
sized. The theme of maintaining the domi-
nant position of fossil fuels in electricity and
heat generation is not visible in the figure.

The result of applying the procedures
playground.allenai.org + quillbot.com/sum-
marize + manual editing to the term green-
house gas emission with 179 occurrences:
“Emission monitoring technology, including
satellite imaging, atmospheric monitoring
stations, and emission inventories.

Emission reduction technologies involve
improving energy efficiency, adopting
renewable energy sources, and using carbon
capture and storage (CCS) technologies to
capture and store CO, emissions at their
source.

Mitigation  technologies, including
carbon sequestration through reforestation,
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Fig. 2. Network of keywords co-occurrence in the first cluster
Puc. 2. Cemb cosmecmHoU 8cmpeyaeMocmu K/1lo4esbix C/108 8 Nep8OM Kacmepe
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afforestation, and soil carbon sequestration,
and directair capture systems, aim toremove
CO, from the atmosphere.

Technologies like biofuels, hydrogen
fuel cells, and electric vehicles are
crucial in reducing GHG emissions in the
transportation sector.

Energy efficiency technologies, such as
LED lighting, energy management systems,
and insulation improvements.

Cluster-2 of network shown in Figure 1

Figure 3 shows the graph of the second
cluster, the entire keyword network.

The dominant terms in this cluster: solar
energy, solar, recent year, renewable energy
technology, system, energy transition,
heat, heat pump. The topic is relevant, but
consideration of environmental issues
on panel waste disposal and extraction
of materials for their production is not
presented in the figure.

The result of applying the procedures
playground.allenai.org +  quillbot.com/
summarize + manual editing to the term
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solar energy technology (compiled from
solar energy — 156; renewable energy
technology — 98): “Photovoltaic cells and
solar panels are widespread solar energy
technologies, with advances such as
biphasic and perovskite cells increasing
their efficiency.

Concentrated solar power uses mirrors
or lenses to concentrate sunlight, heat
fluids, produce steam, and drive turbines
to generate electricity, often with thermal
energy storage.

Solar thermal collectors heat water
or other liquids to provide hot water to

residential, commercial, and industrial
facilities.
Passive solar design harnesses the

sun’s energy without mechanical systems,
optimizing building orientation, using
materials with high thermal mass, and
shading to optimize solar utilization.

Solar energy storage, primarily lithium-
ion batteries, play a critical role in storing
excess energy for use at night, with research
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Fig. 3. Network of keywords co-occurrence in the second cluster
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exploring more efficient options such as
flow batteries and solid-state batteries.

Smart grid integration: smart meters,
smart appliances and grid management
software enable efficient distribution and
utilization of solar energy.”

Cluster-3 of network shown in Figure 1

Figure 4 shows the graph of the third
cluster, the entire keyword network.

The dominant terms in this cluster:
renewable energy system, integrate energy
system, global warm, municipal solid waste,
climate change mitigation, improve energy
efficiency, waste, hydrogen storage. The
topic of hydrogen storage in the context of
an integrated renewable energy system is
really interesting.

The result of applying the procedures
playground.allenai.org + quillbot.com/sum-
marize + manual editing to the term integrate
energy system technology (compiled from re-
newable energy system — 60; integrate energy
system — 44):“The integration of renewables
requires equalizing their intermittent nature
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by forecasting their generation and balanc-
ing them with other energy resources.

Energystoragetechnologieslike batteries,
pumped hydro, and thermal storage are
integrated to manage renewable energy
variability, ensure grid stability, and support
peak power savings.

Smart grid technology uses digital
technology to improve the efficiency and
reliability of energy distribution, enabling
real-time energy management and demand
response programs.

Demand  Response and  Energy
Management Systems enable utilities and
customers to adjust energy consumption
during peak demand periods, thereby
reducing the electric grid’s load.

High voltage DC transmission lines
are used to transport large amounts of
electricity over long distances. They facilitate
the connection of remote renewable energy
sources to demand centers.

Microgrids are small autonomous
networks that utilize distributed energy
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Fig. 4. Network of keywords co-occurrence in the third cluster
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resources, energy storage, and intelligent
control systems to optimize energy
consumption and enhance resilience during
grid outages.”

Cluster-4 of network shown in Figure 1

Figure 5 shows the graph of the fourth
cluster, the entire keyword network.

The dominant terms in this cluster:
thermal energy storage, phase change
material, power generation, concentrate
solar power, thermal energy, phase change,
unite state, renewable energy generation.To
conserve energy, temperature equalization
is necessary, e.g. for daily variations in
sunlight and air heating.

The result of applying the procedures
playground.allenai.org ~ +  quillbot.com/
summarize + manual editing to the term
thermal energy storage bade on phase change
material (compiled from thermal energy
storage — 99; phase change material — 59):
“Materials with phase transitions absorb and
release heat energy, allowing it to be stored
and released at nearly constant temperature.

PCMs can be organic or inorganic;
organic PCMs consist of paraffins, fatty acids
and polymers, inorganic PCMs include salt
hydrates and metals.

PCMs offer advantages in thermal
energy storage, including high energy
density, temperature control, flexibility and
reduced environmental impact. They can
maintain constant temperatures during
phase change, meet specific application
requirements and improve heating and
cooling efficiency.

PCMs face problems of thermal
conductivity, stability and cost. Solutions
include additives with high thermal
conductivity or developing systems with
good heat exchanger surfaces. Cost remains
a barrier to widespread adoption.”

Cluster-5 of network shown in Figure 1

Figure 6 shows the graph of the fifth
cluster, the entire keyword network.

The dominant terms in this cluster:
energy storage, energy storage system,
energy storage technology, storage, air
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Fig. 5. Network of keywords co-occurrence in the fourth cluster
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energy storage, battery energy storage,
high energy density, energy storage device,
storage system. The issue of energy storage
is very relevant, especially in distributed
systems, due to the uneven nature of
renewable energy generation. It is useful to
consider energy systems issues in a broader
context [38, 39, 40].

The result of applying the procedures
playground.allenai.org  +  quillbot.com/
summarize + manual editing to the term
energy storage system technology (compiled
from energy storage — 310; energy storage
system — 181; energy storage technology
— 179): “Lithium-ion batteries are widely
used in energy storage systems due to
their high energy density and long service
life. Lead-acid batteries are still used in
stationary applications due to their lower
cost. Flow batteries, in which the chemical
components are dissolved in a liquid
separated by a membrane, are suitable for
grid-scale energy storage. Sodium sulfur
batteries are high-temperature batteries.

Solid electrolyte technology has the
potential to provide higher energy density
and faster charging.

Pumped hydro storage involves pumping
excess energy from a lower reservoir to an
upper reservoir, and then using turbines to
generate electricity when needed.

Compressed air energy storage systems
storecompressedairinunderground caverns
or tanks, which is heated when needed and
sent to turbines to generate electricity.

Thermal energy storage in the form of
molten salt. Ice storage involves the pro-
duction of ice during off-peak hours in en-
ergy-intensive cooling systems. Long-term
storage of thermal energy, e. g. in boreholes.

Flywheels store energy. Their fast
response time makes them suitable for
frequency control and short-term energy
storage.

Flywheel energy storage systems are
suitable for frequency control and short-
term energy storage due to their fast
response time.
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Hydrogen, produced through water
electrolysis, can be utilized to store excess
renewable energy, which can be utilized in
fuel cells or burned for electricity generation.

Superconducting  magnetic  energy
storage in coils, providing fast response
time and power system stability, but their
application is limited by high cost and
technical problems.”

Cluster-6 of network shown in Figure 1

Figure 7 shows the graph of the sixth
cluster, the entire keyword network.

The dominant terms in this cluster:
electric vehicle, artificial intelligence, energy
management, fuel cell, electric vehicle
charge, energy management system,
alternative energy source, hybrid electric
vehicle. On this figure, the term artificial
intelligence appears in the context of electric
vehicles and energy management. Nowadays,
the topic of artificial intelligence is more
and more related to data centers and their
energy consumption, and this issue requires
a separate study.

fuel cell f@chnology
oxidgfwel cell
fael
electric vehigle technelogy
fuel cellvehicle
fuel celpelectric fuelgell

hybrid@lectric  cqll slectgic vehicle

artificial intelligence techno
hybrid elegfric vehicle Y
machife learn

battery elagiric vehicle
vehiclmeharge

hydrogefijfuel cell

The result of applying the procedures
playground.allenai.org ~ +  quillbot.com/
summarize + manual editing to the term
electric vehicle charge technology (compiled
from electric vehicle — 140; electric vehicle
charge — 36): DC fast charging technology
for rapid charging speed, allowing up to
80% of the battery capacity to be charged in
30 minutes to 1 hour.

Standard connector matching
technologiesforEV chargingincludingJ1772
in North America, Mennekes in Europe, and
CHAdeMO and Combined Charging System
for fast DC charging.

Wireless charging, a technology enabling
electric vehicles to charge without a physical
plug, is currently less efficient and slower
than wired charging.

Developing a robust  charging
infrastructure for electric vehicles that
includes  physical charging stations,

grid modernization, and smart energy
management systems.
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artificialiintelligence

vehicle chapge station
electric vahicle charge

home energyimanagement

energy management system

elaglric

chargafstation

chafge

managemgnt system

bild

electric vehicle

todaywarld

global@nergy

thermal m@nagement

. VOSviewer

N

Fig. 7. Network of keywords co-occurrence in the sixth cluster
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Cluster-7 of network shown in Figure 1

Figure 8 shows the graph of the seventh
cluster, the entire keyword network.

The dominant terms in this cluster:
energy, renewable energy source, renewable
energy, energy source, renewable, natural
gas, energy trade, renewable energy sector.
If labeling this cluster with the key term
energy, one can see the dominance of
topics related to renewable energy sources,
publications containing the terms natural
gas, oil and gas are very poorly represented.

The result of applying the procedures
playground.allenai.org  +  quillbot.com/
summarize + manual editing to the term
renewable energy source technologies
(compiled from renewable energy source —
443): Solar energy uses photovoltaic cells to
convert sunlight into electricity, while solar
thermal systems heat fluids to generate
steam for turbines. Concentrated Solar
Power (CSP) technology focuses sunlight
onto a small area for electricity generation.

Wind turbines convert wind energy into
mechanical power, generating electricity.

peer-to-peeranergy trade
energirade

powae grid
saudowmrabia

Offshore wind farms utilize stronger, more
consistent winds over the sea.

Hydropower utilizes water power to
generate electricity using dams, and
pumped storage facilities.

Biomass energy is generated by burning
organic materials like wood, agricultural
waste, or energy crops, using advanced
technologies like gasification, pyrolysis, and
anaerobic digestion.

Geothermal energy uses the Earth’s
internal heat to generate electricity by
drilling holes in geothermal reservoirs,
bringing hot water or steam to the surface,
which drives turbines and heat pumps to
heat and cool buildings.

Tidal energy used to generate electricity.
Ocean thermal energy conversion that uses
the temperature difference between warm
surface seawater and cold deep seawater to
generate electricity.

Hydrogen energy can be produced from
renewable sources, such as solar or wind
power, through electrolysis, which can be
stored and used to generate electricity.

renewable enagy integration

renewable energy power

renewable apergy sector
oil al

enewable energy project
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Fig. 8. Network of keywords co-occurrence in the seventh cluster
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Biofuels like ethanol and biodiesel,
derived from biomass or recycled lubricants,
can be utilized in vehicles or as fuel additives
to petroleum-based fuels.

Cluster-8 of network shown in Figure 1

Figure 9 shows the graph of the eighth
cluster, the entire keyword network.

The dominant terms in this cluster:
hydrogen, energy vehicle, hydrogen
production, green hydrogen, sustainable
energy solution, science and technology,
green hydrogen production, energy vehicle
industry. In my opinion, it is advisable to
focus on hydrogen and advanced materials
science. Of particular interest is the topic of
Critical Raw Materials for Energy Transition,
which is underrepresented in the
bibliometric dataset surveyed. An example
of work that exposes this topic is the
review [41], which shows that the energy
transition has increased the demand,
extraction and supply of critical materials.
Critical materials concepts should prioritize
long-term sustainability over politics.
The availability of critical materials poses

hydrogen produgtion technology

serious risks to the long-term sustainability
of economies.

The result of applying the procedures
playground.allenai.org  +  quillbot.com/
summarize + manual editing to the term
hydrogen production technology (compiled
from hydrogen — 105; hydrogen production
technology — 10): Steam reforming of
methane is the most common industrial
method of hydrogen production, involving
a high-temperature reaction with steam to
produce hydrogen and carbon monoxide.
This endothermic two-step process results
in significant carbon emissions as a by-
product.

Autothermal reforming, a process
involving the self-sustaining oxidation of
methane using oxygen and steam, has the
potential to enhance energy efficiency.

Gasification of coal at high temperatures
using steam and oxygen to produce a syngas
mixture containing hydrogen and carbon
monoxide which can be further processed
by shear conversion to produce additional
hydrogen and CO,.

energy siggage power
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Fig. 9. Network of keywords co-occurrence in the eighth cluster
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The process of water electrolysis, utilizing
renewable energy sources, produces “green”
hydrogen without releasing greenhouse
gases,usingthree maintypesofelectrolyzers:
alkaline, proton exchange membrane, and
solid oxide.

Microorganisms can produce hydrogen
through fermentation or direct biophotolysis
in algae, but these methods are in research
and development stages and are not
commercially viable on a large scale.

Photobiologicalproductionusingalgaeand
cyanobacteria to produce hydrogen requires
further research to overcome challenges such
as low efficiency and scalability.

Thermochemical cycles, including solar
thermochemical water splitting, utilize heat
to convert water into hydrogen and oxygen,
a potential future technology that utilizes
concentrated solar energy.

Cluster-9 of network shown in Figure 1

Figure 10 shows the graph of the ninth
cluster, the entire keyword network.

The dominant terms in this cluster:
sustainable development goal, global

electrical engrgy storage

increasefimportant

renewablgresource

continug to rise

sustainable@nergy source

energy demand, sustainable development,
European union, sustainable energy source,
energy demand, global energy crisis, life
cycle assessment. This cluster includes
publications least related to technology, but
rather to political economy.

The dominant terms in this cluster:
sustainable development goal — 48;
global energy demand — 40; sustainable
development — 35; European union — 34.
The cluster is not about technology.

Cluster-10 of network shown in Figure 1

Figure 11 shows the graph of the tenth
cluster, the entire keyword network.

The dominant terms in this cluster:
power, wind, power system, distribute energy
resource, power plant, wind energy, wind
power, renewable energy resource. Keywords
describe the topic of energy generation, but
renewable energy dominates.

The result of applying the procedures
playground.allenai.org  +  quillbot.com/
summarize + manual editing to the term
wind power system technologies (compiled
from power — 84; wind — 70; power system

wire powes transfer
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Fig. 10. Network of keywords co-occurrence in the ninth cluster
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Fig. 11. Network of keywords co-occurrence in the tenth cluster
Puc. 11. Ceme cosmecmHoU 8cmpedaeMocmu KJ11o4esbix /108 8 0eCAMOM Kadcmepe

— 61): The two main types of wind turbines
are horizontal axis turbines and vertical
axis turbines, which capture wind from any
direction without orientation.

Direct-drive generators use a gearless
mechanism to generate electricity, which
reduces wear and tear and improves
efficiency, but increases initial cost.
Gear-driven generators use a gearbox
to increase turbine shaft speed and are
more affordable but require more frequent
maintenance.

Yaw control systems steer the nacelle
into the wind to maximize power, and
angle control systems adjust blade angles
to maintain optimum angle of attack and
control turbine speed during high winds or
stops for maintenance.

Steel Towers are a traditional choice
that balances cost, weight, and durability.
Concrete Towers offer better corrosion
resistance and longer life spans but are
heavier and may be more expensive to
install. Composite Towers, made from

fiberglass, are lighter and easier to transport
but may cost more.

Power electronics, such as inverters, are
used to change the frequency and voltage
of the generated electricity to meet the
requirements of the power grid. And DC/AC
converters.

Tools to measure wind speed, direction
and other wind characteristics to determine
the best location for installing wind
turbines.

Cluster-11 of network shown in Figure 1

Figure 12 shows the graph of the eleventh
cluster, the entire keyword network.

The dominant terms in this cluster:
internet of thing, energy consumption,
energy system, smart grid, energy efficiency,
clean energy technology, smart, thing
technology. The topic can be assigned to
Energy Systems, including Internet of Things
and Smart Grid. The note for Cluster 5 also
applies here.

The result of applying the procedures
playground.allenai.org + quillbot.com/
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Fig. 12. Network of keywords co-occurrence in the eleventh cluster
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summarize + manual editing to the term
internet of thing technologies: Sensors and
transducers include temperature, humid-
ity, accelerometers, gyroscopes, and pres-
sure sensors.

Microcontrollers such as Arduino or
Raspberry Pi are compact, inexpensive, and
havebuilt-inl/Ocapabilities.Microprocessors
provide processing power to analyze data.

Communication protocols like Wi-Fi,
Bluetooth, Zigbee, Z-Wave, LoRaWAN, and
NB-loT vary in range, power consumption,
bandwidth, and complexity.

Cloud services like AWS loT, Microsoft
Azure loT Hub, and Google Cloud loT offer
platforms for managing loT devices and
data.

loT gateways act as intermediaries
between loT devices and the cloud,
processing and aggregating sensor data,
handling communication protocols, and
performing basic analytics before sending
data to the cloud, and connecting devices
without direct internet access.

Software for device management, data
processing and user interaction. Middleware

provides the necessary software and
services to enable communication and
interoperability between disparate systems.

User interfaces and applications that
allow users to interact with the IoT system,
view or control data.

loT systems generate large amounts of
data that need to be analyzed (including
using machine learning algorithms) to
identify patterns, predict future events, and
make evidence-based decisions.

To preventdataleakage and unauthorized
access to loT systems, robust security
measures such as encryption, secure boot,
firmware updates, and network security
protocols are required.

Many loT devices are battery-powered, so
energy efficiency and battery life are critical.
Technologies such as energy harvesting,
solar charging, and low-power modes are
often used to maximize battery life.

Edge computing technologies, which are
implemented on IoT devices or gateways,
process data closer to the source, reducing
latency and bandwidth utilization.
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Cluster-12 of network shown in Figure 1

Figure 13 shows the graph of the twelfth
cluster, the entire keyword network.

The dominant terms in this cluster:
energy harvest, energy harvest technology,
wire sensor network, gain significant
attention, energy harvest system, energy
conversion, energy conversion technology,
smart grid system, piezoelectric energy
harvest, radio frequency energy. The topic of
energy harvesting technology is interesting in
this case in the context of the autonomous
operation of sensors and the energy sources
for them: piezoelectric energy harvest and
radio frequency energy.

The result of applying the procedures
playground.allenai.org ~ +  quillbot.com/
summarize + manual editing to the term
energy harvest technology  (compiled
from energy harvest — 58; energy harvest
technology — 45): Thermoelectric energy
harvesting utilizes the Seebeck effect to
generate electricity through temperature
differences, such as between the human

smart grid system

energy harvest
energy conversion

energy harvest technology

wind energy conversion
piezoelectric energy harvest
energy harvester

. iezoelectric energy
wire sensor network " i o

radio frequency energy

wire sensor
energy harvest system

frequency energy harvest

% VOSviewer

piezoelectric anergy harvester

body and the surrounding air or hot
equipment and a cooler environment.

Piezoelectric energy harvestingis suitable
for applications such as footstep generators
in pedestrian areas, motion sensors, or
capturing the vibration energy of machines.

Photovoltaic energy harvesting is a meth-
od that uses flexible solar cells to harvest
energy from ambient light for small devices.

Radio frequency energy harvesting uses
radio waves emitted by television, radio
broadcasting, mobile networks, or Wi-Fi
signals for low-power devices.

Harvesting biochemical energy, such as
glucose in the human body, to generate
electricity for medical implants and wearable
devices.

Using microturbines and piezoelectric
systems to generate hydroelectric power
on a small scale from fluid streams, such as
water in pipes or streams.

Energy harvesting by wind microturbines
in remote areas or as supplementary energy
sources.

gain significant attention

recent year due
solar energy utilization

gain significant

energy utilization efficiency

harvest technology

S
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Fig. 13. Network of keywords co-occurrence in the twelfth cluster
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Triboelectric nanogenerators generate
electricity by rubbing two materials against
each other; they can harvest energy from
human movement, vibrations, and even
water waves.

Electromagnetic induction generates
electricity by moving a conductor through
a magnetic field, and is used in applications
involving shaking and rotating machinery.

Note: The use of artificial intelligence to
generate text based on key phrases reduces
bias in the selection of the main tasks to be
solved in the topic under consideration. The
generatedtextcontainsmanyrepetitionsofkey
terms, so it is appropriate to apply abstractive
text summarization to it (reducing it by about
half for short texts). However, summarization
can lead to the deletion of some key terms,
which will distort the informativeness of the
text. Therefore, subsequent manual editing
cannot be avoided. In my opinion, the creation
of efficient text editors that combine all three
stages of text processing may be in demand.
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In general, the use of Al in such a context
speeds up text processing, but the need for
manual editing remains.

Clusters of the keyword co-
occurrence network identified by
KeyphraseVectorizers PatternRank

This section uses the keywords obtained
by the yake-rust PatternRank for each of
the abstracts of 10 thousand bibliometric
records.

Figure 14 shows 11 clusters of key terms
identified by the PatternRank program.
The keywords co-occurrence network was
built by VOSviewer with the following
parameters: total number of key terms —
24584, of which 1200 occurred 5 or more
times. 500 terms with the highest total link
strength were used to build the network.
With the minimum number of 20 terms in a
cluster, 11 clusters were obtained.

Cluster-3 of network shown in Figure 14

Figure 15 shows the graph of the third
cluster of Pattern Rank’s keyword network.

¢ energy harvest
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Fig. 14. Co-occurrence network of keywords obtained by PatternRank. 11 clusters
Puc. 14. Ceme coemecmHOU 8CMpedaemMocmu K/1to4HesbIx €108, NOJTyYeHHbIX C NOMOWbHO
PatternRank. 11 knacmepos
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Fig. 15. Network of keywords co-occurrence in the third cluster. Keywords obtained by PatternRank
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The dominant terms in this cluster:
energy storage, energy storage system,
thermal energy storage, energy storage
technology, supercapacitor, air energy
storage, thermal energy storage system,
energy storage solution, hybrid energy
storage, compress air energy storage, ion
battery, hybrid energy storage system,
thermal energy storage technology,
thermochemical energy storage.

Different aspects of the energy storage
theme are reflected very consistently. The
closest is cluster 5 from the previous section
(Figure 6).

Cluster-6 of network shown in Figure 14

Figure 16 shows the graph of the sixth
cluster of Pattern Rank’s keyword network.

The dominant terms in this cluster:
hydrogen production, hydrogen storage,
hydrogen, green hydrogen production,
water electrolysis, hydrogen energy,
hydrogen economy, hydrogen energy
storage, hydrogen technology, hydrogen
fuel cell, hydrogen production technology,
hydrogen generation.

Different aspects of the hydrogen
production topic are reflected more
consistently compared to cluster 8 of the
previous section (Figure 9).

Cluster-9 of network shown in Figure 14

Figure 17 shows the graph of the ninth
cluster of Pattern Rank’s keyword network.

The dominant terms in this cluster:
carbon emission, carbon capture, CO,
emission, CO, capture, greenhouse gas
emission, emission, carbon capture
technology, biogas, CO,, carbon emission
reduction.

Compared with cluster 1 of the previous
section (Figure 2), different aspects of the
carbon emission topic are reflected more
consistently.

A few preliminary thoughts on the
results obtained in this paper

The choice of graphs for comparison from
the two sections is due to the fact that the
issues of hydrogen, thermal energy storage
and greenhouse gas emissions presented
in the clusters obtained from both of their
derivation options are closest to the theme
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Fig. 16. Network of keywords co-occurrence in the sixth cluster. Keywords obtained by PatternRank
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Fig. 17. Network of keywords co-occurrence in the ninth cluster. Keywords obtained by PatternRank
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on which this study was conducted (State
Assignment No. FMME-2025-0012).
Preliminary, subjective opinion: terms of
clusters formed from keywords generated
by PatternRank are more similar in topic
(more homogeneous due to use of LLM), on
the other hand, keywords from Yake! give
more links to terms from related topics.

In the bibliometric data for the query
“energy AND technology’, oil and gas topics
are not presented separately. The most
common term that can be attributed to this
topic is fossil fuels. This can be explained by
the fact that the issues of renewable energy
technologies have been actively promoted
in political decisions for a long time and,
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as a consequence, actively financed.
Therefore, when promoting technological
issues of energy security related to oil and
gas, it is necessary to take into account
such competition from renewable energy
sources. For renewable energy systems,
energy storage, balancing generation and
consumption are among the key challenges.
Hydrogen, terminal energy storage and
greenhouse gas emissions are examples of
overlapping interests that should not be
underestimated in oil and gas projects. That
is, it is appropriate to consider competitive
opportunities for oil and gas projects in the
areas of hydrogen, terminal energy storage,
and greenhouse gas emissions. Examples:
Use of spent wells as a source and storage of
thermal energy. Burying greenhouse gases
or using them to displace hydrocarbons
from reservoirs. Developing technologies
to produce hydrogen and soot instead of
hydrogen and carbon monoxide. I. e. for
energy security issues it is important to
assess the competitiveness of the oil and
gas sector not only in terms of economic
indicators, but also in terms of issues that are
declared as benefits in the RES, e. g. carbon
is valuable in materials science.

For a more detailed disclosure of the
topic “Technological Sovereignty as a
Current Energy Security Challenge” on the
basis of bibliometric analysis, it is necessary
to expand the data sources, e. g. to use
OnePetro for oil and gas topics, IEEE Xplore
for energy systems issues, Semantic Scholar
to evaluate therole of Alin the energy sector,
etc.

Both ways of defining keywords suffer
from the appearance of terms that are
similar in meaning but different in detail, e.g.
energy, renewable energy, renewable energy
technology. One-word terms greatly expand
the search results, while three-word terms
narrow them. The choice is determined by

the task at hand, and the selection problem
can be solved using regular expressions, e. g.
by the number of spaces in key terms.

CONCLUSIONS

The prevalence of topics related to
renewable energy in the texts of abstracts
of bibliometric data collected on the query
“energy AND technology” in the Scilit
database for the year 2024 is shown.

Twelve clusters were identified based on
keywords from the Yake! program, three of
which are closest to the topic for which the
studywasfunded.Theobjectivesrepresented
inthese clustersareasfollows: hydrogen, heat
energy storage and greenhouse gas emissions
are reflected by keywords derived from both
Yake! and PatternRank. Clusters formed from
keywords derived from PatternRank appear
more homogeneous in terms of topic, while
keywords from Yake! provide more links to
terms from related topics.

Artificial intelligence can generate
text based on key phrases, reducing task
selection bias. However, when summarizing
the text, it may remove key terms, which
distorts the informative nature of the text.
Therefore, manual editing is necessary. The
use of Al speeds up text processing, but the
need for manual editing remains

The study shows that it is necessary to
expand data sources, e.g. use OnePetro for
oil and gas topics, IEEE Xplore for energy
systems issues, Semantic Scholar to evaluate
the role of Al in the energy sector, etc.

The advantage of the Yake! program over
PatternRank in terms of both execution
time and representation of the obtained
keywords in the abstract texts is shown.
Both ways of defining keywords suffer from
the emergence of terms that are similar in
meaning but different in detail, e. g. energy,
renewable energy, renewable energy
technology.
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The feasibility of using AnyAscii for text
preprocessing is demonstrated.

ON THE NEED FOR FURTHER RESEARCH

The above analysis showed the
predominance of the topic of renewable
energy in the texts of the studied
bibliometric records. At the same time,
the issues of technological sovereignty
are not addressed. For example, in
all the bibliometric records analyzed
in this paper, the terms technological
independence and technological
sovereignty, the relevance of which is
important especially in the context
of growing competition in digital
technologies and Al, did not appear once.

Here are just a few references that reveal
the relevance of the topic of technological
sovereignty: “The debate on technological
sovereignty revolves around a state-owned
digital infrastructure aimed at creating
interoperable, non-exclusive services. It
includes full national ownership of the
entire technology stack, including data
centers, and modest attempts to provide
technology choices”'*. Resolution of the
Government of the Russian Federation of

* Economic policy. URL: https://www.ecb.
europa.eu/mopo/eaec/ecopolicy/html/index.
en.html (date of access: 03.11.2025).

April 15, 2023, No. 603 “On Approval of
Priority Areas of Technological Sovereignty
Projects...””.

At the same time, no technology can be
competitive without stable and affordable
energy, which is the reason for the attention
to the topic of Technological Sovereignty as
a Current Energy Security Challenge.

Although the topic of technological
sovereignty has been widely discussed in
recent years, academic publications are still
scarce. For example, query: “technological
independence” in ScienceDirect, Research
articles [Title, abstract, keywords]: returned
9 results in all years. And “Technology
Sovereignty” — 1 result in all years [42].

A search for“Technological Sovereignty
on onepetro.org returned 2 results [43, 44].

Supplementary materials: Chigarey,
Boris (2025). Supplementary materials
for the publication  “Technological
Sovereignty as a Current Energy Security
Challenge. Preliminary analysis”. figshare.
Dataset. https://doi.org/10.6084/
m9.figshare.29094296.v1

4

> TlacnopT HaUMOHaNbHOIrO npoekTa «[e-
morpadua» = Passport of the national project
"Demography”. URL: http://static.government.
ru/media/acts/files/1202304170025.pdf (date of
access: 03.11.2025).
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