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Abstract: Due to the highly recent innovations in energy optimization research, this study presents a
systematic overview of the area, exposing gaps and interesting directions for future research. The
current study investigated the trend of research growth using 24,946 research paper with 731,873
references data gathered from the Web of Science Core Collection database (WOS), from the period
between 1990 and September 2022, using bibliographic coupling and keyword co-occurrence. The
aim of this research is to analyze bibliometric efficiency criteria, such as publishing and citation trends,
the top ten institutions, countries, and the most frequently referenced articles. The Matlab and Vos
viewer software illustrate the current state of visualization research articles. Science maps as result of
indicators, such as the most often used keywords plus and keywords, citation and co-citation, and
collaboration is also being established for in-depth research. The study findings enable us to conclude
that the number of publications in this field show that the importance has grown tremendously
over the last 30 years, with China, United States, Germany, and India emerging as the countries that
publish the most. The top ten researchers in led energy optimization were also identified. Academics
should become acquainted with the hotspots in this discipline as soon as possible. This is also the
first study to use bibliometric research to thoroughly evaluate the energy optimization literature. It
will help researchers widen their knowledge and quickly comprehend the present condition and
trend of development.

Keywords: bibliometric analysis; energy optimization; review; co-occurrence analysis; visualization
analysis; web of science; publication trend

1. Introduction

Energy optimization refers to the use of—and avoidance of—energy in the built envi-
ronment in order to optimize environmental and human benefits. From a resource aspect,
we are talking about a four-legged stool: monitoring [1], evaluation [2], optimization [3],
and benchmarking [4].

Improving energy efficiency has been highlighted as a viable option for the means
of promoting energy savings, lowering emissions, and achieving sustainable develop-
ment. There are several widely scattered methods for improving energy performance in
the direction of sustainable manufacturing, resulting in inadequacy in terms of overall
strategy and system integration. A thorough study and analysis of energy monitoring,
assessment, benchmarking, and optimization from several viewpoints is required in order
to comprehend the energy usage trend and put in place effective energy-saving methods [5].

Energy monitoring and assessment might aid company energy administrators in
determining energy use and analyzing the potential for energy savings, benchmarking, and
energy optimization, which are helpful in establishing the best standards and dominance
in energy. From either a practical standpoint, this study outlines and covers a wide range
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of approaches for improving energy efficiency in manufacturing through categorization;
it might be an advantageous reference for method selection in real-world situations. In
addition, our approach can help manufacturing employees manage energy use and run
production operations more efficiently [6].

Users may make educated energy management decisions and save money by using
energy-monitoring devices, which collect data about their use habits. This research high-
lights the importance of having real-time access to energy use patterns. It is necessary for
seeing and comprehending the savings possibilities. From this perspective, this paper de-
scribes the creation of an embedded system calibrated by itself for monitoring, measuring,
controlling, and forecasting the consumption of electrical loads, allowing for increased
energy efficiency through the handling of demand-side loads [7].

Researchers provide a methodological framework for systematically evaluating and
monitoring savings and the performance of energy in textile wet processing procedures.
The technique was then expanded to examine energy-effectiveness-monitoring procedures
and find energy-reduction strategies. The suggested structure was created using a detailed
investigation in regard to the production process of textile wet processing facilities, as
well as ISO 50001 standards [8]. Based on monitoring data, the research attempted to
evaluate equipment ratio and the time series of power used by homes throughout the town.
Nevertheless, because the number of families tracked was modest, the system was unlikely
to be considered representative [9].

The simulation of a facility producing solar thermal energy is now ongoing. The
climate information utilized is from two Ecuadorian coastal cities and one island. This
study contributes by simulating a comprehensive model of power conversion system and
solar collector field that includes the parameters of oil flow and outlet temperature at the
same time. Initially, the outlet temperature was simply used to evaluate power plants.
The thermo-solar plant model is made up of a solar collector’s field, an energy conversion
mechanism, and a storage tank. As a consequence, they have a thermo-solar plant model,
which will enable us to judge once, contemplating the inclusion of micro-networks in
systems that are not connected to the electrical network [10].

In this study, a model of multi-level energy flow with indications of energy that incor-
porate producing energy are defined. Consequently, based on data and IoT, a system for
managing energy for evaluating energy efficiency is established. The energy consumption
statistics are intended for gathering, transmitting, storing, processing, mining, and applica-
tion. Furthermore, given the data on system energy usage, a comprehensive assessment of
an energy efficiency approach is outlined [11].

This research presents a method to assess energy consumption in a cloud computing
data center, starting by creating a model for assessing energy use, then examining rela-
tionship using multiple linear and nonlinear mathematical models between independent
and dependent parameters, then finally utilizing average and relative deviation to deter-
mine the reliability of the evaluation findings. The depth learning mechanism is added
to complete the mapping of regression parameters, and also the depth residual network
is used for iteratively training polynomial parameters. Completely extracting the energy
consumption model’s regression parameters solves the assessment of the energy usage
function, reconstructing energy usage in cloud computing data centers model using the
sub strategy parameters by saving them in the memory playback pool [12].

The energy standard or benchmark is widely acknowledged as a useful management
tool and analytical approach for increasing energy conservation. However, investigations
into the automated guided vehicles energy standard is missing. Many AGV path plans
are viable to complete a transport assignment, then constructing an energy standard to
assess every option plan and pick the most energy-efficient one. Likewise, constructing
a dynamic energy efficiency grading framework that is commensurate with the energy
saving potentials of the transportation job [13].

Lastly, there are several definitions of energy standard or benchmarking in systems
for mechanical manufacturing based on various operational processes, items, and appli-
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cations [14]. Machine learning was used to create an energy usage baseline for Brazilian
colleges. The primary scientific contribution is the creation of benchmarking for every
institution, not just one location. Machine learning enables the benchmarking approach to
be generalized [15].

To construct leveraging real-time big data to create a scalable room-level energy
benchmark, a unique process model was presented, with the goal of finding typical energy
use patterns and promoting tenant behavior modification to conserve energy in buildings.
It was utilized as a case study. The new technique was developed to differ from the previous
approach in three ways: (a) the space unit; (b) the time unit; and (c) the equipment unit to
which occupants can accurately reply [16].

Several researchers have developed hybrid approaches to enhance precision, consis-
tency, and overall efficiency. However, in the literature, most algorithms focus on method-
ology, with little emphasis made to the development of objective functions, resulting in a
theoretical gap in this field of research [17].

A study uses an optimization-based curve-fitting technique to evaluate the function
parameters of many mathematical models reported in the literature for simulating lightning
impulses. The simulation findings suggest that this is an efficient, reliable, and easy tool
for consistently extracting the tail durations, specific energy, peak value, front and current
derivative, and charge of lightning impulse forms [18].

Optimal parameters are applied to four varying situations of urban energy supply.
There are several energy sustainability metrics available; however, several of them are ap-
propriate for usage in an urban energy optimization of structure modeling. The elimination
of upstream energy supply networks causes flaws, restricted skills to compare small energy
systems, and unnecessary accounting expenditure [19].

In addition to increasing climate change, fuel prices have heightened interest in
alternate energy sources. Renewable energy sources, particularly hybrid systems, are
increasingly becoming a source of alternative energy [20]. Because of the hybrid energy
system integration within the primary grid, microgrids that run either off or on grid
manners are now possible. Hybrid microgrid systems optimization has received a lot
of attention in the bibliography. This study assesses three important themes in order to
provide fair and valuable information for future research trends.

A demand response logistic function-based model is built to optimize the dynamic
charging/discharging electricity pricing, and the load characteristics of electric cars is
evaluated. Using the information gap decision theory, a coordinated optimum model is
built to deal with the uncertainty of dispersed generation while also ensuring the resilience
of the active distribution network and operational economy [21].

Conversely, for smart home stakeholders, the objective of minimizing energy usage
is always a major issue. Because a review of successful energy conservation approaches
is useful for getting a rapid overview of bibliography techniques, a complete overview
of energy management approaches may generate fresh leads for further study and might
provide additional strategies for improving current methods. The purpose of this review
research is to offer an overview of previously presented energy-saving recommendations
and energy conservation approaches [22]. To do a comparison study across different
strategies, they identify many essential elements in energy-saving techniques, such as peak
and off load scheduling, user energy, and appliance energy profiling.

This study will offer a detailed assessment of current developments in SAPV system
design based on multi-criteria decision-making approaches and multi-objective optimiza-
tion, as well as the analytical models used to calculate storage battery output power and
PV module. Eventually, the technoeconomic parameters to evaluate the SAPV system’s
effectiveness are reviewed. This will assist designers and consumers in selecting the most
appropriate design prior to deploying the SAPV system [23].

Unfortunately, bibliometric analysis of energy optimization is seldom examined; there-
fore, there is a current need for systematic and objective analysis and quantitative assess-
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ment of entire published data for a better understanding of possible research tendencies
and hotspots [24].

Researchers undertake bibliometric analyses largely using the Scopus and Web of
Science databases. Many researchers evaluate one of the pair [25], while just a handful
employ both. As researchers utilize both databases, they study them individually due to
the fact that it is impossible to blend the two manually, owing to differing area tags. For
instance, author citations in WOS are signified by the “Cited-Reference” label area; this is
also comparable to the “Cited-By” label in Scopus. As a result, even if a researcher receives
articles utilizing the same bibliography structure as the bib file, from the two databases,
it is challenging to mix the two to undertake distinctive analysis, particularly when the
databases are vast.

Insufficient studies integrate the two datasets in order to perform a single analysis, and
when they do they make no mention of how they accomplished it, which is significant if
the combined file approach is ineffective as this would mean that all upcoming bibliometric
analyses are most likely to be ineffective.

To address this issue, they undertake bibliometric analysis using both sets of data,
WOS and Scopus. Next, they complete three bibliometric studies using a merged database,
WOS and Scopus, with the goal of revealing discrepancies between the merged database
and Scopus bibliometric analysis, in addition to WOS and the merged database. This study
adds to the bibliometric analysis literature by demonstrating that the results of the WOS
and Scopus databases differ from the merged database. They specifically contend that
comparison studies between the Scopus and WOS databases are ineffective, since none of
them are comparable to the merged database [26].

Because it outlines a systematic process for choosing studies, bibliometric analysis
makes a vital addition to the subject of FI and corporate sustainability research; biblio-
metrics is widely used in many disciplines of research [27]. Furthermore, the findings of
current research may be used to highlight the boundaries of knowledge in the chosen study
subject, allowing for a more effective identification of existing research gaps. In brief, the
bibliometric review approach is a statistical examination of scientific literature that gives
important statistics and a full image for academics working on evaluating scientific activity
in a certain topic. The procedure, also known as scientific mapping, can be used to attain a
large or small domain of interest [28].

Pritchard’s bibliometric analysis is an excellent tool for statistically examining the
present condition and trend of scientific research, utilizing mathematical statistics and
visualization approaches based on the vast majority of publications. The statistical data
may be used to assess the quantity of interlinked investigations that varies year by year, the
significant international collaboration, and worldwide output performance, identifying hot
spots in the field, as well as, consequently and finally, recommending future investigation
objectives, with a focus on the amount and type of documents produced, the countries that
have contributed the most to this evolution, and the main researchers that have focused the
most on the topic. The study provided here, in particular, seeks to answer three essential
questions, the answers to which are expected to contribute to a greater and more effective
understanding of the reality that is felt in terms of 3D-printed polymer composites, namely:

− What is the reality that has been noticed in terms of energy optimization—What?
− Which countries have made the largest contributions to the study—and where?
− Who has made the greatest contribution in terms of energy optimization—Who?

2. Methodology

This work aims to clarify and quantify research development on the topic of energy
optimization from 1999 until 28 September 2022. The bibliometric analysis approach will be
employed in this study, based on USA-based descriptive and content analysis. It is one of
the most often used content analysis methodologies, and when used to study and measure
texts and information, it not only allows for the study and measurement of enormous
amounts of data but is also strongly validated by solid theories.



Energies 2023, 16, 158 5 of 22

The required bibliographic data were obtained and saved in an Excel file. The docu-
ment included ‘meta data’ that was commonly kept separate to an individual document,
as shown in Table 1. The data was prepared for analysis at this point by creating a file
designated as a thesaurus file. The thesaurus document was utilized during the study to
‘disambiguate’ comparable phrases in order to conduct credible analysis. For example, a
data file that might have had texts written by the same researcher but with various names.
The same issue arises when phrases with similar keywords, such as ‘optimisation’ and
‘optimization’, are used. Thesaurus files can help improve analysis accuracy by integrating
distinct variations of words, author name(s), and so on.

Table 1. Web of Science core collection.

Title, Author, Source Keyword, Abstract,
Addresses

Cited References
and Use Funding and Other

Title Abstract Cited References Funding Information

Author(s) Addresses Cited Reference
Count Publisher Information

Source Affiliations Usage Count Open Access
Conf.Info/Sponsors Document Type Hot Paper Page Count
Times Cited Count Keywords Highly Cited Source Abbrev.
Accession Number WoS Categories IDS Number
Authors Identifiers Research Areas Language

ISSN WoS Editions (print
only)

PubMed ID

The application of statistical methods to assess bibliometric publishing data, such as
peer reviewed journal articles, reviews, conference proceedings, chapters, books, is charac-
terized as bibliometric [29]. It is extensively used to demonstrate the relationships between
research fields and quantitative approaches. It is a method for monitoring, studying, and
measuring scientific published papers by individuals and institutions over a specific time
period and location, as well as the relationships between these publications. An examina-
tion of a set of papers on energy optimization using quantitative indicators, such as most
prolific researcher, temporal evolution, number of citations, and so on. The numerical study
of publications published by persons or institutions, time period, and location, as well as
the relationships or connection points between these publications, shows an attempt to
judge a journal or researcher’s academic quality quantitatively using statistical approaches,
such as citation rates and TC index. This also includes the utilization of publishing trends
to detect technological developments, as well as the gaps in the field.

The research paper input was gathered from the Web of Science Core Collection (WOS)
database. It is a well-known and extensively used database in research, readily available to
researchers, and provides a baseline for the successful combining and interaction of data
provided by it. In this sense, stating the potential provided by WOS and the literature
review carried out, with theme selection of “energy” and “optimization,” which was the
basis of the research carried out within the scope of bibliometric analysis in 6370 sources
(journal, book, etc.), was the basis of the research conducted, as shown in Table 2.

The key concept of this work was to identify research articles that concentrated on
all disciplines that contained “Energy” and “Optimization”. The earliest publications
were dictated in 1990, with the most current dates of publication in 2023. The search
question string used was: TITLEABS (“Energy” AND “Optimization”) AND (LIMIT-TO
(SRCTYPE, “All document types”)) AND (LIMIT-TO (DOCTYPE, “All document types”))
NOT (EXCLUDE (PUBYEAR, 2023) NOT (LIMIT-TO (LANGUAGE, “English”)). As a
consequence of this query string’s output, 24,946 documents were retrieved.

Articles with a weight of 73.2 percent (18,261 documents) of the categories of docu-
ments released take precedence here, followed by proceedings paper (17.8%—4452 docu-
ments) and review (4 percent—1001 documents) and other categories (Figure 1).
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Table 2. Main information.

Description Results

Primary data information

Time range 1990:2023
Sources (Books, Journals, etc) 6370

Papers 24,946
Annual Growth Rate % −0.87
Document Average Age 6.13
Average citations/doc 20.49

References 731,873

Document contents
Keywords Plus (ID) 30,996

Author’s Keywords (DE) 53,682

Authors
Authors 70,098

Authors of single-authored docs 911

Authors collaboration
Single-authored docs 1035

Co-Authors/Doc 4.31
International co-authorships % 26.59
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Therefore, the database was continuously updated, and all systematic search was
conducted on a separate day to prevent any potential bias. WOS’s “export” function was
used to export “proper documentation and cited references” of returned records as “tab
delimited text (.txt)” to bibliometric tools for further processing. Then, extensive data
on general information was gathered, including locations, institutions, annual publica-
tions, source journals, authors, funding sources, research topics, H-index, and number of
citations. The above approach was carried out separately by two investigators, and any
inconsistencies were resolved through discussions.

3. Results and Discussion

Co-occurrence analysis of keywords can highlight the link between study subjects and
identify more comprehensive and relevant research trends. Furthermore, this technique
may recognize common links between specific terms, explore new terminology that have
received little attention, and disclose current and upcoming themes in energy optimization
research. In this study, 78,086 keywords were identified, including author keywords and
keywords derived from the title and abstract, from 24,946 documents. The co-occurrence
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network knowledge mapping was shown; word repetition was restricted to three times. A
list of keywords of higher research value were further selected, resulting in a co-occurrence
network view of the top 5884 keywords, as shown in Figure 2.
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Thus, every node represented a distinct keyword. The area of the circle denoted the
number of times each term appeared. The curve linking the circles signified co-occurrence,
similarly its thickness was proportionate to the intensity of the relationship. Near keywords
were often more strongly linked than distant keywords, and the color denoted keyword
clusters. The top 10 leading keywords were: “optimization” “additive design”, “perfor-
mance”, “energy”, “model”, “system”, “simulation”, “systems”, “generation”, “efficiency”,
“managements”, and “renewable energy”. It was clear that energy optimization was the
primary focus of the research.

The keywords were then grouped into six major clusters, which were represented
by the colors red, green, blue, yellow, purple, and blue. The red cluster with the most
items (299 items) was focused on energy absorption, correlation energy, electrical proper-
ties, electrochemical performance, and so on. The green category was mostly concerned
with batteries and battery storage (225 items), such as “charge”, “control strategy”, and
“distributed control”, as well as distributed “power energy”, among others. The blue
category focused mostly on system, design, and performance, including “energy recovery,”
“dynamic simulation,” “energy analysis”, “entropy generation”, and “exergoeconomic anal-
ysis”. Finally, the yellow, purple, and blue clusters include terms associated with “biomass”,
“biomass gasification”, “algorithm”, “ant colony optimization”, artificial intelligence”, and
“cloud computing”, among others.

The statistical dispersion of articles associated with energy optimization was examined,
and the annual distribution is given in Figure 3. The articles about energy optimization
started appearing in 1990, and the quantity of articles continuously grew with minor
changes over time. In general, it had only recently received major scientific attention.
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According to the article’s growth tendency, the entire era was separated into two major
stages: the emerging stage (1990–2014) and the affluence stage (2014–2021). The number of
published publications was quite low in the early stages, less than 50 per year; similarly,
the yearly growth rate was slight. Following that, energy optimization had a burst, with
the number of publications jumping from 1100 in 2014 to 2365 in 2022.

This rise may be attributed not only to increasing research interest but also to the fact
that as the different factors costing productions evolved, it became clear that the identifi-
cation of appropriate energy optimization strategies and financial strategies contributed
to a 2.15 time increase in publications compared to 2014. It is worth mentioning that this
increasing tendency has been reinforced as technology has developed and the energy prices
have decreased.

Focusing on published papers, there are five sources that have made more materials
available in this field of research throughout the years under consideration. Figure 4 shows
the top ten most productive journals, which are Energies (797), Energy (601), Applied Energy
(565), Energy Conversion and Management (377), and the Journal of Cleaner Production (293).
With a steadily rising trend (Figure 5), the previous five years have definitely demonstrated
the significance that the topic of energy optimization has taken on (168 documents in
2018, 288 in 2019, 472 in 2020, 675 in 2021, and 797 in 2022, with 2023 already having 797
documents published).

With a significant expression in the last 5 years, these journals with the largest number
of documents published have been seeing a steady growth in their number of local citations,
with special significance to Applied Energy, with a number of local citations 19,685; followed
by Energy, with a number of local citations 19,170; followed by Renewable and Sustainable
Energy Reviews, with 13,887 citations; and Energy Conversion and Management, with 13,183
local citations, as shown in Figure 6.

Figure 7 shows when each author provided literature in this field. There were authors
who were working from 1993 and 1995.

The total output was produced by 70,098 authors, with 911 authors of single-authored
documents. Thus, the number of authors per publication on average is 0.35, and the
average co-authors per paper is 4.31, with a collaboration index equal to 26.59%. Cheng
L.G. from China topped the list with 31 Fractionalized Documents (FD), followed by Zhang
Y. with 24.7 FD, Li J. with 22.8 FD, Wang Y. with 22.3 FD, Liu Y. with 17.7 FD, Li Y. with
17.4 FD, Zhang L. with 16.9 FD, Wang J. with 16.4 FD, Zhang J. with 15.8 FD, and Wang
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L. with 12 FD; these are among the key researchers (Figure 8). As previously said, energy
optimization is viewed as an essential driver in the promotion and development of working
processes, and a significant number of academics have been paying close attention to the
subject in recent years.
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The top ten author level metrics based on H-G-M indexes are presented in Table 3.
The H-index reflects both production and the influence of publishing; an author has H
publications, and each article with H or more citations is how the H-index is determined,
while the G-index is a subtype of the H-index that recognizes highly cited authors in the
dataset. According to its developer, highly cited publications are important in determining
the H-index.

Table 3. H-Index top ten authors.

Author H-Index G-Index M-Index TC NP PY_Start

CHEN LG 28 43 1556 2590 108 2005
SUN FR 24 38 1333 1777 69 2005

FENG HJ 21 27 1.75 750 32 2011
YANG Y 21 38 1536 67

LI Y 20 33 1253 94
WANG Y 20 34 1445 104

ZHANG H 20 37 1457 70
ZHANG J 20 39 1612 83
CHEN X 18 29 1385 877 39 2010

LI J 18 32 1238 100

The identified article for the top H category is then discarded for further H-index
determination throughout time. This suggests that the publications in the top category
have no effect on the H-index of succeeding years, irrespective of the frequency of citations
that grows with time [30]. G-index values are always equal to or larger than H-index values.
Table 3 compares the M index authors who work in the field of agent-based modeling
but have drastically varied career spans. The H-index is limited in that it is field-specific
and time-based, and it disregards extensively referenced publications. Bibliometrics that
account for time, such as the M-index, ought to be examined in the discovery of young
researchers at an early stage, ideally in conjunction with critical peer review. The M-index
offers the greatest potential for locating promising early stage researchers. According to a
proposed a general guideline for understanding the index, an M-index > 2 is unusual, 1–2
is above average, and 1 is typical.

Highly cited authors who were cited more than 215 times have been depicted in
Figure 9; the most highly cited author who received more than 522 citations originated
from China. As shown, Chen L.G. is the most frequently referenced author (660 citations),



Energies 2023, 16, 158 12 of 22

followed by Sun F.R. with 391, Jorgensen W.L. (321), Abel R. (304), Sherman W. (258),
Friesner R.A. (242), Mobley D.L. (241), Wang L. (225), Berne B.J. (215), and Lin T. (215). So,
the number of received citations is impacted by the citation window, or the time period for
which citations were computed, cumulative citations per year were used to regulate the
fluctuation in citations.
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According to the findings, four distinct publishers were chosen as the top ten most
locally cited documents (Figure 10). These were the American Physical Society [31–34], the
American Institute of Physics [35,36], IEEE Explore [37,38], Science [39], and Cambridge
University Press [40]. The bulk of the journals, four in all, were published by the American
Physical Society, whereas IEEE Explore and the American Institute of Physics published
more than one. Science and Cambridge University Press had one document in total and
were other prominent publishers rated in the top ten.

In line with our findings, six distinct publishers were chosen as the top ten most
globally cited documents, as shown in Table 4. These were Elsevier, Wiley, Nature, the
American Institute of Physics, the American Physical Society, and the ACS publication. The
bulk of the journals, three in all, were published by Elsevier, whereas Wiley published two.
Nature, the American Institute of Physics, the American Physical Society, and the ACS
publication had one document in total.

Based on a review of the most-cited publications in the literature, the Quantum
ESPRESSO open-source research software in electronics, simulation, and optimization is a
collection concerns software applications designed for materials modeling and calculations
of electronic structures. Its primary concentration remains on innovation and efficiency,
with a particular emphasis on massively parallel architectures, and a strong emphasis on
usability. The GNU General Public License makes it freely accessible to researchers all over
the world [41].

They discussed how the GPW approach is now implemented in the QUICKSTEP
application. The charge density’s dual representation enables an effective handling of the
Hartree terms while maintaining the atomic orbital basis’s concise description of wave
functions. In addition, because the function of the wave is entirely described in a localized
basis, the Kohn–Sham matrix generation with linear scaling is achieved by monitoring
procedures that result in sparse matrices. They demonstrated that high accuracy may be
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acquired by combining proven quality pseudopotentials with a succession of gradually
increasing basis sets, as well as in the gaseous state and in the solution [42].

Table 4. Most of the top 25 globally cited papers.

Paper DOI TC TC Per Year

GIANNOZZI P, 2009, J PHYS-CONDENS MAT [41] 10.1088/0953-8984/21/39/395502 17,515 1251.07
VANDEVONDELE J, 2005, COMPUT PHYS COMMUN [42] 10.1016/j.cpc.2004.12.014 3330 185.00

PANDOLFO AG, 2006, J POWER SOURCES [43] 10.1016/j.jpowsour.2006.02.065 3089 181.71
MACKERELL AD, 2004, J COMPUT CHEM [44] 10.1002/jcc.20065 2730 143.68

KITCHEN DB, 2004, NAT REV DRUG DISCOV [45] 10.1038/nrd1549 2052 108.00
WANG YC, 2010, PHYS REV B [46] 10.1103/PhysRevB.82.094116 1739 133.77

YE S, 2010, MAT SCI ENG R [47] 10.1016/j.mser.2010.07.001 1676 128.92
PETERSON KA, 2002, J CHEM PHYS [48] 10.1063/1.1520138 1470 70.00

CHENG FY, 2011, ADV MATER [49] 10.1002/adma.201003587 1286 107.17
SHI X, 2011, J AM CHEM SOC [50] 10.1021/ja111199y 1037 86.42

ZOETE V, 2011, J COMPUT CHEM [51] 10.1002/jcc.21816 1031 85.92
HUANG CW, 2019, IEEE T WIREL COMMUN [52] 10.1109/TWC.2019.2922609 1016 254.00

ZENG Y, 2017, IEEE T WIREL COMMUN [53] 10.1109/TWC.2017.2688328 958 159.67
NIELSEN CB, 2015, ACCOUNTS CHEM RES [54] 10.1021/acs.accounts.5b00199 952 119.00

TAO XY, 2016, NAT COMMUN [55] 10.1038/ncomms11203 923 131.86
ALECU IM, 2010, J CHEM THEORY COMPUT [56] 10.1021/ct100326h 920 70.77

SHIMONI-LIVNY L, 1998, INORG CHEM [57] 10.1021/ic970909r 847 33.88
SUN DQ, 2010, PROC CVPR IEEE [58] 10.1109/CVPR.2010.5539939 833 64.08

SCHWARTZ BJ, 2003, ANNU REV PHYS CHEM [59] 10.1146/annurev.physchem.54.011002.103811 812 40.60
CANUTESCU AA, 2003, PROTEIN SCI [60] 10.1110/ps.03154503 804 40.20

ZHANG HJ, 2009, J MATER CHEM [61] 10.1039/b821991e 782 55.86
BURGARD AP, 2003, BIOTECHNOL BIOENG [62] 10.1002/bit.10803 772 38.60

TIE SF, 2013, RENEW SUST ENERG REV [63] 10.1016/j.rser.2012.11.077 751 75.10
OGANOV AR, 2011, ACCOUNTS CHEM RES [64] 10.1021/ar1001318 739 61.58

MALIK A, 2004, ENVIRON INT [65] 10.1016/j.envint.2003.08.001 722 38.00
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Supercapacitors represent a possible alternative way to fulfill the growing power
demands of portable electronic gadgets, in particular, and energy storage systems in
general. Because the energy storage mechanism is straightforward charge separation,
supercapacitors can stock and transfer energy at comparatively high levels. The huge
improvements in capacitance-attained supercapacitors work as a result of a combination
of an exceedingly tiny distance between the opposing charges, by way of highly porous
electrodes with a very large surface area and specified electric double-layer. Because of
their unusually low cost, relatively high electrical conductivity, and high surface areas, a
number of porous forms of carbon are now used as electrode materials. The power and
energy-storage capacity of these items are inextricably linked to the chemical and physical
features of the carbon electrodes [43].

It is demonstrated in this paper that using a high-level QM-based energy surface
directly for the peptide backbone typically provides better agreement with experimental
distributions than using the CHARMM22 force field [44].

Whereas docking and scoring rely on numerous approximations, their use during lead
optimization, frequently in conjunction with other numerical algorithms, already extends
more conventional methods to structure-based design [45].

Based on the particle swarm optimization approach utilized in the CALYPSO algo-
rithm, they developed a complete framework for crystal structure prediction [46]. In
complicated systems, their technique efficiently searched atomic arrangement for the free-
energy space and ground-state of a solid’s lattice shape and metastable structures. The
fundamental features in terms of the projected strategy are the PSO algorithm, the review ab
initio structural optimization that is density-functional and theory-based, the geometrical
structure parameter technique for eliminating comparable structures, and the symmetry
constraint on structural creation. They developed a variable cell-size approach that allows
for the intelligent selection of appropriate cell sizes, considerably lowering computing costs.
This approach has been implemented successfully to a variety of conventional experimental
structures on binary, ternary, and elemental compounds with covalent, ionic, and metallic
bonds but not restricted to these.

Figure 11 illustrates the most prominent author keywords. The majority of the key-
words are linked to optimization (1862), energy efficiency (692), and renewable energy
(405). Author keywords demonstrated comparable research tendencies overall; the key-
words highlighted the concentration of energy-related studies. As shown, author keywords
focused energy sources, methods, and techniques, such as “renewable energy”, “solar
energy”, “particle swarm optimization”, “machine learning”, etc.

Another intriguing factor to explore is the annual increase in the top ten keywords.
Overall, every keyword climbed year after year, demonstrating the continued and steady
expansion of energy optimization, the trend of which from 2014 to 2023 is clearly depicted in
Figure 12. The facts show that “Optimization” has maintained the most common occurrence
during the last decade. Since 2015, the second most common occurrence has been “Design”,
with a substantial increase in the curve. “Performance” has gone up significantly since
2017, and it will be the third most popular term in 2023. Although “Design” has shown a
considerable growth since 2014, it is expected to keep growing in the future.

A thematic map visualizes four different typologies of themes constructed on two
dimensions, namely centrality and density. The motor themes, localized in upper-right
quarter, have clusters that are important and well developed in energy optimization. Clus-
ter 1 contains “Renewable energy” and “energy storage”, whereas Cluster 2 includes
“energy efficiency”, “energy consumption”, and “energy harvesting”. Cluster 1’s posi-
tion demonstrates the greatest density among these terms, as well as its above-average
significance, as shown in Figure 13.



Energies 2023, 16, 158 15 of 22

Energies 2023, 16, x FOR PEER REVIEW 15 of 22 
 

 

energy space and ground-state of a solid’s lattice shape and metastable structures. The 

fundamental features in terms of the projected strategy are the PSO algorithm, the review 

ab initio structural optimization that is density-functional and theory-based, the geomet-

rical structure parameter technique for eliminating comparable structures, and the sym-

metry constraint on structural creation. They developed a variable cell-size approach that 

allows for the intelligent selection of appropriate cell sizes, considerably lowering com-

puting costs. This approach has been implemented successfully to a variety of conven-

tional experimental structures on binary, ternary, and elemental compounds with cova-

lent, ionic, and metallic bonds but not restricted to these. 

Figure 11 illustrates the most prominent author keywords. The majority of the key-

words are linked to optimization (1862), energy efficiency (692), and renewable energy 

(405). Author keywords demonstrated comparable research tendencies overall; the key-

words highlighted the concentration of energy-related studies. As shown, author key-

words focused energy sources, methods, and techniques, such as “renewable energy”, 

“solar energy”, “particle swarm optimization”, “machine learning”, etc. 

 

Figure 11. Most relevant keywords. Data obtained from Web of Science. 

Another intriguing factor to explore is the annual increase in the top ten keywords. 

Overall, every keyword climbed year after year, demonstrating the continued and steady 

expansion of energy optimization, the trend of which from 2014 to 2023 is clearly depicted 

in Figure 12. The facts show that “Optimization” has maintained the most common occur-

rence during the last decade. Since 2015, the second most common occurrence has been 

“Design”, with a substantial increase in the curve. “Performance” has gone up signifi-

cantly since 2017, and it will be the third most popular term in 2023. Although “Design” 

has shown a considerable growth since 2014, it is expected to keep growing in the future. 

Figure 11. Most relevant keywords. Data obtained from Web of Science.
Energies 2023, 16, x FOR PEER REVIEW 16 of 22 
 

 

 

Figure 12. Growth of the top 10 keywords. 

A thematic map visualizes four different typologies of themes constructed on two 

dimensions, namely centrality and density. The motor themes, localized in upper-right 

quarter, have clusters that are important and well developed in energy optimization. 

Cluster 1 contains “Renewable energy” and “energy storage”, whereas Cluster 2 includes 

“energy efficiency”, “energy consumption”, and “energy harvesting”. Cluster 1’s position 

demonstrates the greatest density among these terms, as well as its above-average signif-

icance, as shown in Figure 13. 

 

 

Figure 13. Thematic map of keywords. 

Figure 12. Growth of the top 10 keywords.



Energies 2023, 16, 158 16 of 22

Energies 2023, 16, x FOR PEER REVIEW 16 of 22 
 

 

 

Figure 12. Growth of the top 10 keywords. 

A thematic map visualizes four different typologies of themes constructed on two 

dimensions, namely centrality and density. The motor themes, localized in upper-right 

quarter, have clusters that are important and well developed in energy optimization. 

Cluster 1 contains “Renewable energy” and “energy storage”, whereas Cluster 2 includes 

“energy efficiency”, “energy consumption”, and “energy harvesting”. Cluster 1’s position 

demonstrates the greatest density among these terms, as well as its above-average signif-

icance, as shown in Figure 13. 

 

 

Figure 13. Thematic map of keywords. Figure 13. Thematic map of keywords.

The niche themes quadrant in the upper-left quarter contains clusters that are well
developed but not critical to the field. Cluster 1 comprises “multi-objective optimization”,
“energy”, and “solar energy” from this quadrant.

Clusters with lower centrality and density in energy optimization may be not seen
in the bottom-left quadrant labeled developing or decreasing topics. Furthermore, the
lower-right quadrant, labeled fundamental themes, contains clusters that are important for
the domain but are underdeveloped or clusters that are domain basis.

Figure 14 shows a Sankey diagram created to evaluate the theme progression. A
Sankey diagram is used to showcase how several topics are related and have progressed
earlier. Each box on the map represents the size of the boxes and the theme is proportionate
to the frequency with which the topic occurs. The flows link each box, displaying the
theme’s evolution traces; the greater connection between the two subjects, the thicker the
connecting line. Analysts can easily determine the most prominent contributions, since
each flow has a varying height depending on its quantity. Overall, it can be seen that as
time passes, optimization subjects become increasingly widespread, most likely due to the
rising attraction of scientists from many professions.

It is worth noting that the term “Optimization” originally originated between 1990–2010,
was further refined during the next ten years, and has remained popular. Furthermore,
between 2015 and 2023, this was the most popular topic.

China published the most articles (11,031 documents), followed by the United States
of America with 7506 documents, Germany (3212), and India (2887), which contributed
far fewer papers, as compared to the USA and China. Thus, these two countries together
produced about 74 per cent of the total output. Canada, United Kingdom, Italy, France, and
Spain were among the other countries of origin (Figure 15).

The output pattern indicates a highly skewed distribution of research production,
since the output of the other countries not represented in Figure 16 ranged from 1 to 100
publications in total. The most mentioned nations are the United States (103,310 citations),
China (84,614), Italy (36,155), United Kingdom (30,830), and Germany (27,748). Iran (21,748),
India (18,087), France (17,728), Spain (15,410), and Australia (12,430) were among the other
nations represented (Figure 16).
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Noting that an issue, in order to be credited to a nation’s scientific production, needs
at least one of the authors to be affiliated with an educational and/or research institution
of that country, tells us that it is conceivable that the same scientific article is accounted
for in more than one country; furthermore, in this study it is possible to see that there are
documents that are common to numerous writers, which suggests that the same scientific
document may be accounted for in more than one country.

4. Limitations of Analysis

This study has certain shortcomings that might be used as a starting point for further
research. These limitations originate from the fact that it is dependent on quantitative
analysis, and hence qualitative factors are ignored. Similarly, the study only looked at
scientific publications from the WOS database; utilizing other databases, such as the Scopus,
google scholar, Pro-Quest and PubMed databases, may yield somewhat different findings.
Future research areas should also combine then compare the other databases not examined
in this study to determine the veracity of the present findings.

5. Conclusions

The top ten authors who have engaged and published the most on the topic of energy
optimization in its many aspects, as well as the primary sources of publishing and the
associated citations, were identified. According to the analysis, it is from 2014 onwards
that this topic begins to gain attention, with the number of publications progressively
increasing over the previous few years. Assuming that the energy optimization topic is
increasingly significant, papers published in top journals are the main vehicles sought by
authors to communicate their work. The countries where these documents come from were
also identified, demonstrating great interaction between the researchers and the origins
of the work developed and the increasing research that has already been developed in
energy optimization. The present investigation is of particular theoretical and practical
importance because it contributes to a better understanding not only of the main work
that has been developed in the area of energy optimization but also of the main sources
of publication in the area, either in terms of countries or in terms of the main journals,
and especially of the main authors who have been devolved. Given the considerable
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engagement that researchers of various nationalities have with each other, this work is also
an important contribution to reflecting on collaborative development to be established,
leading to improved levels of competitiveness and growth for the concerned institutions
and nations.

Indeed, it is congruent with a recent bibliometric study in energy optimization that
although there is a rising rate of interest in energy optimization research, industrialized
nations provide over 90% of the production. Immediate focus should be placed outside
traditional university research institutes to expanding the density of energy optimiza-
tion research. This means that a structured research financing scheme is required. This
will help to accelerate the advancement of energy optimization research, particularly in
developing nations.

Remarkably, there has been an expanding pattern of growth over the last decades
in the energy optimization study domain produced by experts from underdeveloped
countries. As a result, energy optimization experts anticipate a favorable response. They
must respond to energy optimization initiatives in order to pique interest, build expertise,
and encourage empirical investigations in this field, particularly in developing nations.

This study’s conclusions are based on a list of key publications, papers, and empirically
confirmed writers who shape the discourse of this subject. Our findings can be useful to
researchers working in this sector. Furthermore, the discoveries of prominent academics
and substantial materials gathered give opportunities for access points, particularly for
fresh researchers. Furthermore, this research aids in the acceleration of discoveries on major
conceptual issues and empirical research.

Finally, this study has bolstered the rising acknowledgment of the need of energy effi-
ciency in attaining global sustainable development. It is clear that the obvious development
trajectory of energy optimization research and its cross-disciplinary research are related to
the dependability and quality of researchers working in this study issue.
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