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ABSTRACT

Thermal energy storage (TES) systems play a pivotal role in the efficient integration of renewable energy sources
into the global energy landscape. This bibliometric analysis delves into the evolving research landscape of TES
systems, focusing on nearly 19000 scientific papers from the Scopus database as the primary source to identify
key research trends, influential authors, and leading institutions shaping the field between 2000 and 2023. The
analysis reveals a substantial surge in TES research over the past two decades due to factors such as advancing
technology and increasing incentives. China has emerged as a global leader in this domain, followed closely by
the United States and India. Xi'an Jiaotong University, De Lleida University, and Tsinghua University are the
most prolific institutions in this field. The Journal of Energy Storage is the most frequently paper-published,
followed by Applied Thermal Engineering and Applied Energy. Key research themes identified include the
development, design, and optimization of heat storage systems, TES system integration with renewable energy
sources, and the exploration of phase change materials for efficient energy storage. The analysis also highlights
the contributions of prominent researchers in the field. Cabeza LF, Li Y, and Wang Y are identified as the most
prolific authors, having made significant contributions to the advancement of TES technology. The increasing
demand for sustainable and efficient energy solutions has spurred significant interest in TES systems. As the
world transitions towards a low-carbon future, TES systems offer a promising solution for storing excess
renewable energy and ensuring a reliable and sustainable energy supply.
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Termal Enerji Depolamada Trendler ve Temalar: Bibliyometrik Bir

Calisma
oz

Termal enerji depolama (TES) sistemleri, yenilenebilir enerji kaynaklarmm kiiresel enerji sistemine verimli bir
sekilde entegre edilmesinde énemli bir rol oynamaktadir. Bu bibliyometrik analiz, 2000 ile 2023 yillar1 arasinda
TES sistemleri lizerine sekillenen arastirma egilimlerini, etkili yazarlar1 ve alandaki 6nde gelen kurumlari
belirlemek amaciyla Scopus veri tabanindaki yaklasik 19.000 bilimsel makaleyi incelemektedir. Analiz, son
yirmi yilda gelisen teknoloji ve artan tesvikler gibi nedenlerden dolayr TES arastirmalarinda 6nemli bir artig
oldugunu ortaya koymaktadir. Bu alanda, Cin kiiresel bir lider olarak 6ne ¢ikarken, onu Amerika Birlesik
Devletleri ve Hindistan takip etmektedir. Xi'an Jiaotong Universitesi, De Lleida Universitesi ve Tsinghua
Universitesi, bu alandaki en iiretken kurumlar olarak éne ¢ikmaktadir. Journal of Energy Storage, bu konuda en
fazla makalenin yayimlandigi dergi olurken, onu Applied Thermal Engineering ve Applied Energy dergileri
takip etmektedir. Ana arastirma temalar1 arasinda 1s1 depolama sistemlerinin gelistirilmesi, tasarimi ve
optimizasyonu; TES sistemlerinin yenilenebilir enerji kaynaklariyla entegrasyonu; ve verimli enerji depolamasi
i¢in faz degisim malzemelerinin arastirilmasi yer almaktadir. Analiz ayrica, alandaki énde gelen arastirmacilarin
katkilarin1 da vurgulamaktadir. Cabeza LF, Li Y ve Wang Y, TES teknolojisinin ilerlemesine énemli katkilar
saglayan en Uretken yazarlar olarak 6ne ¢ikmaktadir. Siirdiiriilebilir ve verimli enerji ¢oztimlerine olan artan
talep, TES sistemlerine olan ilgiyi énemli 6l¢iide artirmistir. Diinya diisiik karbonlu bir gelecege dogru ilerlerken,
TES sistemleri, fazla yenilenebilir enerjinin depolanmasi ve giivenilir, siirdiiriilebilir bir enerji arzinin saglanmasi
igin umut verici bir ¢6ziim sunmaktadir.

Anahtar Kelimeler: Bibliyometrik analiz, scopus, termal enerji depolama

1 Introduction

Due to developing technology and increasing needs, we are becoming increasingly dependent on energy today. A
large portion of the energy used, although it varies by geography, is obtained from fossil-based energy sources. Due
to the decrease in known fossil resources and environmental restrictions, not every energy source can be used
everywhere. In addition, energy supply is a major problem in places that are out of the grid or have no access to the
grid. One of the solutions offered to such problems is energy storage systems. The operating logic of energy storage
systems is to store the production difference in cases where excess energy emerges or when operating at lower loads
than efficient working conditions and then use it where or when it is needed. Thus, it is possible to provide reliable
and sustainable energy. In this context, energy can be stored as mechanical, chemical, electrical, electrochemical and
thermal energy. The energy stored with these methods can be used as electricity or heat when needed (Dincer &
Ezan, 2022).

Sensible, latent, and thermochemical systems are the commonly used mainly Thermal energy storage (TES) systems
whose selection depends on some variables such as using period, storage period, and economics (Dincer, 2002). Peak
load shifting, increased energy economy, integrating renewable energy sources, increased system reliability, and less
environmental impact are just a few of the many benefits that TES provides. From an economic perspective, TES
systems have a great deal of promise for increasing the effectiveness of thermal energy equipment and facilitating
widespread energy substitution (Dincer & Ezan, 2018). The validity of thermodynamic principles, the importance of
temperature differences, the relationship between heat and work, cyclic processes, and principles such as
conservation of energy form the basis of thermal energy conversion and are important for understanding how systems
work. These principles can be applied in many areas from machine design to energy efficiency evaluation. Thermal
energy conversion is the process of converting naturally occurring energy flows into usable forms based on
temperature differences. This process usually occurs via a heat engine and involves doing work by directing heat
flows originating from temperature gradients (Dincer & Rosen, 2021).

There have been many studies in different fields using the bibliometric analysis method. A general literature summary
is given below to show both the different areas of use of bibliometric analysis and especially the studies related to
energy storage systems. As mentioned above, analyses related to almost every academic field with data can be made
with the bibliometric analysis method. For example, using Scopus data, the changes in the subject headings of the
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articles in the database over the years were examined (Al-Khoury et al., 2022), the studies published in the field of
maritime English in a 40-year period were examined (Li et al., 2023), the studies related to both the physical and
mental health of seafarers were examined (Masalaci, 2024), the studies related to Workloads in the Maritime Sector
were examined (Arslan & Paker, 2023), the studies in the Scopus database related to steam turbines, which have an
important place in energy production, were examined (Karakurt et al., 2022), the data of the 100 most cited studies
in the field of hydrogen energy worldwide were examined (Bashan & Ust, 2022), the research conducted by
researchers in this field in the 30-year period from 1992 to 2022 related to hydrogen energy and storage. There are
studies examining the contributions of the authors, institutions and countries worldwide in the field of ocean
engineering between 1989 and 2021 (Gunes, 2021). In addition to these, there are studies examining the studies on
the intelligent control of TES systems (Tarragona et al., 2020), examining the studies conducted with latent TES
between 2000-2019 (Mustapha et al., 2021), examining the studies conducted on sand-based TES systems (Odoi-
Yorke et al., 2024), and examining the studies conducted on TES systems proposed for Renewable energy
communities (Brunelli et al., 2024). However , what is shared here is a very small part in terms of both scope and
guantity. In this study, the studies conducted between 2000-2023 related to TES systems in general will be examined
and a projection will be provided regarding the development of the process and its future course.

2 Modeling

Bibliometric analyses are statistical tools that provide information about the course of academic studies prepared on
a subject, in a publication or in a publication type (Donthu et al., 2021). In the light of this information, it is possible
to access information such as which individuals, institutions and countries stand out, which terms and subject
headings are used over the years, and which publications are more effective.

In this study, statistical data belonging to nearly 19000 articles for the “Thermal Energy Storage” subject title in the
Scopus database (Scopus, 2024) related to TES systems between the years 2000-2023 were processed using
Bibliometrix and MS Excel programs and the results were shared. Since bibliometric analyses are qualitative research
tools, no clear mathematical model exists. Instead, the processing steps of data obtained from the database are
generally shared, as in the example of Bibliometrix an R tool for science mapping (Aria & Cuccurullo, 2017). Three
main steps (data collection, data analysis, and data visualization) in the system are shown in Figure 1.

Pt

*Data loading * Mapping (Network, Semantic, Factorial, etc.)
« Historiograph

« Descriptive Analysis « Dendrogram

« Document & Attribute matrix creation

« Data reduction

« Network matrix creation

*Data converting

Visualization

Figure 1: Data processes in the Bibliometrix (Aria & Cuccurullo, 2017)
3 Analysis and Evaluation

According to Scopus data, graphs related to the distribution of studies according to their types, subjects, keywords
used in the studies, countries, institutions and journals, and the number of studies and citations were shared. In the
biometric analysis, the TES part covers the years 2000-2023, and the number of data obtained without specifying the
type of study was determined as 18322. Then, without any restriction in terms of the type of study examined, the
number of studies to be investigated was calculated as stated by only restricting the year, and the types of these
studies are indicated as percentages in Figure 2. 70% of the studies written are articles, and this number is determined
as 12788 in total. The number of conference papers, which constitute 20% of the studies, is determined as 3704.
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Figure 2: Types of publications on TES systems between 2000-2023.

Figure 3 displays the statistics when the data is assessed in terms of subjects. With almost half of the papers, energy
and engineering are the most prevalent fields, suggesting that thermal energy storage technology application is a
major area of interest. A sizeable portion (10%) goes to materials science, which highlights the significance of
creating new materials for effective thermal energy storage. Together, chemical engineering, chemistry, and physics
make up 20%, emphasizing the importance of basic knowledge in improving thermal energy storage systems. 10%
comes from the environmental and earth sciences, most likely as a result of research into sustainable energy storage
methods and natural materials. The remaining 8% is made up of math, computer science, and other subjects,
indicating areas for more multidisciplinary study in thermal energy storage.

H Energy M Engineering B Material Science
H Physics and Astronomy H Environmental Science Chemical Eng.

W Chemistry W Maths H Others

B Computer Science M Earth Science

Figure 3: Distribution of studies on TES systems by area between 2000-2023.

Figure 4 shows the citation numbers of the 10 countries with the highest humber of citations. As a result of the
research on TES, the citations created were created by many countries and China came first with 125834 citations.
China took its place at the top of the list with a clear difference compared to the other countries on the list and due to
its high population density. China is followed by the United States with 37872 citations. With these values, it can be
said that they have a level of citation numbers that can be considered proportional to their population. However,
Spain is in third place on the list with a high rate of 29772 articles. In addition to these countries, Turkey is at a very
good level in terms of the number of citations compared to its population values; the total number of citations was
calculated as 20210 in total for the years 2000-2023 and is in 6th place in the list.

Figure 4 also shows the number of studies written by 10 countries on TES between 2000-2023. The country that has
written the most studies on this subject is China with 5075. China is followed by the United States with 2355 studies
and India with 1771 studies. Turkey ranks 10th in the ranking with 659 studies.
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Figure 4: Number of articles and citations written in the field of TES systems by country.

The number of studies written by scientists conducting research on TES systems are given in Figure 5. In this table,
the expression indicated by SCP shows the number of studies written by scientists of the country as singular without
scientists from other countries, while the expression MCP shows the number of studies written by scientists of the
specified country together with scientists from other countries. China ranks first and there are 3742 studies in this
ranking. 3069 of these are singular and 673 are multiple studies. Here, the MCP rate, that is, the ratio of studies
written multiple to the total studies written on behalf of the country, is calculated as 17.99%.

According to the values understood from here, countries other than China have written a total of 3266 studies and
this can be easily understood from the graph. India follows China which consists of 956 studies written singularly
and 163 studies written multiple . Here, the MCP rate is calculated as 14.57%. The United States is ranked third with
861 single studies and 170 multiple studies written, the MCP rate was calculated as 16.49%. Turkey ranked 8th in
the ranking. With 310 single studies and 103 multiple studies written, it has a 24.94% MCP rate.
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Figure 5: Number of single and multiple articles written by countries on TES systems.

The study numbers of the top 5 countries with the most studies on TES systems are given in Figure 6, depending on
the annual increase rate. It can be figured out the exponential characteristics of curves very clearly, especially the last
ten years. The general pattern is encouraging for all countries, suggesting that interest in thermal energy storage
research is rising internationally. The growing need for effective and sustainable energy solutions is probably what's
causing this.
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Figure 6: Annual study numbers of the top 5 countries with the most studies on TES systems.

Figure 7 visually represents the global landscape of research activity in TES systems. The color intensity of each
country reflects the level of research output, with darker shades indicating higher activity. China stands out as a clear
leader in TES research. Its dark blue color highlights its significant contribution to the field. This is likely due to
China's strong focus on renewable energy integration and its large-scale energy infrastructure projects. The United
States shows substantial research activity, particularly in areas like solar thermal energy storage and building-
integrated TES systems. Several European countries have active research communities in TES. India and South Korea
also exhibit significant research efforts, driven by their growing energy demands and renewable energy initiatives.

4

Figure 7: Geographic distribution of research on TES systems.

In the evaluation of TES analysis as an author are shown in Figure 8 as shown. Cabeza LF ranks first with 307 studies.
Cabela LF is followed by Li Y with 275 studies in the second place. Wang Y is in the third place with 263 studies.
The H index is based on the most cited articles of a scientist and the number of citations received in other publications.
According to the table given in the studies written about TES, Cabeza LF has the highest H index of 70. Another
person with a high H index on this subject, Sar1 A, has an index of 59.
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Figure 8: Number of authors’ studies on TES systems.

Authors who created studies on TES generally started to create products after 2014. Cabeza LF, who created the most
studies, created the most studies in 2016. Cabeza LF created 40 studies in 2016. Li Y, who is second in the number
of studies, created an average of 20 studies every year between 2016 and 2020. Li Y, on the other hand, increased
the number of articles he wrote after 2020. These values are as shown in Figure 9 .
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Figure 9: Number of studies conducted by authors on TES systems over the years.

After classifying the citation numbers on a country basis, the classification on an academic basis was also examined.
Here, Sharma A. is in the first place with 4432 citations, followed by Zalba B. with 3913 citations. Chen C. is in the
third place with 2842 citations. The graph showing the first 10 people on this list is shown in Figure 10.
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Figure 10: Analysis of the references written on TES systems by authors.
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In addition to the extensive research conducted by certain universities on TES, many universities have begun to
conduct extensive research on systems that can store energy in the future. Research on TES was first started in 1964,
but the first article written on this subject was published by Tsinghua University in 1999. Figure 11 shows the number
of studies by year for the top 5 universities that have conducted the most research and have the most studies. The
university that conducts the most research is Xi'an Jiaotong University. This university, which has a total of 315
studies, is located in China. Then comes De Lleida University which took the second place on the list with 267
studies. Tsinghua University is in the third place on the list. It managed to write its name on the list of universities
that are quite ambitious in this regard with 243 studies written. In Figure 11, the number of articles for a total of 10
universities is compared and given in a graphic form. In Turkey, as mentioned, Karadeniz Technical University is
the university that has written the most articles on this subject. The number of studies is 112 and it has taken the 17th
place in the world in terms of research conducted on this subject.
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Figure 11: Analysis of universities publishing articles on TES systems by year.

Figure 12 shows the number of studies written on certain topics. In the table given for the TES section, there has been
an increase in creating studies on solar energy materials and solar batteries, especially after 2012. 632 studies were
written about energy storage, especially in 2022. When we look at the table given, the study creation situation has
increased in the topics taken as basis after 2012.
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Figure 12: Number of studies on TES systems by specific topics.

Figure 13 shows a map of words used together in articles. Heat storage, thermal energy and phase change materials
are the most commonly used word groups together. Since the words used in the research on TES do not differ much
in general, this event gave us the need to make a graph and subsequently, these words were included in the literature
in this way. The concept of “Heat Storage” took its place at the top of the list and when the change in the frequency
of the word used over the years was examined, it was used 13268 times (15%) in 2023 alone and took its place at the
top of the list. Following this group of words, the concept of “Thermal Energy”, which was written 8607 times (10%),
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is in second place on the list, followed by the concept of “Phase Change Materials”, which is used 6938 times (8%),
in third place. These words are only in the first three places of the list, and are used with increasing numbers every
year, without exception.
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Figure 13: Words used together in the article type written for TES systems.

4  Conclusions

This bibliometric analysis provides a comprehensive overview of the research landscape of Thermal Energy Storage
(TES) systems over the past two decades with using almost 19000 studies. The increasing global demand for
sustainable and efficient energy solutions has driven significant growth in TES research. The escalating demand for
renewable energy sources and efficient energy storage solutions, coupled with advancements in materials science
enabling the development of advanced thermal energy storage technologies, has spurred significant growth in
research and development activities in this field. Consequently, a notable increase in both the quantity and quality of
publications in recent years has been observed. A notable surge in TES research, particularly in thermal energy
storage and phase change materials, has been observed. China has emerged as a leading nation in TES research,
followed by the United States and India. Xi'an Jiaotong University, De Lleida University, and Tsinghua University
are the most popular three centers in terms of the number of publicaitons. The Journal of Energy Storage is the most-
published journal, which has been aggressively increasing in the last 5 years, and then Applied Thermal Engineering
and Applied Energy journals have come. In order to develop thermal energy storage solutions, engineers, materials
scientists, chemists, physicists, environmental scientists, and computer scientists must work together, as evidenced
by the wide range of disciplines involved. By understanding the current state-of-the-art and future trends in TES
research, researchers and policymakers can make informed decisions to accelerate the deployment of TES
technologies and contribute to a more sustainable energy future.
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