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Abstract- Strategies to avoid the variability effects in energy resources have become an essential study field. In order to avoid
electricity shortages, particular types of power plants employ power storage or have two or more sources, the so-called hybrid
plant. This article combines bibliometric analysis and literature mapping aiming to assist researchers in understanding the
trend, structure, and latest development in research focused on hybrid energy systems. It was analyzed 7,183 scientific
publications indexed in the Scopus and Web of Science databases. The mapping performed presents the critical aspects
through publications, journals, authors, institutional affiliations, and geographic diversity of countries that collaborate in
publications in the study's research line. The most relevant keywords, their conceptual construction, and the research's thematic
evolution were analyzed to identify what evolved and how the research flows evolved. Through the bibliographic map, it was
possible to identify a rapid increase in the number of publications, and this context explains the importance of hybrid energy
systems by the academic community. The evidence is that the newest research has been evolving towards greater efficiency
and optimization of energy production in hybrid systems.
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1. Introduction energy sources such as solar and wind [5], [10]-[13], solar

and geothermal [14]-[16], fuel cell and gas turbine [17]-

Authors should any word processing software that is The
continuous increase in world population and negative
environmental impacts directs attention to alternative
renewable energy sources. However, the intermittent nature
of renewable energy can lead to problems of variability in
demand-supply. Therefore, strategies to avoid variability in
these resources have become an important field of study [1]-
[4]. Particular types of power plants are built to avoid power
shortages and use all available energy. There are at least two
ways to achieve this goal: electrical energy storage or power
plants with two or more sources, which are called hybrid
plants [5], [6].

The hybrid approach serves different purposes, such as
biomass solar thermal systems [7]-[9]. In addition,
hybridization can also refer to the combination of renewable

[19], and solar-coal [20]-[22]. Seminal studies in the area of
hybrid energy systems proposed innovative solutions at the
time of their publications, such as Wang and Nehrir [23],
which projected an alternative wind energy hybrid system
with photovoltaic and fuel cells for autonomous applications,
followed by Li, Hui and Lai [24], which presented the results
of simulation analysis of a hybrid wind, photovoltaic, and
battery power system performed to improve the smoothing
performance of hybrid power generation. Many of these
solutions are seen in practice over the years, showing that
scientific publications are at the frontier of knowledge.

Based on this context, this study combines two
approaches: bibliometric analysis and literature mapping.
Bibliometric analysis or performance analysis aims to
evaluate the study of countries, universities, researchers and
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the impact of activities based on bibliographic data [25]. On
the other hand, literature mapping or scientific mapping
provides scientific research's structural and dynamic aspects
[26]. Compared to other literature review methods, such as
narrative and systematic literature reviews, bibliometric
analysis is a methodical and reproducible process that
reduces intrinsic subjectivity [27]. Furthermore, the method
maps the overview of a given area based on indicators [28].
Moreover, by organizing the data available in the databases,
it is possible to transform it into understandable information
to help expand knowledge in a given study area about
articles, journals, authors, institutions, and countries [29],
[30].

In the literature, some studies provided an overview
through bibliometric analysis or literature mapping. Thus, it
is possible to highlight some areas and studies such as
management [31]-[33], statistics [34]-[36], environmental
and ecological economics [37]-[39], energy emissions [40]-
[42], mapping global trends in research on energy poverty
[43]-[45] and study on trends of future research on solar
energy management [46]-[48]. However, articles with an
overview of "hybrid energy systems" were not found. Some
authors study the energy efficiency analysis of a hybrid
system [49]-[51], potential evaluation and performance
evaluation of hybrid systems, such as the study of Wang et
al. [52] that evaluated the potential of hydro-photovoltaic-
wind systems on a large scale on a global scale, Ding et al.,
(2016) [53] analyzed large-scale photovoltaic integration in
China and the study of Guo and Sepanta [54] that evaluated
the performance of a new combined energy system to
produce electricity and hydrogen with an energy storage
option. Other studies such as Guo and Sepanta [54] also
analyzed a combined energy system with hybrid energy
systems and the storage option such as Lin; Wang;
Rezazadeh (2021) [55] who analyzed electrical energy
storage for a combined energy process based on solid oxide
fuel cell and waste heat use. Also, there is the study by Dong
et al. (2021)[56] who presents and investigates a new hybrid
energy system for energy production and storage, this hybrid
energy system is composed of a solar thermal collector,
Stirling engine, and thermoelectric generator.

Thus, to gain insight into the concentration of existing
research in the literature and identify potential areas to
explore about hybrid energy systems, the study aims to
answer the following questions: What are the bibliographic
characteristics of articles related to hybrid power systems?
What other topics are related to research on hybrid energy
systems? What are the leading journals and universities that
publish on hybrid energy systems?

As a result, this study makes it possible to identify the
main trends in scientific production in the analyzed study
area. It also allows viewing the countries that actively
collaborate with publications on the topic. In addition, it
contributes to the analysis of how the themes have evolved,
enabling the understanding of future perspectives related to
the theme.

This study has four sections. The second section presents
the method. The third section presents the results, including
the discussion and the main bibliographic indicators for

understanding the scientific production. Finally, the fourth
section concludes the study and directs readers to final
considerations and future research areas.

2. Method

Bibliometric methods have been used in the literature to
analyze publications. This type of analysis identifies
publications' broadest sense, focused on a particular thematic
area [57]. The goal is to transform something intangible
(scientific quality) into something manageable. Furthermore,
compared to peer review, which has a limited area of
investigation, bibliometric methods examine unlimited
amounts of publications [58].

Bibliometric analysis and literature mapping of research
on hybrid energy systems were carried out in June 2021,
using two databases: Scopus and Web of Science (WoS).
The terms used to search the titles, abstracts, and keywords
were: "hybrid power plant*," "hybrid energy system*,"
"hybrid power system*," “energy source integration*" and
"complementary energy system*." There was no restriction
on language and year of publication. Table 1 shows how the
search was performed in the databases.

Table 1. Description of searched databases and options

Investigation Process
Database Scopus Web of Science
Search Type Advanced search Advanced search
Search Acrticle title, abstract, Tonic
fields keywords P
"hybrid power plant*" |anht¥3rng9;’]V ebrri q
OR "hybrid energy pener S ster)r/1*"
system*" OR “hybrid OR “Eyb%/ d power
Search power system*” OR tym*” F())R
string ""energy source ..Sys ©
integration*" OR __enerdy source
» integration*" OR
complementary “complementary
F32
energy system energy system*”’
Stipulated | Every year until June Every year until
period 2021 June 2021
Document | Article, Conference Ar_tlcle,
. Proceedings Paper
type Paper e Review -
e Review

The analysis and mapping used the R software, an open-
source statistical application, particularly the "Bibliometrix"
package [59], to analyze the data obtained through research
queries in the Scopus and WoS databases. In addition, the
'‘Biblioshiny' extension was used to tabulate and visualize the
search results. This tool contributed to the analyzes carried
out, mainly with the bibliographic map of the topic of
interest. This makes it possible to understand the intellectual
and structural origins of literature over time [60]. The
following section presents the results and discussion of this
study.
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3. Results and discussion

This section presents the results obtained from the
analysis and mapping of literature. The search in the Scopus
resulted in 6,601 articles, and in the WoS, the result obtained
was 4,672 articles. By joining the databases, 3,985 duplicate
documents were removed, resulting in 7,183 articles. Annual
publications on hybrid plants increased throughout the year.
The result is in Figure 1.
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Figure 1. Annual scientific production.

The annual growth rate of scientific production on
hybrid plants is 12.47%. This growth may be related to
energy scarcity issues. There are at least two ways to control
scarcity: electrical energy storage or hybrid systems using
two (or more) energy generation sources to balance the
strengths and weaknesses of each [5]. Changes in scientific
production may also be related to the COVID-19 pandemic,
which significantly affects energy demand. While many
effects result from a rapidly changing economic situation,
other non-macroeconomic factors in the energy sector are
also changing. Since the first quarter of 2020, when cases of
COVID-19 spread globally and governments began
designing mitigation efforts to contain the pandemic,
responses to the pandemic have impacted global economic
activity [61]. Given the growth in publications, other results
permeate the leading newspapers and publications that
contribute to the theme, such as "hybrid energy systems", the
conceptual structure of literature, the research thematic
mapping, and the thematic evolution of research on "hybrid
energy systems".

3.1. Journals, Universities and Countries

This section features information on publications and
publication sites that contribute the most to research related
to hybrid energy systems. Citation impact analysis has been
used to assess research performance and can be applied at all
organizational levels such as author, institution,
country/region, the field of research, or journal [62]. Figure 2
contains the top fifteen journals that published the highest
number of articles on hybrid plants.

Figure 2. Most relevant sources.

Among the fifteen journals that published the most, the
ones that stood out, respectively, were Energy, Energies,
Energy Conversion and Management, International Journal
of Hydrogen Energy, and Renewable Energy. Based on the
number of global citations received, it was also possible to
identify the fifteen most impactful publications within the
theme addressed in this study. First, the article entitled Power
Management of a Stand-Alone Wind/Photovoltaic/Fuel Cell
Energy System is the most cited publication. This publication
is from Wang and Nehrir [23], published in IEEE
Transactions on Energy Conversion. Second is a more recent
article, titled Battery Energy Storage Station (BESS)-Based
Smoothing Control of Photovoltaic (PV) and Wind Power
Generation Fluctuations, by Li, Hui and Lai [24] published in
IEEE Transactions on Sustainable Energy.

In addition, the five universities that publish the most on
the subject were evaluated, in particular, the North China
Electric Power University, followed by the Islamic Azad
University, Department of Electrical Engineering, Tsinghua
University and National Institute of Technology. Regarding
the collaboration among countries, Figure 3 shows in blue
the existence of scientific production in each country. The
darker the blue, the more productive the country is in the
theme of hybrid plants. The red lines indicate the
collaborative networks of the publishing countries.

Countries that actively collaborate with others are China,
Canada, the USA, and South Africa. The map indicates that
there is strong collaboration between China and the USA.
China is one of the countries that most collaborate with
others, which may justify the highlight of the North China
Electric Power University among the five universities that
publish the most on the subject.

1591



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

Thomasi et al., Vol.12, No.3, September, 2022

Longituce

Latitude

Figure 3. Country collaboration map.

3.2. Conceptual Structure of Literature

Through the conceptual structure of the literature, it is
possible to discover the hidden and dynamic pattern of a
research field to identify the main themes addressed in the
literature [63]. Table 2 presents the twenty keywords most
used by the authors of the analyzed database, that is, the list
of terms that the authors believe best represent the content of
the article [64]. Thus, it is possible to identify research trends
in several scientific fields [65].

As expected, the four most recurring keywords are
"hybrid power systems", "hybrid systems" "hybrid energy
system" and "renewable energy". From these four main
keywords, other associated topics were observed, such as:
systems optimization, fuel cell, homer analysis, energy
management, microgrids, batteries and storage systems.

In addition to a return focused on hybrid plants, it also
focuses on renewable energy, emphasizing words or phrases
such as: "renewable energy sources" and "renewable
energies”. Using hybrid renewable energy systems helps to
reduce the carbon emitted by power plants. Another aspect
relates to climate change mitigation and global warming,
which provides better health for human beings and the
environment [66]. Among the terms presented there are also
solar energy and wind energy. This presence may be related
to the capacity to generate renewable energy, which
increased by 261 GW (+10.3%) in 2020, while solar energy
had an increase of 127 GW (+22%), followed by wind power
with 111 GW (+18%) [67]. Evidencing that hybrid energy
systems are more explored in conjunction with storage
systems and with solar and wind sources. This is also proven
when analyzing the literature, it is possible to find studies
that integrate solar and wind energy, such as Liao, Mathieson
and Finney, (2021) [68] which deals with a hybrid system of
photovoltaic solar energy, wind energy and fuel cell in ship
power systems. The results of this study show that the hybrid

energy system can reduce the emission of 151,467 kg of
CO2. Other studies discuss modeling, hybrid power system
techniques, and battery storage system sizing to smooth
power fluctuations of a hybrid system composed of
renewable energy such as solar and wind power [69], [70],
[11], [71], [72].

Table 2. Author’s keywords.

Terms Frequency
Hybrid Power System 705 12%
Renewable Energy 577 10%
Hybrid Energy System 538 9%
Hybrid Power Systems 519 9%
Optimization 378 6%
Fuel Cell 342 6%
Hybrid System 305 5%
Homer 252 4%
Photovoltaic 248 4%
Wind Energy 240 4%
Battery 234 4%
Hybrid Energy Systems 221 4%
Solar Energy 214 4%
Energy Management 211 4%
Wind 192 3%
Energy Storage 180 3%
Renewable Energy Sources 177 3%
Hybrid 174 3%
Wind Turbine 170 3%
Microgrid 151 3%

3.3. Thematic Mapping of Research on
Systems

Hybrid Energy

Thematic mapping enables the analysis of the themes
according to the quadrant in which they are inserted [73].
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The distribution of keyword groups is in Figure 4. The upper
right quadrant represents the motor themes, the lower right
quadrant represents the basic themes, the lower left quadrant
contains emerging or disappearing themes, and the upper left
quadrant indicates very specialized, niche themes [74].
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Figure 4. Clusters by documents coupling.

Figure 4 presents about four major areas. The upper right
quadrant representing the engine theme of a search area
shows the domain of the "wind power" theme, and
apparently, the "hybrid power systems" theme is also in this
quadrant. The theme "hybrid power systems" is also placed
in the upper left quadrant, representing very specialized
themes. It indicates that the theme represents essential and
critical research areas, presenting association with additional
research. In addition to the "hybrid power systems" theme,
the "renewable energy resources” theme is likewise located
in the top left quadrant. However, this theme is also
presented in the lower-left quadrant that represents emerging
or disappeared themes. It can be said that it is an emerging
theme in this specific case because it is in the quadrant of
specialized themes, niches with additional research. The
lower left quadrant also has the theme "hybrid systems,"
representing possibly an emerging theme, as it is a variation
of the word hybrid power systems.

It was noted again that renewable energy resources are
strongly related to hybrid energy systems. This case
highlights wind power as well. Wind expansion practically
doubled in 2020 (111 GW) compared to 2019 (59 GW) [67],
[75]. China introduced a new wind power capacity of 72.4
GW, followed by the United States (+14.2 GW). Ten other
countries increased their wind capacity by more than 1 GW
in 2020 [67]. Therefore, strategies to avoid or mitigate the
effects of the variability of energy resources are an essential
field of study, which justifies the fact that wind power is an
area in the thematic mapping of research on hybrid plants.

3.4. Thematic Mapping of Research on Hybrid Energy
Systems

In addition to verifying the general composition of the
research areas, it analyzed changes in themes in different
periods. Helps identify what and how research flows have
evolved [63]. A weighted inclusion index was used by the
occurrence of words in each cluster containing more than
250 keywords. Figure 5 illustrates a Sankey diagram [76],
[77] two periods, encompassing the development of the
research in these periods.

The analysis made it possible to verify the most recent
issues related to hybrid plants. In the first period (1968-
2016), the focus of the research was on the terms “hybrid
plants”. The term "hydrogen" did not receive prominence in
this period. One justification may be that it has lost favor
since the oil shocks of the 1970s. Thus, one can observe the
transition from the term “hydrogen” to “fuel cells”. Although
there is this transition, the two are not synonymous.
Hydrogen and fuel cells can be deployed in combination or
separately. When used together, hydrogen fuel cells have
zero-emission at the point of use, depending on the fuel
production method, as in the case of electricity [78].

In the second period (2017-2021), the predominance of
the term hybrid power plants was again verified, however,
together with other terms such as “optimization” and “fuel
cells”. The term "optimization" may be related to the
optimization of the use of the transmission system
(association or hybridization with the addition of a source to
take advantage of idle capacity in specific periods), along
with the adoption of hybridism. As a result, the expectation
is a reduction in variability of power injection into the
electrical network due to the complementarity of generation
between the sources [79].

Regarding the term' fuel cells', some studies such as that
by Brouwer [80] state that hybrid gas turbine systems with
fuel cells can significantly increase the efficiency of fuel-to-
electricity conversion and reduce greenhouse gas emissions.
Furthermore, another study claims that fuel cells are
experiencing a resurgence of interest due to the large-scale
production of fuel cell vehicles and homes being heated and
powered by fuel cells [78]. Consequently, it is possible to
observe that future research is around climate change and
emissions, considering the use of renewable energies and
optimization of energy systems to implement hybrid energy
plants.

1968-2018 L007-2021

D

Figure 5. Thematic evolution of research on hybrid
energy systems.

3.5. Conceptual Structure of Literature
The results of this study show the characteristics of the

articles published in the Scopus and WoS databases about
hybrid energy systems. Table 3 contains the analysis with the
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top results. It is possible to observe that researches related to
hybrid plants present an excellent consolidation in the
literature. The growth in publications reached a peak in 2019.
In 2006 there were 98 publications, and as of 2016, it is
possible to observe that the number of publications increased
significantly, reaching 549. The growth trend shows that the
accumulated number of publications reached 897 in 2019.
This demonstrates a tendency for research in this area of
hybrid plants to continue to grow in the coming years, which
can serve as a strategy to avoid or mitigate the effects of the
variability of energy resources. Furthermore, Tilahun et al.
[81] state that regardless of the measures taken by the
electricity sector to improve the efficiency of electricity
supply, the use of alternative local energy resources, such as
solar and biomass, for heat and energy cogeneration, can
help to reduce energy supply problems.

Regarding the number of articles per country, China is
the country with the most publicity on the subject and
concentrates most of the most productive institutions.
According to Pu and Yang [82], improving energy efficiency
is one of the main issues in China to decrease energy
consumption and achieve a carbon-neutral society.
Furthermore, to effectively reduce coal capacity, the Chinese
government has included a policy of cutting coal capacity
that should promote a revolution in energy supply [83].
These issues demonstrate China's concern with energy
efficiency, which may justify its position in ranking countries
that publish more on the subject.

The keywords analysis showed that terms such as hybrid
power systems and renewable energy resources direct the
focus of research to the topic. Energy consumption is
increasing, and there is an increased cost and the worsening
of the global environment, which creates greater interest in
green energy generation systems (renewable energy sources
and/or based on fuel cells) [23]. However, natural restrictions
allied to the stability of the electric network, the difficulty of
energy storage, and the relatively low benefits cause a series
of challenges in the development of renewable energies. In
contrast, fossil energy generation is relatively stable and
inexpensive, but it generates environmental pollution and
climate change. This creates a complementary relationship
between fossil energy generation and renewable energy
generation [84].

According to Wang and Nehrir [23], in their article
"Power Management of a Stand-Alone
Wind/Photovoltaic/Fuel Cell Energy System", presented as
the publication with the most citations related to the topic,
hybrid energy systems have a great potential to supply higher
quality power than a system based on a single resource. This
article presented 610 citations in the impact analysis.
However, the most productive authors are not the most cited.
Furthermore, it was observed that the most cited articles had
the main objectives of identifying control strategies, energy
management, and a search for improvements in energy
performance.

Table 3. Description of the characteristics of the articles dealing with the topic of hybrid energy systems

Analysis performed

Main results

Preliminary conclusions

Description
of the most cited scientific
productions

The most cited scientific productions are articles
that are primarily published in journals in the energy
area in the publishers IEEE and Elsevier

The main topics discussed in
scientific productions deal with
control strategies, energy
management, and energy performance
improvement

Number of publications

55% of the articles are research, 41% are conference

Research articles and conference

by type of 0 . paper present a more significant
document paper, and only 4% proceedings paper number than proceedings paper
Quantity of The theme was consolidated '_I'he theme is gon§olldated in the
. - . literature, but it still has a growth
articles per year of in literature after the year 2016 and reached its L di lated to th
Publication peak in 2019 perspective in studies related to the
area of interest
Quantity of China, India, and USA Different countries

articles by country

represent the most productive countries

have similar productivities related to
hybrid energy systems

Quz_mtlty of The University of China leads the ranking with China concentrates most of the most
articles by . : AR .
R more articles related to the subject productive institutions on the subject
institution

Keywords There is an evolution in research
most used The keywords show a relationship between hybrid | related to hybrid energy systems and
to represent power systems and renewable energy resources linked terms in order to improve the
the articles efficiency of the electricity supply
Quantity of The most productive authors are not

citations per article

The most cited article had 610 citations

necessarily the most cited

Most infrastructure in developing countries has grid-
connected systems, making it difficult for areas far from the
grid to access power supplies. Therefore, even with

improvements in power generation, countries like in Africa
continent continue to have poor access to electricity [85].
Access to energy is a challenge for the African continent,
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where more than 55% of the rural population does not have
access to electricity [86], [87]. A low-cost hybrid plant can
be a solution in these cases, and it can be built using various
wind optimization methodologies or even photovoltaic
generation and non-linear features of the hydroelectric plant.
Thus, it can be said that there are motivations for designing a
hybrid system, such as reducing peak load (load reduction),
providing energy security, and minimizing problems related
to uncertainty in renewable generation systems.

This article demonstrates how literature analysis and
mapping can be valuable tools for the business, government,
and academic communities as it presents an overview related
to hybrid energy systems. What contributes to the
identification of countries, researchers, and institutions at the
forefront of research in the area and thus serve as a reference
in improvement processes related to energy efficiency.

4. Conclusion

The results show a rapid increase in publications
concerning hybrid energy systems, and this context explains
the academic community's importance to the theme. China is
the top country in collaborative publications. There is strong
collaboration between China and the USA. North China
Electric Power University ranks first among universities that
publish the most on hybrid power systems. Moreover, in
terms of publication sources, "Energy" has been the most
productive journal in publishing research on the field of
study.

The main contribution of this article is the evidence that
hybrid systems are being more studied and associated with
two specific renewable energy sources: solar and wind. Both
sources are intermittent in nature. Storage systems and the
combination with non-intermittent sources, such as biomass,
should receive greater efforts from the academic community.
The evidence is that hybrid energy systems have already
been modeled and proposed in the older literature (1968-
2016). The newest research has been evolving towards
greater efficiency and optimization of energy production in
hybrid systems (2017-2021). Then, researchers are looking
for the evolution of these systems' technical and economic
feasibility. These viabilities will permit the diffusion in the
countries.

In addition, the electricity sector around the world is
transforming the bulk grid model into the distributed
generation and storage model. However, studies involving
the distributed generation of hybrid systems are not so
recurrent. Hybrid systems with storage reduce the need for a
network connection. However, in free energy markets, being
connected to the grid will allow the sale of this energy.
Therefore, inserting hybrid systems into profitable business
models is as important for their diffusion as their technical
capacity.

Thus, the analyses carried out in this research can help
researchers understand the trend, structure, and latest
development of research related to hybrid energy systems,
which contributes to gaining insight into the concentration of
existing research in the literature and enables the
identification of potential areas to explore. Future research

may be related to climate change and emissions, emphasizing
the use of renewable energies and optimization of energy
systems for the implementation of plants with
complementary sources.

Acknowledgements

The authors thank INCTGD, CAPES, CNPq and
FAPERGS for the financial support received for the
development of this work. Siluk was supported by a research
grant of CNPq — Brasil. The present work was carried out
with the support of the INCTGD and the financing agencies
(CNPg process 465640/2014-1, CAPES process No.
23038.000776/2017-54 and FAPERGS 17/2551-0000517-1).

References

[1] R. Antunes Campos, L. Rafael do Nascimento, and R.
Rither, “The complementary nature between wind and
photovoltaic generation in Brazil and the role of energy
storage in utility-scale hybrid power plants,” Energy
Convers. Manag., vol. 221, no. June, p. 113160, 2020.

[2] M. Longo, W. Yaici, and F. Foiadelli, “Hybrid
Renewable Energy System with  Storage for
Electrification - Case Study of Remote Northern
Community in Canada,” Int. J. Smart grid, vol. 3, no. 2,
2019.

[3] I. M. Opedare, T. M. Adekoya, and A. E. Longe,
“Optimal Sizing of Hybrid Renewable Energy System
for off-Grid Electrification: A Case Study of University
of Ibadan Abdusalam Abubakar Post Graduate Hall of
Residence,” Int. J. Smart grid, vol. 4, no. 4, 2020.

[4] B. Zafar, “Design of a Renewable hybrid photovoltaic-
Electrolyze-PEM/Fuel Cell System using Hydrogen
Gas,” Int. J. Smart grid, vol. 3, no. 4, 2019.

[5] 5. J. Paska, P. Biczel, and M. Ktos, “Hybrid power
systems - An effective way of utilising primary energy
sources,” Renew. Energy, vol. 34, no. 11, pp. 2414—
2421, 2009.

[6] P.C. Okonkwo et al., “Economic evaluation of hybrid
electrical systems for rural electrification: A case study
of a rural community in Nigeria,” Int. J. Green Energy,
vol. 00, no. 00, pp. 1-13, 2021.

[7] Z. Bai, Q. Liu, J. Lei, X. Wang, J. Sun, and H. Jin,
“Thermodynamic evaluation of a novel solar-biomass
hybrid power generation system,” Energy Convers.
Manag., vol. 142, pp. 296-306, 2017.

[8] F. Stift, M. Hartl, T. Ferhatbegovi¢, S. Aigenbauer, and
A. Simetzberger, “Model based optimization of a
combined biomass-solar thermal system,” Energy
Procedia, vol. 48, no. 0, pp. 681-688, 2014.

[9] T. Srinivas and B. V. Reddy, “Hybrid solar-biomass

1595



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

Thomasi et al,, Vol.12, No.3, September, 2022

power plant without energy storage,” Case Stud. Therm.
Eng., vol. 2, pp. 75-81, 2014.

[10] Z. Liao, R. Mathieson, and S. Finney, “Design and
Control of a Grid-Connected Hybrid Wind-Solar Energy
System with Adaptive Maximum Power Point
Tracking,” 2021 IEEE 22nd Work. Control Model.
Power Electron. COMPEL 2021, no. 2, 2021.

[11] D. B. Carvalho, E. C. Guardia, and J. W. Marangon
Lima, “Technical-economic analysis of the insertion of
PV power into a wind-solar hybrid system,” Sol. Energy,
vol. 191, no. June, pp. 530-539, 2019.

[12] E. L. Glaeser and P. Draft, “Study of a Hybrid System
Wind-Photovoltaic on grid for The Self-Supply of
Energy to an Area with Bioecological Infrastructure,”
pp. 264-272, 2012.

[13]R. Alkassem, M. Al Ahmadi, and A. Draou, “Modeling
and simulation analysis of a hybrid PV-wind renewable
energy sources for a micro-grid application,” 9th Int.
Conf. Smart Grid, icSmartGrid 2021, pp. 103-106,
2021.

[14] O. B. E. K. Mokrani, M. R. Ouahrani, M. H. Sellami,
and L. Segni, “Experimental investigations of hybrid:
geothermal water/solar chimney power plant,” Energy
Sources, Part A Recover. Util. Environ. Eff., vol. 00, no.
00, pp. 1-18, 2020.

[15] M. H. Khoshgoftar Manesh, S. A. Mousavi Rabeti, M.
Nourpour, and Z. Said, “Energy, exergy,
exergoeconomic, and exergoenvironmental analysis of
an innovative solar-geothermal-gas driven
polygeneration system for combined power, hydrogen,
hot water, and freshwater production,” Sustain. Energy
Technol. Assessments, vol. 51, no. November 2021,
2022.

[16] J. Song, Y. Wang, K. Wang, J. Wang, and C. N.
Markides, “Combined supercritical CO2 (SCO2) cycle
and organic Rankine cycle (ORC) system for hybrid
solar and geothermal power generation:
Thermoeconomic assessment of various configurations,”
Renew. Energy, vol. 174, pp. 1020-1035, 2021.

[17] O. Singh and R. Singh, “Thermodynamic evaluation of
SOFC-GT hybrid power and cooling system,” Energy
Sources, Part A Recover. Util. Environ. Eff., vol. 43, no.
16, pp. 1975-1989, 2019.

[18] M. H. Khoshgoftar Manesh, S. Ghorbani, and A.
Blanco-Marigorta, “Optimal Design and Analysis of a
Combined Freshwater-Power Generation System Based
on Integrated Solid Oxide Fuel Cell-Gas Turbine-
Organic Rankine Cycle-Multi Effect Distillation
System,” Appl. Therm. Eng., vol. 211, no. April, p.
118438, 2022.

[19]J. A. Wilson et al., “Hybrid Solid Oxide Fuel Cell / Gas
Turbine Model Development for Electric Aviation,”
2022.

[20]Y. Zhao, H. Hong, and H. Jin, “Economic analysis of a
typical solar—coal hybrid power plant,” Energy Sources,
Part A Recover. Util. Environ. Eff., vol. 38, no. 12, pp.
1798-1804, 2016.

[21]C. Xu et al., “A thermodynamic analysis of a solar
hybrid coal-based direct-fired supercritical carbon
dioxide power cycle,” Energy Convers. Manag., vol.
196, no. June, pp. 77-91, 2019.

[22]H. Yan, D. Chong, Z. Wang, M. Liu, Y. Zhao, and J.
Yan, “Dynamic performance enhancement of solar-
aided coal-fired power plant by control strategy
optimization with  solar/coal-to-power conversion
characteristics,” Energy, vol. 244, p. 122564, 2022.

[23] C. Wang and M. H. Nehrir, “Power management of a
stand-alone wind/photovoltaic/fuel cell energy system,”
IEEE Trans. Energy Convers., vol. 23, no. 3, pp. 957—
967, 2008.

[24] X. Li, D. Hui, and X. Lai, “Battery energy storage
station (BESS)-based smoothing control of photovoltaic
(PV) and wind power generation fluctuations,” IEEE
Trans. Sustain. Energy, vol. 4, no. 2, pp. 464-473, 2013.

[25] E. C.. Noyons, H. . Moed, and A. F. . van Raan,
“Integrating research performance analysis and science
mapping,” Scientometrics, vol. 46, no. 3, pp. 591-604,
1999.

[26] K. Bérner, C. Chen, and K. W. Boyack, “Visualizing
knowledge domains,” Annu. Rev. Inf. Sci. Technol., vol.
37, pp. 179-255, 2003.

[27] V. Della Corte, G. Del Gaudio, F. Sepe, and F. Sciarelli,
“Sustainable tourism in the open innovation realm: A
bibliometric analysis,” Sustainability, vol. 11, no. 21, pp.
1-18, 2019.

[28] L. M. Valenzuela Fernandez, C. Nicolas, J. M. Merigé,
and F. J. Arroyo-Cafiada, “Industrial marketing research:
a bibliometric analysis (1990-2015),” J. Bus. Ind. Mark.,
vol. 34, no. 3, pp. 550-560, 2019.

[29] J. M. Merigd, A. M. Gil-Lafuente, and R. R. Yager,
“An overview of fuzzy research with bibliometric
indicators,” Appl. Soft Comput. J., vol. 27, pp. 420-433,
2015.

[30] H. Du, L. Wei, M. A. Brown, Y. Wang, and Z. Shi, “A
bibliometric analysis of recent energy efficiency
literatures: An expanding and shifting focus,” Energy
Effic., vol. 6, no. 1, pp. 177-190, 2013.

[31] P. M. Podsakoff, S. B. Mackenzie, N. P. Podsakoff, and

1596



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

Thomasi et al,, Vol.12, No.3, September, 2022

D. G. Bachrach, Scholarly Influence in the Field of
Management : A Bibliometric Analysis of the
Determinants of University and Author Impact in the
Management Literature in the Past Quarter Century 7,
vol. 34, no. 4. 2008.

[32] P. Kittur, S. Chatterjee, and A. Upadhyay, “Mapping
the intellectual structure of business-to-business loyalty
literature: a bibliometric analysis approach,” J. Bus. Ind.
Mark., vol. 37, no. 5, pp. 1091-1110, Apr. 2022.

[33] S. Tahali, H. Yildiz, and J. Kaswengi, “Ethnocentrism
Consumer Research: A Bibliometric Analysis Overview
Over 1984-2021,” 2022, pp. 91-113.

[34] C. Genest and M. Guay, “Worldwide research output in
probability and statistics: An update,” Can. J. Stat., vol.
30, no. 2, pp. 329-342, Jun. 2002.

[35] R. Mutz and H.-D. Daniel, “How to consider fractional
counting and field normalization in the statistical
modeling of bibliometric data: A multilevel Poisson
regression approach,” J. Informetr., vol. 13, no. 2, pp.
643-657, May 2019.

[36] S. L. Turner et al., “Design characteristics and statistical
methods used in interrupted time series studies
evaluating public health interventions: protocol for a
review,” BMJ Open, vol. 9, no. 1, p. e024096, Jan. 2019.

[37] A. G. F. Hoepner, B. Kant, B. Scholtens, and P. S. Yu,
“Environmental and ecological economics in the 21st
century: An age adjusted citation analysis of the
influential articles, journals, authors and institutions,”
Ecol. Econ., vol. 77, pp. 193-206, 2012.

[38] M. Alkahtani, S. Ahmad, M. A. Noman, H. Kaid, and
A. Badwelan, “Bibliometric research indicators for
green supply chain modelling,” Int. J. Ind. Syst. Eng.,
vol. 35, no. 3, p. 314, 2020.

[39] R. Kube, A. Ldschel, H. Mertens, and T. Requate,
“Research trends in environmental and resource
economics: Insights from four decades of JEEM,” J.
Environ. Econ. Manage., vol. 92, pp. 433-464, Nov.
2018.

[40] P. Verma, T. Kumari, and A. S. Raghubanshi, “Energy
emissions, consumption and impact of urban
households: A review,” Renew. Sustain. Energy Rev.,
vol. 147, no. April, p. 111210, 2021.

[41] Z. Sun et al., “Carbon Peak and Carbon Neutrality in
the Building Sector: A Bibliometric Review,” Buildings,
vol. 12, no. 2, p. 128, Jan. 2022.

[42] F. H. Abanda, J. H. M. Tah, and F. K. T. Cheung,
“Mathematical modelling of embodied energy,
greenhouse gases, waste, time—cost parameters of
building projects: A review,” Build. Environ., vol. 59,

pp. 23-37, Jan. 2013.

[43] Y. Xiao, H. Wu, G. Wang, and H. Mei, “Mapping the
worldwide trends on energy poverty research: A
bibliometric analysis (1999-2019),” Int. J. Environ. Res.
Public Health, vol. 18, no. 4, pp. 1-22, 2021.

[44] H. Oliveira and V. Moutinho, “Renewable Energy,
Economic Growth and Economic Development Nexus:
A Bibliometric Analysis,” Energies, vol. 14, no. 15, p.
4578, Jul. 2021.

[45] S. Mukhtarov, S. Yiksel, and H. Dinger, “The impact of
financial development on renewable energy
consumption: Evidence from Turkey,” Renew. Energy,
vol. 187, pp. 169-176, Mar. 2022.

[46] T. M. David, P. M. Silva Rocha Rizol, M. A. Guerreiro
Machado, and G. P. Buccieri, “Future research
tendencies for solar energy management using a
bibliometric analysis, 2000-2019,” Heliyon, vol. 6, no.
7, p. e04452, 2020.

[47] M. A. Reyes-Belmonte, “Quo Vadis Solar Energy
Research?,” Appl. Sci., vol. 11, no. 7, p. 3015, Mar.
2021.

[48] D. I. Permana, D. Rusirawan, and I. Farkas, “A
bibliometric analysis of the application of solar energy
to the organic Rankine cycle,” Heliyon, vol. 8, no. 4, p.
09220, Apr. 2022.

[49] M. K. Shahzad, Y. Ding, Y. Xuan, N. Gao, and G.
Chen, “Energy efficiency analysis of a multifunctional
hybrid open absorption system for dehumidification,
heating, and cooling: An industrial waste heat recovery
application,” Energy Convers. Manag., vol. 243, no.
June, p. 114356, 2021.

[50] C. Acar, I. Dincer, and A. Mujumdar, “A
comprehensive review of recent advances in renewable-
based drying technologies for a sustainable future,” Dry.
Technol., vol. 40, no. 6, pp. 1029-1050, May 2022.

[51] T. H. Kwan et al., “Comprehensive review of
integrating fuel cells to other energy systems for
enhanced performance and enabling polygeneration,”
Renew. Sustain. Energy Rev., vol. 128, p. 109897, Aug.
2020.

[52] Z. Wang et al., “Potential assessment of large-scale
hydro-photovoltaic-wind hybrid systems on a global
scale,” Renew. Sustain. Energy Rev., vol. 146, no. 1, p.
111154, 2021.

[53] M. Ding, Z. Xu, W. Wang, X. Wang, Y. Song, and D.
Chen, “A review on China’s large-scale PV integration:
Progress, challenges and recommendations,” Renew.
Sustain. Energy Rev., vol. 53, pp. 639-652, Jan. 2016.

1597



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

Thomasi et al,, Vol.12, No.3, September, 2022

[54] X. Guo and M. Sepanta, “Evaluation of a new combined
energy system performance to produce electricity and
hydrogen with energy storage option,” Energy Reports,
vol. 7, pp. 1697-1711, 2021.

[55] G. Lin, X. Wang, and A. Rezazadeh, “Electrical energy
storage from a combined energy process based on solid
oxide fuel cell and use of waste heat,” Sustain. Energy
Technol. Assessments, vol. 48, p. 101663, Dec. 2021.

[56] H. Dong et al., “Energy generation and storing
electrical energy in an energy hybrid system consisting
of solar thermal collector, Stirling engine and
thermoelectric generator,” Sustain. Cities Soc., vol. 75,
p. 103357, Dec. 2021.

[57] O. Ellegaard and J. A. Wallin, “The bibliometric
analysis of scholarly production; How great is the
impact?,” Scientometrics, vol. 105, no. 3, pp. 1809-
1831, 2015.

[58] J. A. Wallin, “Bibliometric methods: Pitfalls and
possibilities,” Basic Clin. Pharmacol. Toxicol., vol. 97,
no. 5, pp. 261-275, 2005.

[59] M. Ariaand C. Cuccurullo, “bibliometrix: An R-tool for
comprehensive science mapping analysis,” J. Informetr.,
vol. 11, no. 4, pp. 959-975, 2017.

[60] M. K. Linnenluecke, M. Marrone, and A. K. Singh,
“Conducting systematic literature reviews and
bibliometric analyses,” Aust. J. Manag., vol. 45, no. 2,
pp. 175-194, 2020.

[61] E. I. A. EIA, “Trends and Expectations Surrounding the
Outlook for Energy Markets,” 2020. [Online]. Available:
https://www.eia.gov/outlooks/archive/aeo20/trends_expe
ctations.php. [Accessed: 04-Jul-2021].

[62] A.U.de G.dal. A. (AGUIA) USP, “Indicadores e
Meétricas,” 2021. [Online]. Available:
https://www.aguia.usp.br/apoio-
pesquisador/indicadores-pesquisa/lista-indicadores-
bibliometricos/. [Accessed: 04-Aug-2021].

[63] M. Mahi, I. Ismail, S. W. Phoong, and C. R. Isa,
“Mapping trends and knowledge structure of energy
efficiency research: what we know and where we are
going,” Environ. Sci. Pollut. Res., pp. 35327-35345,
2021.

[64] L. L. Li, G. Ding, N. Feng, M. H. Wang, and Y. S. Ho,
“Global stem cell research trend: Bibliometric analysis
as a tool for mapping of trends from 1991 to 2006,”
Scientometrics, vol. 80, no. 1, pp. 39-58, 2009.

[65] H. Yi, X. Ao, and Y.-S. Ho, “Use of citation per
publication as an indicator to evaluate
pentachlorophenol research,” Scientometrics, vol. 75,
no. 1, pp. 67-80, Apr. 2008.

[66] M. R. Naseh and E. Behdani, “Feasibility study for size
optimisation of a geothermal/PV/wind/diesel hybrid
power plant using the harmony search algorithm,” Int. J.
Sustain. Energy, pp. 584-601, 2020.

[67] I. R. E. A. IRENA, “Renewable Energy Capacity
Highlights,” Irena, 2021. [Online]. Available:
https://www.irena.org/publications/2021/March/Renewa
ble-Capacity-Statistics-2021. [Accessed: 07-Jul-2021].

[68] M. Huang, W. He, A. Incecik, A. Cichon, G. Krolczyk,
and Z. Li, “Renewable energy storage and sustainable
design of hybrid energy powered ships: A case study,” J.
Energy Storage, vol. 43, no. October, 2021.

[69] M. Talaat, A. Elgarhy, M. H. Elkholy, and M. A.
Farahat, “Integration of fuel cells into an off-grid hybrid
system using wave and solar energy,” Int. J. Electr.
Power Energy Syst., vol. 130, no. August 2020, p.
106939, 2021.

[70] H. H. Al-Kayiem, “Hybrid techniques to enhance solar
thermal: The way forward,” Int. J. Energy Prod.
Manag., vol. 1, no. 1, pp. 50-60, 2016.

[71] G. Valencia, A. Benavides, and Y. Cardenas,
“Economic and environmental multiobjective
optimization of a wind-solar-fuel cell hybrid energy
system in the Colombian Caribbean region,” Energies,
vol. 12, no. 11, 2019.

[72] J. Sarkar and S. Bhattacharyya, “Application of
graphene and graphene-based materials in clean energy-
related devices Minghui,” Arch. Thermodyn., vol. 33,
no. 4, pp. 23-40, 2012.

[73] M. Ariaand C. Cuccurullo, “Science Mapping Analysis
with bibliometrix R-package : an example,” 2018.
[Online]. Available:
https://bibliometrix.org/documents/bibliometrix_Report.
html#section-5-thematic-map. [Accessed: 04-Aug-
2021].

[74] M. J. Cobo and F. Herrera, “An approach for detecting ,
quantifying , and visualizing the evolution of a research
field : A practical application to the Fuzzy Sets Theory
field,” J. Informetr., vol. 5, no. 1, pp. 146-166, 2011.

[75] I. R. E. A. IRENA, “Renewable Energy Capacity
Highlights,” Irena, 2020. [Online]. Available:
www.irena.org/publications. [Accessed: 07-Jul-2021].

[76] P. Riehmann, M. Hanfler, and B. Froehlich, “Interactive
sankey diagrams,” Proc. - IEEE Symp. Inf. Vis. INFO
VIS, pp. 233-240, 2005.

[77] O. @. Smedegard, B. Aas, J. Stene, L. Georges, and S.
Carlucci, “Systematic and data-driven literature review
of the energy and indoor environmental performance of
swimming facilities,” Energy Effic., vol. 14, no. 7, 2021.

1598



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH
Thomasi et al,, Vol.12, No.3, September, 2022

[78] 1. Staffell et al., “The role of hydrogen and fuel cells in
the global energy system,” Energy Environ. Sci., vol. 12,
no. 2, pp. 463-491, 2019.

[79] MME/EPE, “Estudos de planejamento da expanséo da
geracéo: Usinas hibridas no contexto do planejamento
energético,” 2019. [Online]. Available:
https://www.epe.gov.br/sites-pt/publicacoes-dados-
abertos/publicacoes/PublicacoesArquivos/publicacao-
386/EPE_DEE_NT_029 2019 r0_ Usinas hibridas.pdf.
[Accessed: 06-Oct-2020].

[80] J. Brouwer, Hybrid fuel cell gas turbine (FC/GT)
combined cycle systems. Elsevier Masson SAS., 2012.

[81] F. B. Tilahun, R. Bhandari, and M. Mamo, “Design
optimization of a hybrid solar-biomass plant to
sustainably supply energy to industry: Methodology and
case study,” Energy, vol. 220, p. 119736, 2021.

[82] Z. Puand M. Yang, “The impact of city commercial
banks’ expansion on China’s regional energy
efficiency,” Econ. Anal. Policy, vol. 73, pp. 10-28,
2022.

[83] X. Yao, H. Wang, S. Shao, X. Li, and Z. Guo,
“‘Booster’ or ‘obstacle’: Can coal capacity cut policies
moderate the resource curse effect? Evidence from
Shanxi (China),” Resour. Policy, vol. 75, no. April 2021,
p. 102437, 2022.

[84] M. Zhang, Y. Tang, L. Liu, and D. Zhou, “Optimal
investment portfolio strategies for power enterprises
under multi-policy scenarios of renewable energy,”
Renew. Sustain. Energy Rev., vol. 154, no. January
2021, p. 111879, 2022.

[85] K. V. Konneh, H. Masrur, M. L. Othman, and T.
Senjyu, “Performance assessment of a hybrid
complementary power system for sustainable
electrification: A case study,” Sustain. Cities Soc., vol.
76, no. September 2021, p. 103412, 2022.

[86] O. D. T. Odou, R. Bhandari, and R. Adamou, “Hybrid
off-grid renewable power system for sustainable rural
electrification in Benin,” Renew. Energy, vol. 145, pp.
1266-1279, 2020.

[87] K. V. Konneh, H. Masrur, M. L. Othman, H. Takahashi,
N. Krishna, and T. Senjyu, “Multi-attribute decision-
making approach for a cost-effective and sustainable
energy system considering weight assignment analysis,”
Sustain., vol. 13, no. 10, pp. 1-22, 2021.

1599



