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ABSTRACT

This article presents a bibliometric analysis of trends and the research state on the main renewable energies based on information obtained from the 
SCIE/SSCI database for the period 2007-2017. The analysis is aimed at solar energy, geothermal energy, wind energy and biomass energy source. The 
results generated from the bibliometric techniques used allowed to obtain the behavior of the publications production and the influence that different 
countries and universities have on this subject. From the 10,363 publications, the 87.5% are journal articles and the 98% are in English language. In 
addition, 49.03% of the publications corresponded to solar energy, 33.83% to wind energy, 12.77% to biomass and 4.37% to geothermal energy. In 
the 10 years analyzed, the United States has been the most influential country in this research area, presenting the largest volume of publications in 
each of the renewable energies source studied. The results of this paper provide to energy researchers a relevant overview of the tendencies and scope 
of the main renewable energies worldwide. In addition, to support scientific decision and prospective investment in research center, relevant data are 
presented on the countries producing these renewable energies and their relationship with the production of publications.
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1. INTRODUCTION

The energy demand has reached very high levels last decade, 
the main reason for this phenomena is the rapid increase in 
urbanization, neighborhoods, built environment, public transport 
and services (York and Bell, 2019; Miller and Rupp, 2018; 
Benedek et al., 2018). The combustion of fossil fuels is largely 
responsible for the problems of climate change, air pollution 
and energy insecurity (Hanh and Kakinaka, 2019; Zerrahn et al., 
2018). A combination of wind, water and solar energy is the 
best alternative to fossil fuels (Lewis, 2007), (ASTM G-173-03, 

2002), because renewable sources of energy have almost zero 
emissions of greenhouse gases and other air pollutants (Kim et al., 
2018), (Chen et al., 2019), no long-term waste disposal problems 
and no risk of catastrophic accidents (Delucchi and Jacobson, 
2013; Bulut and Gonul, 2018; Harjanne and Korhonen, 2019; 
Zeng et al., 2019). Environmental and social problems related to 
energy use have motivated the development of sustainable energy 
technologies (Baruah and Enweremadu, 2019; Moorthy et al., 
2019; Washburn and Romero, 2019), such as wind turbines, carbon 
capture and storage, and hydrogen vehicles. Public acceptance 
of these technologies is crucial to their successful introduction 
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into society (Afonso et al., 2017; Sakellariou, 2017; Schumacher 
et al., 2019; Haufe and Ehrhart, 2018). It is complex to achieve 
full acceptance because of the fear of change that exists in society, 
but sooner or later everything becomes necessary (Hentschel et al., 
2018; Burcu and Ozturk, 2019; Hansen et al., 2019).

The development of renewable energies is a necessary step towards 
mitigating climate change (Zhou et al., 2018; Yuan et al., 2018; Lin 
and Zhu, 2019), which is why these issues have often been linked 
(Hamilton et al., 2018), abundant, cheap and clean renewable energy 
sources (Navratil et al., 2019),(Assali et al., 2019) are a promising 
alternative for promoting modern processes (Umar, 2017; Lin and 
Chen et al., 2019; Canaria et al., 2018), these promise to be the future 
of the whole world because they are sources that nature provides 
ceaselessly (Draycott, 2019); while renewable energy technologies 
(RET) (Narayanan et al., 2019; Selosse et al., 2018; Jacobson et al., 
2017) increase their participation in power generation systems 
around the world, some questions remain unanswered, about the 
projects of these technologies (Shin-Li, 2019).

The attitude that society takes (Reboredo and Ugolini, 2018) 
challenges is influenced by the perceived costs of the RET (Kreuz 
and Felix, 2018; Olson-hazboun et al., 2018; “The difference 
between popularity and prestige in the sciences and in the social 
sciences: A bibliometric analysis” by Franceschet, 2010; Zhang 
et al., 2018), the risks and rewards, the positive and negative 
feelings in response to the technology given the long planning 
period and the large sums of capital required by RET and, in some 
cases, the fact that it is subsidized, it is desirable for decision-
makers to recognize public opinion (Hache, 2018; Overland, 2019; 
Bayulgen and Benegal, 2019) and at least perceive if opinions are 
based on biased perceptions (Ribeiro et al., 2018), (Sweerts et al., 
2019). A clear example of what needs to be done by decision-
makers is the case of the implementation of renewable energies in 
Brazil (Bradshaw, 2017), a great example for other Latin American 
countries to follow (Arias-gaviria et al., 2019; Pietrosemoli 
and Rodríguez-monroy, 2019; Ylipulli et al., 2014); this case is 
analyzed by some authors within a very interesting study, where 
the political and institutional context led to regulatory reforms 
in the electricity sector since the nineties (Djørup et al., 2018).

It was demonstrated that pre-existing hydropower infrastructure, 
both physical and institutional, has created significant limitations 
in the adoption of alternative forms of energy (Braungardt et al., 
2019), (Fadly and Fontes, 2019). In this context, the factors that 
have allowed the participation of wind energy were examined 
(Hernández-Escobedo et al., 2018) and solar (Koenig, 1970) in the 
Brazilian energy supply (Bradshaw, 2017). In addition, the national 
government have undertaken innovative changes to encourage the 
use of renewable energy last decade (Bistline et al., 2019). While 
each country demographically has its limitations with respect to 
clean energy sources, it is possible to think of a future solution, 
even if this project takes many years.

The worldwide relevance of the different RET has been widely 
demonstrated, solar energy (Denholm and Margolis, 2007), wind 
energy, biomass and geothermal energy (Clauser and Markus, 
2018), and the perception of the viability of its implementation 

despite the initial costs involved (Scaramuzzino et al., 2019), this 
perception varies according to the socioeconomic situation of 
each country and technological development (Eren et al., 2019). 
Figure 1 shows the percentage distribution of publications of the 
renewable energy research from 2007 to 2017.

The renewable energy with the most amount of research 
publication is the solar energy with approximately half of the 
publications during this period considered (Sarmeinto et al., 
2017), converting this energy resource into the optimal, effective 
and efficient renewable energy to be implemented by most 
countries around the world in the short term future (Urban et al.,), 
(Liu et al., 2019) (Navratila et al., 2019).

Solar energy is the one with the greatest research impact (Mekhilef 
et al., 2011), perhaps by its nature and tentative efficiency 
(Dubey et al., 2013), because it is the conversion of sunlight 
energy into electricity (Arapkoules et al., 2015), either directly 
using photovoltaic energy (Mascarós, 2016), indirectly by using 
concentrated solar energy, or a combination of both (Denholm 
and Margolis, 2007), (Cepeda and Sierra, 2016). Currently, solar 
energy conversion is widely used to generate heat and produce 
electricity (Eitan and Herman, 2019). A comparative study on 
global energy consumption published by the International Energy 
Agency shows that solar panel installations will supply about 45% 
of the world’s energy demand in 2050 (Pina et al., 2014), (Amri, 
2019), and solar thermal energy is gaining popularity in industrial 
applications (Mekhilef et al., 2011). Nevertheless, solar energy 
conversion technologies face costs and scalability obstacles in the 
technologies required for a complete energy system, because of 
to provide a truly extended primary energy source, solar energy 
must be captured, converted and stored cost-effectively (Trainer, 
2017; Keck et al., 2019; Obeng-darko, 2019; Azhgaliyeva, 2019). 
New developments in nanotechnology, biotechnology, materials 
and physical sciences may allow approaches of gradual change of 
cost-effective systems (Kartite and Cherkaoui, 2019), and scalable 
on a global scale for the use of solar energy. China (PRC) is the 
world’s largest market for photovoltaics and solar thermal, but 

Figure 1: Distribution of the worldwide renewable energy publications 
from 2007 to 2017



Ochoa, et al.: Research Evolution on Renewable Energies Resources from 2007 to 2017: A Comparative Study on Solar, Geothermal, Wind and Biomass Energy

International Journal of Energy Economics and Policy | Vol 9 • Issue 6 • 2019244

solar energy production accounted for only 1% of China’s total 
energy demand in 2017 (Liu, 2019), (Hou et al., 2018), and the 66% 
of demand still comes from coal, something the country’s National 
Energy Administration wants to change drastically by 2050, partly 
because of China’s known air pollution problems (Chen et al., 
2019), but a very different energy mix could be propelling China 
in 2050 (Camargo-Ramirez et al., 2018), (Nguyen et al., 2019).

It is expected that renewable energies could supply 86% of the 
country’s energy needs, and solar energy would provide about 
a third of that (Urban et al., 2018). Among renewable energies, 
wind energy (Keček et al., 2019) is one of the most sustainable, 
playing an important role for the development of some countries 
such as Mexico (Hernández-Escobedo et al., 2018). In Latin 
America there is a growth in the implementation of renewable 
energy, with an installed capacity of more than 168.7 GW in 
2016, China is the main producer of wind energy in the world 
(Zhou et al., 2016), (Hu et al., 2018). The country is making 
massive investments in the renewable energy sector (Ding et al., 
2019), with a focus on wind energy. According to the World 
Wind Energy Association, the Chinese wind energy market is 
the largest in the world, with a global market share of 52% and 
a project to install 10 GW of offshore wind before the end of 
2020 (Jacobson et al., 2017).

On the other hand, Biomass is a renewable and clean source of 
energy, at levels equal to and sometimes higher than coal (Iqbal 
et al., 2018), (Helmisaari et al., 2002); Ozturk and Bilgili (2015); 
Mambura et al. conducted studies in South Africa and claim 
that the benefit of biomass is that it could coexist with coal, thus 
reducing greenhouse gases and global warming (Mamvura et al., 
2018) (Svoboda et al., 1199). The use of forest biomass for energy 
production requires careful attention to sustainable silvicultural 
practices (Frombo et al., 2016), which is a complex task because 
of the different environmental and economic issues that need to 
be considered. Finland is the country that concentrates the largest 
plants of this type in the world occupying 65% of the market, the 
concrete generation of all its plants totals around 970 MW. Finnish 
production benefits from resources such as wood, cardboard, plastic, 
agricultural waste and paper as energy; this benefits thousands of 
households every year (Helmisaari et al., 2002).

In addition, there is geothermal energy produced from natural 
steam or permeable hot water reservoirs (Umar, 2017), many 
countries welcome this type of energy, so much so that in January 
2017 the Chinese government launched the first special plan for 
the development of geothermal energy called the “13th 5-year 
plan for the development and use of geothermal energy (2016-
2020),” which promotes the development of geothermal energy at 
the national strategic energy level (Hou et al., 2018). The United 
States has an installed capacity of 3,591 MW, making it the country 
with the highest geothermal energy productivity (Koenig, 1970). 
Geothermal energy is among the cheapest forms of renewable 
electricity. However, in the years to come, geothermal electricity 
may be restricted to a limited number of regions around the world 
that have these particularly favorable fields. This would exclude 
most of the earth’s continental land mass, which is hot but lacks 
natural steam or hot water reservoirs. In addition, it is constrained 

by wind and solar power generation; this can become a serious 
competitive disadvantage, as primary fossil energies are being 
replaced (Clauser and Markus, 2018).

While bibliometric review of scientific topics is widely used 
in some field of study, chronological evolution of concepts 
and scientific collaboration between countries related to RET 
studies have not been exhaustively investigated. To complete 
this gap, some bibliometric indicators of the articles published 
are presented to evaluate and quantify the evolution of the 
research publication related to the mains renewable energies 
resources, solar, geothermal, wind and biomass energy 
from 2007 to 2017 to identify the topical subjects, extent of 
international collaboration and scientific productivity of the 
countries to which the authors declared they were associated 
when publishing the journals.

2. METHODOLOGY

A bibliometric analysis is able to show patterns of research 
publications from a database present in the literature. This analysis 
exploits the relationships between citations in academic journals 
and shows a clear view of a specific topic, where the importance 
of an issue can be highlighted within a range of years. In additions, 
this analysis can be used to analyze the relationship that articles 
have in different fields.

2.1. Objective of the Study
The primary objective of this study focuses on the analysis of the 
different bibliometric indicators related to the investigation of 
RET with the articles obtained in Web of Science, and processed 
in HistCite. In this study, the information search equation allows 
to select the information avoidable in the database to be analyzed 
by some categories such as countries, journals, authors, institutions 
and indicators of citation scores.

2.2. Analysis Procedure
For the analysis of the information obtained and the generation of 
the results, it was necessary to follow the steps shown in Figure 2. 
The flowchart shows the five steps of the bibliometric study from 
the journal related to RET. In the first stage, the search of a subject 
is defined. This search is determined by the keywords that facilitate 
to obtain the information to be analyzed. The general theme of 
this article is the renewable energies resources, so the appropriate 
keywords where “solar energy,” “geothermal energy,” “wind 
energy” and “biomass energy.” In the second stage, the previous 
keywords were used to search the articles for the bibliometric 
analysis. For this procedure, web of science was used to obtain the 
information of the journal. In the third stage, the tool HistCite is 
used to calculate the bibliometric indicators from the metasearch 
of the journal. In the fourth stage, the results analysis is obtained 
with the HitsCite tool to present solid and consistent information 
about the evolution and tendency of this field of study. The final 
stage, graphs and tables were elaborated to make the discussion 
presented in this paper. The information for this research was 
taken online with the WOS service which has the science citation 
index (SCIE) and the Social science citation index (SSCI) database 
developed by Thomson scientific.
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The names of the main renewable energies were used as search 
phrases to search for SCIE and SSCI titles, abstracts and keywords 
from 2007 to 2017 to obtain the 10,363 publications studied in this 
research. The 49.08% from the publications corresponded to solar 
energy, 33.79% to wind energy, 12.76% to biomass and 4.37% to 
geothermal energy, all contained author names, titles, abstracts, 
publication dates, document types, addresses and citations. The 
data were stored in txt format, to be analyzed quantitatively in 
the HistCite program to generate trend graphs of the indicators 
to measure the quality, impact of countries and journals in this 
field of research.

3. RESULTS AND DISCUSSION

3.1. Characteristics of the Publications
The 10,363 documents related to the main renewable energies SCIE 
and SSCI from 2007 to 2017, were classified in 4 subdivisions, 
each corresponding to a type of renewable energy. The solar energy 
publications achieve the 48.99% from the global production, 
with 5077 documents, where the 76.9% were journal articles, 
7.5% review proceeding and 3.4% were editorial material. The 
worldwide evolution on renewable energy resource is shown in 
Figure 3a, where the trend is growing for all the energy type but is 
largest for the solar energy, follow by the wind energy publications. 
This result can be explained because the solar energy has become 
the sector where the capacity to produce electricity has increased 
the most worldwide and that the increase in its investments grows 
more than the rest of renewable energy sources, and even those 
of fossil fuels.

The growth of research publication over the 10 years studied related 
to United States is presented in Figure 3b, where all the renewable 
energies have become an important alternative in the energy 
transition period. It is expected that the United States will remain 
in the position with more publications related to renewable energy, 
as the deployment of solar and wind energy facilities and research 
in the country continues to increase in markets and educational 
institutions, regardless of the low oil and gas prices they may have at 

some time. Growth could be much greater if the costs of RET fall due 
to economic, social and environmental factors that favor renewable 
energy and make it competitive with conventional energy sources.

Figure 2: Procedure for bibliometric analysis

Figure 3: Renewable energy resource publications from 2007 to 2017, 
(a) worldwide, (b) United states of America

a

b
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The number of U.S. publications on solar energy, geothermal 
energy, wind energy and biomass, respectively, compared to other 
countries within the top of production and research is presented 
in Figure 4. Figure 4a shows that countries such as Germany and 
China produced more publications during 2007 and 2008. After 
this, the United States increased its production from 2009 until 
it became the country with the greatest research contribution on 
solar energy in the world, this phenomenon is due to the effect of 
the inclusion of renewable energies in the US Energy Policy laws 
during the years prior to 2009, which focused on the conservation 
of natural resources, the development of these energy sources 
in different economic sectors, through concessions and fiscal 
incentives for both renewable and non-renewable energy sources.

Energy efficiency programs were implemented to achieve a 
rational use and preservation of the environment. On the other 
hand, the administration of Barack Obama proposed an important 
reform of the country’s energy policy, declaring the need to reduce 
CO2 emissions through a national emission program, which also 
resulted in helping to increase the implementation and study of 
other renewable and sustainable energy in this country. Figure 4b 
shows the superiority of Turkey in terms of research over a couple 
of years but then decreased to the point of producing between 
2010 and 2013 less than half of the publications made in 2009. 
In addition, countries such as Australia, China and the United 
States were in growth, the latter being the country with the largest 
production of articles on Geothermal Energy during this period. 
The geothermal energy evolution is a consequence of nature of this 
source, due to is a clean, geographically diverse and carbon-free 

energy where the earth’s heat is harnessed to generate naturally 
renewable electricity.

Wind energy has become an important energy resource in many 
countries and is recognised as a safe and affordable source of 
energy. The Figure 4c shows a big difference in the production 
of publications on Wind Energy in the United States with the 
rest of the countries, except with China. As the United States is 
in continuous research progress to the point of generating more 
articles during the past year 2017.

The result is a consequence on the installation capacity increase, 
where nearly 55 GW of wind power was added during 2016 
around the word, representing a total global increase of 12 %, 
reaching 487 GW in the cumulative world total below 22 % 
reached in 2015. By the end of 2016, more than 90 countries 
had some commercial activity in wind power and 29 countries in 
all regions have come to have more than 1 GW installed and in 
operation. Wind energy is the source of energy that runs first in 
terms of new installed capacity in Europe and the United States, 
and second in China. In 2016, China ranked first in terms of 
new wind farms far removed from the United States, Germany 
and India. Spain, the United Kingdom, France, Canada, Brazil 
and Italy are also among the top ten countries. China installed 
almost half of what was installed in the world. New markets 
have appeared in different regions of Asia, Africa, Latin America 
and the Middle East. At the end of 2016 the leading countries in 
terms of installed capacity per inhabitant were Denmark, Sweden, 
Germany, Ireland and Spain.

Figure 4: Annual energies publications in the United States and other producing countries during the same period (2007-2017) (a) solar energy; 
(b) geothermal energy; (c) wind energy; (d) biomass

a

c

b

d
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Figure 4d shows that the United States was totally dominant from 
2007 to 2014 in publications on Biomass as an energy resource, 
but its production decreased. In addition to this, countries such as 
China and Italy considerably increased their production, surpassing 
the United States in the last 2 years, these results are due to the 
fact that Italy has shown the viability of using biomass as a 
resource for the direct production of electrical energy by means 
of combustion and gasification processes, since it has a level of 
agricultural production capable of satisfying a large part of the 
energy demand of this country.

3.2. Distribution of Publications by Country and 
Research Organization
The 10 most productive countries of the main renewable energies 
can be seen in Figure 5, they were classified with respect to the 
number of publications and the H index of the 5 main research 

journals in all the countries. These results are due to the energy 
transition that has taken place in these countries, where it is 
expected to derive a high level of penetration in energy systems 
in the next decade, reaching values such as Denmark and the 
region of Texas in the United States, which already reached a 
penetration level of 50%. The high market penetration of these 
renewable sources and solar and wind energy, will allow an 
improvement in the quantity and quality of publications in these 
countries. However, it is necessary to overcome the challenges of 
fluctuation that these resources present for their easy integration 
into the electricity generation network. The improvement in the 
quality and quantity of publications is related to the interest in 
reaching 100% penetration of these renewable energy sources.

The results show that the different renewable energy sources 
studied in this research are already a reality in many countries and 

Figure 5: The 10 most producing countries (2007-2017) with the number of publications and index H: (a) solar energy; (b) geothermal energy; 
(c) wind energy and (d) biomass

a

b

c

d
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research institutes around the world as shown in Table 1, where 
the total global citation score (TGCS) and total local citation 
score is presented for each organization according the energy 
source. The relevant position of the Chinese Academy of Sciences 
located in China (TGCS=5911) is because it is the largest research 
organization in the world, with a total production of 194 publication 
related to this topic with a high quality that allow to be cited by 
others researcher.

3.3. Comparative Analysis between the Publication 
and the Production of Renewable Energies by Country
This analysis considers the main research organizations in each 
country producing renewable energy, with this seeks to analyze 
how much research impact the energy production, which is final 

propose desired throughout the world, that renewable energy 
uses do not remain on paper or in a feasibility study but becomes 
a reality for all countries. Figure 6 shows a comparative analysis 
between the 3 main countries producing solar, geothermal, wind 
and biomass energy, respectively, and the research trend from 
2007 to 2017. There is a fairly good correspondence between the 
solar energy produced and the publication evolution as shown 
in Figure 6a, PRC has also the highest solar energy production 
(160 GW), more than 200 publication in 2017, which mean an 
important impact of the academic activity on the number of 
solar applications in this country. On the other hand, Japan is the 
country with the lower number of publications, reaching only 
a solar production of 65 GW. These results can be explained 
because of this type of energy resource is considered as an 

Table 1: The 3 research organizations of the main renewable energies with the highest production (2007-2017)
Energy Organizations TP Total global citation score Total local citation score
Solar energy Chinese academy of sciences, China 194 5911 230

University of California, Berkeley, USA 61 1854 120
Institute of chemistry CAS, China 21 279 23

Geothermal energy Helmholtz association, Germany 23 45 6
University of Ontario institute technology, Canada 13 93 15
ETH Zurich, Switzerland 12 238 29

Wind energy Technical University of Denmark, Denmark 67 886 72
Chinese academy of sciences, China 66 1333 128
Indian institute of technology, India 64 340 57

Biomass United States Department of Energy, USA 31 500 23
United States Department of Agriculture USA 28 374 14 
Chinese Academy of Sciences, China 25 412 15 

Figure 6: Publications behavior between the 3 main countries from 2007 to 2017 related to: (a) solar energy; (b) geothermal energy; (c) wind 
energy and (d) biomass energy

a

c

b

d
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emerging technology where the knowledge and research result 
play a relevant role on the product available in the market.

A similar case occurs with wind energy as shown in Figure 6c, 
where the country with the highest scientific production recently 
corresponds to the country with the highest wind energy 
production, which is due to the important developments of PRC 
and USA manufacturers in advancing wind turbine technology to a 
high degree of maturity, where they can operate as a highly reliable 
machine, virtually without the need for permanent attention and 
an interface with a complex electrical grid that must supply high 
quality electricity. The results show that the rate at which the 
volume of publications on wind energy increases is dizzying. 
Additionally, these developments have allowed an increase in the 
height at which wind turbines currently operate and the average 
power per unit is currently around 2 MW for manufacturers in the 
three countries considered. The high levels of power generated in 
these three countries is due to the fact that this technology currently 
in use has evolved from the 25-40 kW turbines in the 1980s to 
the current 8 MW turbines. The predominant nominal power of 
turbines being installed onshore is in the range of 2-4 MW, while 
those installed in offshore wind farms are in the range of 3-8 MW.

3.4. Thematic Categories and Journals
To identify the journals where the research results are concentrated 
for each type of renewable energy source, an evolution of the 
number of papers published was studied for the top 5 journals, 
as shown in Figure 7. The journals considered have a publication 
Scopus index Q1 and Q2, that demonstrate the importance and 
quality of the research that has been developed on this subject and 
the positive impact of these in the industry. In the area of solar 

energy, the journals “solar energy” and “renewable sustainable 
energy reviews,” have increased the number of publications, 
duplicating in the last 4 years as shown in Figure 7a. It is expected 
that the volume of publications in these journals will continue to 
increase in the coming years thanks to investments in research 
centers, training of human capital specialized in the area, tax 
incentives that are being granted in different countries for the use 
of these energies and the diversification of the energy matrix in 
many countries where solar and wind energy have an important 
contribution. In the other energy source, in addition to the journal 
“renewable sustainable energy reviews,” other journals are 
relevance such as “Geothermics” in Figure 7b, “renewable energy” 
in Figure 7c and “biomass bioenergy” in Figure 7d. These results 
show a clear tendency of the researchers to publish the works 
in the most specialized journal of the area, where the topics are 
more related to the fundamentals and the application of the energy 
conversion phenomenon.

The journal with the highest impact factor related to the types of 
renewable energy studied is the journal “renewable and sustainable 
energy reviews” with 193 in the h index, leading the number of 
articles published in several years for the different areas. In this 
journal is published about 22% of the documents reported in solar 
energy, which confirm the relevance of this journal. In addition, 
about 43% of the publications in solar energy and 48% in wind 
energy are distributed in the top 5 journals reported in this study. 
These results serve as a guide to focus the search for research 
results of high quality and impact in the areas of renewable 
energy, in addition to being referring to the time of selecting the 
magazine to publish.

Figure 7: Publications of the 5 main journals from 2007 to 2017 related to: (a) solar energy; (b) geothermal energy; (c) wind energy and 
(d) biomass energy

a

c

b

d
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3.5. Analysis of Correlations between Thematic Axes 
using Network Maps
In this section, the correlations between the three main renewable 
energies is studied. There is a close relationship between 
producer countries and research organizations. For this analysis 
was used a set of data extracted from the WOS corresponding 
to the first thousand articles of solar energy, wind and biomass 
in the period of study. The software used is VOS viewer tool, 
that allows to determine the construction and visualization of 
bibliometric networks. The selected articles for this study are 
the most cited according to the bibliometric analysis. Figure 8 
shows the co-authorships in articles on the three main RET, 
where a powerful relation between Stolarski, from University 
of Warmia and Mazury in Olsztyn, and Stefan Szczukowski had 
published together some paper related to biomass source in the 
biomass and bioenergy journal and the renewable and sustainable 
energy reviews.

Collaborative network in the RET research field is shown in 
Figure 9. The number of networked articles between institutions is 
34% higher than the number of articles published individually by 
each institution in each country. This network was built from the 
30 most academically productive countries in renewable energy 
from 2007 to 2017.

The largest number of co-authors was between the Chinese 
Academic Science and Univ Chinese Acad Sci, with a combined 
number of 12 publications. The United States continues to 
maintain its importance from the different perspectives analyzed 
in the advancement of RET research through collaborative 
work, on the other hand the progress and increasing coverage 
in this area by the institutions of South Korea and Japan. These 
results are due to the fact that it is the Asian countries that are 
leading the worldwide growth of installed electricity generation 
capacity from renewable energies, with growth projections of 
up to 70% by 2030. Networking in Asian countries is also a 
consequence of concern over population growth, the need to 
improve the living conditions of its inhabitants and the ever-
increasing economic activity, factors that imply an increasing 
in the energy demand.

The countries shown in Figure 10, with a network of co-
authors of articles related to RET, correspond to the main 
countries manufacturers of these technologies. In the case of 
wind energy source, GE from the United States, Siemens from 
Germany and Goldwind stand out. Gamesa, Siemens Sinovel, 
Enercon and Suzlon also stand out. Other manufacturers that 
have appeared in the ranking of the first ten of these years 
have been Nordex (Germany), Repower (Germany), and the 
Chinese Donghang, Guodian, Ming Yang, Senvion, Envision 
and CSIC that appeared in 2015. These results confirm the close 
relationship between these countries to lead and advance in the 
development of RET.

4. CONCLUSIONS

Research into the main renewable energy sources is growing 
at a sudden rate due to the environmental damage we have all 

Figure 8: Co-authorships in articles on the three mains RET

Figure 9: Co-authorships in the research organizations of the three 
mains RET

Figure 10: Co-authorships of countries producing articles of the three 
mains RET

suffered in recent years due to global warming; given that there is 
great expectation of these technologies for the solution of energy 
demand, care of the environment and the imminent problem 
of scarcity of fossil resources in a few years, countries such as 
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the United States and China have given the first signs that it is 
feasible, viable and effective to use and implement clean and 
sustainable energy sources. Of all the bibliometric studies carried 
out in this chapter, it is worth highlighting the participation of 
thousands of authors interested in contributing knowledge to the 
subject and achieving the objectives set by countries all over the 
world about the production of renewable energies. The United 
States and China have a very dominant role in the production of 
this subject in the last 10 years, the United States contributed 
21.5% and China 15.2% of the total number of publications, 
justified by the seven research organizations of these countries 
that are among the top 12 in the world to produce articles on 
renewable energy.

The countries with the highest production of these energies are 
those that have the highest rate of citation of articles referring 
to these energies, but they are not necessarily countries that 
produce publications, this guarantees that a country can achieve 
the implementation of a sustainable and renewable system 
without the need to have research organizations with high 
production performance. Thanks to this chapter, it was possible 
to describe graphically the performance of the main institutions 
and/or research organizations producing articles, the trend of 
the publications and the contribution made by each country in 
the world; with this it was obtained that the greatest growth of the 
production of publications took place from the year 2010; from 
this moment the investigation about Wind Energy and Biomass 
begins to grow suddenly obtaining equal records and for the 
moment superior to the publications about Solar Energy. The 
analyses provided in this work will allow us to know the status of 
studies of renewable energy, for further research and development 
of these technologies.

Despite the need to strengthen national and international 
policies for the use of renewable energies, the acceleration of 
the deployment of solar and wind energy makes evident a global 
motivation to invest in it, so many projects are under development. 
Substantial global growth is expected in China, India, Europe and 
North America. In addition, very high growth rates in number 
of publications and implementations can be expected in several 
Latin American countries, particularly Brazil, as well as in new 
Asian and Eastern European markets. In the medium term some 
African countries will have an appreciable development, mainly 
in the whole of North Africa, but also in the south, which will 
allow the scaling of these countries in the bibliometric indicators 
studied in this research.
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