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Abstract- Modern research in the field of renewable energy determines the directions of practical implementation of different 
energy sources. The possibility of rapid practical application of such results is crucial for economic growth. The paper 
critically analyses the advanced publications as the results of fundamental researches for different directions of renewable 
energy and identifies the key points that have influenced the practical development of each of these areas. It is shown how 
scientific research in different countries after the practical implementation affects their economic development. The key 
players in the global renewable energy market have been determined. Among low-income economies, Ukraine has been 
considered as a country that has at the same time almost blank market for renewable energy and a high-level research potential 
based on a large number of universities and research institutes. The example of Ukraine shows two problems typical for 
countries with a weak economy: (1) the existence of a large gap between the results of scientific research and the possibility of 
their implementation; (2) the availability of advanced results in the directions that, due to the need for significant investments, 
are very difficult to be implemented practically (materials science for solar power, thermoelectricity, new types of batteries, 
etc.) and almost no research in the industries that are intensively developing and are potentially economically profitable 
(biofuels, bioenergy from agricultural waste, wind energy). Such data can help foreign companies to enter the Ukrainian 
market or facilitate the commercialization of research results of Ukrainian scientists. 

Keywords Renewable energy, energy policy, h-index, sustainable development, Ukraine.  

 

1. Introduction 

Energy has been one of the basic human needs and now 
with the increasing the dependence of human life style on 
energy, this need becomes a key role for civilization 

development. Therefore, supplying a sustainable, clean, 
secure and available energy is one of the main challenges of 
the present century. Unleashing the potential of renewable 
energy should be a strategic priority for each state. This has 
several reasons. 
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Ø Ecology [1,2]. Combustion of fossil fuels results in 
the release of a significant amount of harmful substances that 
pollute the environment or increase the greenhouse effect 
through uncontrolled emissions of heat. The natural 
resources burned for energy are exhaustive and non-
renewable; therefore their burning leads to a negative impact 
on environment and nature. 

Ø Security [3]. Only a certain number of states have 
sufficient natural resources that can be used to generate 
electricity through their combustion. Other states have to buy 
the large amount of electric energy, as well as gas and oil. At 
the same time, they completely depend on the political 
influences of these states. Thus, energy security becomes a 
strategic issue for every state. However, it should be kept in 
mind that renewable energy can only contribute to security, 
but not solve it. 

Ø Economics, politics [4-8].  Purchasing energy and 
power by non-producing countries is not economically 
viable. Therefore, a shift toward renewable energy sources 
will help to limit a support value necessary for growth and 
transformation of energy transmission systems that require 
urgent modernization and introduction of intelligent and 
optimal energy management [9]. 

Accordingly, every state today is trying in various ways 
to promote the introduction of renewable energy sources. On 
the one hand, there should be different incentives to 
introduce such technologies. On the other hand, it is 
necessary to involve science through supporting scientific 
research in significant fields. 

Moreover, not only individual states want to ensure their 
energy security and independence, but also these processes 
are actively developed by international structures such as the 
EU, NATO, etc. [10-12].  For example, the EU Horizon 2020 
program has a special direction for “Energy”, “Security”, and 
“Nanotechnologies, Advanced Materials, Advanced 
Manufacturing and Processing, and Biotechnology” that 
promote research and innovative business also towards the 
development of renewable energy. 

Analysis of research provides information to identify 
factors that influence the global spread of renewables. Only 
high-quality research is being considered here. The results of 
such studies are published in high-level scientific 
publications and can be quoted by other researchers. This 
paper investigates publications in journals, which are 
indexed by Scopus and WoS international scientific and 
metric databases. These bases place high demands on 
scientific journals, which, in turn, is a guarantee of the 
quality and reliability of the published material. The websites 
of these science-metric databases provide the opportunity to 
process a large amount of statistical information, the analysis 
of which enables the implementation of professional 
forecasts. 

2. Research Methods 

At the first stage of research a global analysis of 
published scientific papers was performed. For this aim the 
publications were selected based on the keywords (tags)  

"Energy", "Renewable Energy", "Solar Energy", "Wind", 
"Geothermal energy", "Biofuels and Bioenergy", 
"Thermoelectric energy". The analysis was carried out 
according to the following criteria: year of publication, 
countries of authors, scientific direction (profile) of 
publication, the most cited publications and the most cited 
authors in the every research area. It is clear that making 
conclusions only by the specified keywords would be 
incorrect. It should be borne in mind that searching a 
keyword “Energy” will often give results, for example, 
related to energy states in crystals or energy of ionizing 
radiation. And under the term "Solar energy" there will be 
many publications related to astronomy and astrophysics. 
The term "Bioenergy" can often be related to human 
medicine and physiology, and so on. To avoid this, the 
rejection of unnecessary results was made in two ways: (І) 
searching for the statistical regularity of the frequency of 
published works on the specified keywords, but not related to 
energy; (ІІ) adding to each of the keyword a number of 
additional keywords that refine the search. 

For the first method (I), such parameter as a number of 
papers that do not correspond to the topic per hundred of 
publications was taken into account. All materials were not 
looked through, because only the tag "Energy" shows 
3,935,988 publications on May 2018. Therefore, analysis 
were made on the first hundreds of the most cited 
publications (which became the foundation of research in this 
area) and on the first hundreds of the newest publications 
(which probably will determine the industry's development in 
subsequent years). 

As for the second method (II), an alternative search with 
similar words was performed, as well as a search using the 
multiplication keywords tool. 

Another approach used by the authors is the definition of 
a certain normalized h-index for comparing the link between 
a number of publications on each tag and the quality of 
published materials (h-index by tag). Here the increment of 
publications over the years is taken into account and the 
theoretical curve is constructed, which is superimposed on 
the schedule of such growth. The statistical analysis 
packages allow the equation of this theoretical curve to be 
obtained. The nature of these equations has made it possible 
to establish the basic patterns of the development of the 
interest of the scientific community in researching certain 
types of renewable energy and to determine the peak stages 
of the growth of such interest. It can be explained by various 
factors: the creation of fundamentally new approaches / 
technologies / materials or the adoption of relevant 
legislative acts, contributed to deepening economic interest 
in the development of certain areas. 

At the last stage a similar rankings for authors from 
Ukraine was conducted. This enables to compare the growth 
rates of interest in research of different types of renewables 
in the world and in Ukraine. In particular, the comparison of 
h-index (hglob / hukr) in certain areas in the world and in 
Ukraine was done, as well as the total amount of publications 
(Nglob / Nukr) was compared, taking into account the 
correlation coefficient A. The growth of interest in certain 
directions of renewable energy in Ukraine and in the world 
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was compared. The most important scientific results that 
have become the determining milestones of their 
development were shown. 

Although Ukraine as one of the largest states in Europe 
is interested in strengthening stable prospects for economic 
growth, it is slowly introducing new ideas and technologies. 
Ukraine has a great demographic and industrial potential. 
Therefore, such analysis may be interesting both for 
researchers and industrial companies to develop cooperation 
directions and enter a new and promising market. And if we 
take into account a large number of energy-intensive 
enterprises (metallurgy, coal, chemical technologies), then, in 
the context of the state's commitment to gradually shift to 
clean energy, the renewable energy market in Ukraine is 
economically attractive and promising. 

Another important type of renewable energy sources is a 
small hydroelectric station (up to 10 MW) [8]. However, the 
analysis of publications on the "Small Hydro Energy" tag has 
not been carried out for several reasons: the main emphasis 
in this paper was made on the renewable energy market 
analysis in Ukraine, where there are still public discussions 
on the feasibility of the implementation of small 
hydroelectric power stations and there are no research 
organizations in this field. 

Therefore, "Hydro Energy" is provided for informational 
purposes only in graphic illustrations to take into account and 
to more fully analyse all important types of renewable energy 
sources. In addition, scientific approaches are more peculiar 
to the study of hydro power stations of high power. And the 
term "small hydroelectric" is often used in studies related to 
its impact on ecosystems, rather than technical 
characteristics: the problem of water purification, support of 
fish populations, etc., or through modelling the influence of 
weather factors on its development [13].  

3. Analysis of The Results 

3.1.  Global renewable energy state of art. 

An analysis of publications for the "Energy" tag requires 
careful consideration in the study. On the one hand, Scopus 
database has 3,935,988 publications for the entire period. But 
as it was mentioned above, not all publications are related to 
energy generation or conservation issues. Moreover, only a 

certain part corresponds to the direction of Renewable / 
Alternative Energy [14]. Therefore, first and foremost, it is 
important to highlight a group of "Renewable Energy" 
publications and divide it into specific areas. For ease of this 
analysis, we introduced a coefficient R (named as ratio of 
publications relevance for a particular direction). It was 
introduced using the following algorithm: 

1) The analysis of the first 10 hundred publications in 
Scopus, which are sorted by quotation from the highest, is 
performed. A number of publications relevant to any process 
or research on traditional and renewable energy is selected. 
All other publications are dissipated (atomic energy, energy 
in astrophysics, medicine, rehabilitation, psychology, etc.). 

2) The analysis of the first hundreds of publications in 
Scopus, which are sorted by the date of publication from the 
latest, is done. Here too, a sampling of publications as in 
paragraph 1 is carried out. 

3) The proportion of relevant publications is allocated 
from their total number. 

R = Nrel / N,                          (1)  

so that Nrel is the number of publications that correspond to 
the given topic (in this case, traditional and renewable 
energy) displayed as a result of the search, and N is the total 
number of publications displayed by the name of the selected 
tag. 

A similar procedure is carried out according to other tags 
that correspond to the key directions in renewable energy 
research. The results are shown in Table 1.  

Several important conclusions can be drawn from the 
table. The coefficient R = 1 is possible in a very idealistic 
case, where the name of the key tag will fully correspond to a 
specific and unique process. Such case is ideal and cannot be 
practically implemented, but in certain directions the value 
can be very close to 1.  

As expected, the largest deviation from 1 is observed for 
the "Energy" tag. The analysis of the most cited and most 
recent publications of value R turned out to be different. This 
can be explained by the following considerations. The most 
cited works are papers that describe fundamentally new 
approaches or models or start a new direction of research.  

 

Table 1. Relevance ratio of publications by directions 

No Direction R1 (by citation) R2 (by last years) 

1.  Energy  0.47 0.68 

2.  Wind energy  0.61 0.94 

3.  Solar energy  0.84 0.91 

4.  Biofuel energy  0.99 0.98 

5.  Geothermal energy  0.88 0.97 

6.  Thermoelectric energy  0.92 0.88 
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For the case of the "Energy" tag, it turned out that the most 
cited works were publications that describe the basic 
principles of ab initio calculations [15-17] or other 
theoretical calculations of electronic states [18,19]. This is 
understandable, since the principles given in these works 
became the basis of the mathematical apparatus of modern 
theoretical physics. Only the tenth in citation article [20] 
corresponds to the studied direction and contains 21,141 
citations. Therefore, the relevancy ratio of 0.47 is real.  

With regard to the relevance rate for the publications that 
were analyzed as the newest, the coefficient R increased to 
0.68. This indicates a general growth of scientific interest in 
the energy issues. In this case, it is connected to the 
renewable energy sector, since renewable energy 
increasingly replaces the traditional one, which is based on 
the combustion of resources with the release of substances 
harmful to the environment, flooding of territories or the use 
of nuclear power stations. It reflects the general trend 
introduction of new ideas which will contribute to the overall 
improvement of the environmental and energy situation in 
the world. 

As for other tags, several important patterns were found 
there. The coefficients R for the "Wind Energy" tag are very 
different. A rather low coefficient of 0.61 for the coincidence 
of publications with a high number of quotes is due to the 
presence of papers on the topics of astrophysics, describing 
processes in large space objects, the movement of galaxies, 
etc. [21, 22].  

Moreover, a lot of publications are related to not directly 
generating electricity from wind, but physics and mechanics 
of individual parts of wind turbines that are used and cited in 
other directions (for example, "Solar Energy"), and bear on 
materials for accumulators or  engine construction [23]. But 
in recent years the issue of transformation of wind energy 
into electric power has become most relevant for this search 
query. Here we should mention the design features of new 
models of wind turbines and their systems [24, 25], the 
environmental issues of their work [26, 27], as well as 
calculations of economic efficiency [28]. An important factor 
is that wind energy is one of the most commonly used type 
of renewable energy that is already actively produced and 
spread greatly each year in different countries. Thus, in 2015, 
432 680 MW of wind power was produced in the world, and 
in 2016 it was 486 749 MW [29]. The cost of such electricity 
is also reduced. In particular, in 2018 it is planned to launch 
stations at the coast line at USD 0.04 / kWh [30]. There are 
more journals devoted to issues of wind power generation 
compared to astrophysical topics. Although astrophysical 
subjects are more cited, much smaller number of researchers 
studies them. 

A similar picture is observed for the research of solar 
energy. Unlike other studies, it is combined into a single tag 
called "Solar Photoelectric / PV" and "Solar Heat Energy". 
Physics of these processes is fundamentally different, 
however, for them there is a common source of free energy – 
the Sun. The difference in this case between R1 and R2 is 
smaller, but there is a stable deviation of their values from 1. 

We can see that the transformation of solar energy into 
electricity or heat, which would be useful to humans, has 
been much more interesting for researchers. Now these 
amounts have stabilized on certain proportional to the 
number of publications values (0.84 and 0.91) in relation to 
other publications on these tags. Other areas of research 
include astrophysical (processes on the Sun), aerospace [31] 
and "clean" geographic and ecological studies [32]. Although 
values close to 0.9 indicate a high impact of solar energy 
research, supported both by government mechanisms in 
different countries and by business, for which innovation is 
both a commercial and a public success [33]. 

The other two tags for "Biofuel Energy" (including agro-
biofuels, biomass, etc.) and "Geothermal Energy" refer to 
those types of renewable energy, which are now successfully 
implemented in practice and have scientific justification, but 
the quantity of produced energy is significantly less than 
Solar Energy and Wind Energy [34]. However, information 
about them is an integral and important part of all current 
reviews and reports [10, 29, 30]. As for Biofuel Energy, 
there are very close values of R1 and R2 (0.99 and 0.98, 
respectively). This indicates a clear thematic focus of such 
publications. With regard to Geothermal Energy, the 
relevance of publications in accordance with the theme of 
renewable energy in recent years is quite high and it is 0.97. 
Lower value among the number of the most cited 
publications in this area can be easily explained by studies in 
geology or science of the Earth. 

This review proposes to consider another type of 
renewable energy – "Thermoelectric Energy". Although it 
has not been attracting a lot of attention of scientists, the 
thermoelectric industry is becoming more and more 
powerful. In particular, 557 organizations (universities, 
research centers and companies from around the world) took 
part in the 36th International Conference on 
Thermoelectricity ICT2017 (Pasadena, CA, USA: 
https://www.usasymposium.com/ict/who.php). Individual 
participants were much more. And, as it will be shown 
below, the number and quality of publications on this topic is 
one of the decisive one in the direction of renewable energy 
sources. Only for this direction value of R1 is higher than R2. 
That is, the most cited publications form the bulk of the other 
possible materials. For example, when we investigate 
materials or effects that could be optionally used for the 
production of thermoelectric energy, but they themselves are 
intended for other purposes [35, 36]. Today the practical 
possibility of direct conversion of heat into electricity 
without the use of complex mobile mechanisms and without 
special combustion of raw materials is an important 
economic and environmental factor [37, 38]. And the number 
and quality of publications in this direction grows annually. 

Another interesting example is that until the 1970s, the 
number of publications on individual areas of renewable 
energy was about a dozen of publications per year. Since the 
beginning of the 1970s, the situation has changed and there 
has been initially smooth growth, and from 2001 to 2008 
there has been a rapid nonlinear increase in the number of 
publications. That is, since then, the awareness of the global 
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community to the topics of the exhaustion of natural 
resources and the need to reduce emissions into the 

environment has been growing [39].  

 

 
а) 

 
b) 

Fig. 1. The total h-index (a) and the total number of publications in percent (b) related to energy in general and the separate 
types of renewable energy sources. 

 

Accordingly, it is important to analyze the quality of 
publications, which is determined in the scientific 
community by the number of their citations. Fig. 1 shows the 
relation between the h-indexes of publications in the 
direction of renewable energy and power engineering (Fig. 1, 
a) and the number of publications in the separate directions 
of renewable energy (Fig. 1, b). 

The total number of publications for the tag "Energy" is 
not taken into account, because this number includes, among 
other things, the number of publications for all types of 
renewable energy and it is significantly higher. This 
complicates the adequate perception of graphic material. 

For this analysis, another additional tag "Hybrid Energy" 
has been considered, as very often today existing renewable 
energy systems are to be improved through a combination of 
different mechanisms in a single complex [40-43]. This 

allows us to get a system with significantly higher efficiency 
compared to the efficiency of each individual system at a 
lower cost. For two separate systems, the total efficiency can 
be higher, but their cost will be much higher than the hybrid 
system, which makes the use of two such systems separately 
economically unprofitable. 

If we consider the separate directions, it is clearly seen 
that the tag "Solar Energy" has the highest value of both the 
citation and the number of publications: h = 508 (or 38%) of 
the total number of publications on the subject of renewable 
energy. The tag "Wind Energy" has very close indicators on 
both parameters (h = 301, or 20%), the same is this "Hybrid 
Energy" (h = 350, or 19%). Such values for these tags are 
clear and predictable. Solar and wind energy are decisive 
from an economic point of view and they were the first to be 
massively introduced [30]. The main publications are 
devoted to the high-tech sphere concerning fundamentally 
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new ideas, which stimulate a new stage of the industry 
development. Thus, in [20], the possibility of developing 
cheap and commercially advantageous photocells with a 
thickness of 10 µm on the basis of optically transparent films 
of nanoparticles of titanium dioxide is described. These 
nanoparticles have a sufficiently high percentage of the solar 
radiation (46%) and demonstrate exceptional parameters for 
the conversion of photon energy into electric energy with a 
general efficiency (7.1-7.9) %. This work was revolutionary 
in 1991 and gave rise to research due-sensitized photocells.  

Other works [44-46] are devoted to this kind of 
materials, where a certain chemical modification of these 
photocells based on TiO2 is proposed due to the doping of 
nitrogen elements, the development of surface-active 
nanostructured titanium dioxide, etc. We see that research in 
the field of photovoltaic material science is the most cited. 
For “Wind Energy” the situation is different. More important 
(cited) here are the materials related to the systems of 
transformation of energy in general, as well as engineering 

and design solutions of wind farms [47-49]. There is also a 
part of materials that are relevant to materials science (5.4%), 
but not all of them concern materials for turbines, blades or 
hulls. A significant number of publications are devoted to 
battery materials, which can be used for other types of 
renewable energy [23]. 

Comparing the percentage content of the contribution of 
the papers from the field of Materials science to each type of 
Renewable Energy (open data from the Scopus database: 
www.scopus.com) as the section of most relevant to these 
fundamental areas of science, we can see the following 
distribution (including Chemical Engineering): Solar Energy 
– 40.4%, Wind Energy – 5.4%, Geothermal Energy – 11.3%, 
Biofuel Energy – 35.9%, Thermoelectric Energy – 50.4%, 
Energy – 42.6%. That is, Thermoelectric Energy, Solar 
Energy and Biofuel Energy are the most important areas of 
technology that have a strong scientific component.  

 

Table 2. Statistics on the number of publications by country according to the different key tags. 

No Energy Solar Energy Wind Energy Thermoelectric 
Energy 

Biofuel Energy Renewable 
Energy 

1 1. USA 
2. China 
3. Germany 
4. Japan 
5. UK 
6. France 
7. India 
8. Italy 

1. USA 
2. China 
3. India 
4. Germany 
5. Japan 
6. UK 
7. Italy 
8. France 

1. USA 
2. China 
3. UK 
4. Germany 
5. India 
6. Japan 
7. Canada 
8. France 

1. USA 
2. China 
3. Japan 
4. India 
5. Germany 
6. UK 
7. South Korea 
8. France 

1. USA 
2. China 
3. India  
4. UK 
5. Germany 
6. Brazil 
7. Italy 
8. Canada 

1. USA 
2. China 
3. UK 
4. Germany 
5. India 
6. Italy 
7. Spain 
8. Canada 

2 1. CNRS 
2. Univ. Tokyo 
3. UC Berkeley 
4. MIT 
5. Inst. 
Nazionale de 
Fisica Nucleare 

1. NASA Goddart 
Space Flight 
Center 

2. Nat. Renewable 
Energy Lab. 

3. CNRS 
4. UC Berkeley 
5. Cal. Tech. 

1. NASA 
Goddart Space 
Flight Center 

2. Danmarks 
Tek. Univ. 

3. CNRS 
4. UC Berkeley 
5. Nat. 
Renewable 
Energy Lab. 

1. MIT 
2. Cal. Tech. 
3. Tsinghua 
Univ. 

4. CNRS 
5. Wuhan 
Univ. 

1. UC Berkeley 
2. USDA Agr. 
Res. Center 

3. US Deprt. 
Agr. 

4. Univ. Sao 
Paolo 

5. Oak Ridge 
Nat. Lab. 

1. Nat. 
Renewable 
Energy Lab. 

2. Tsinghua 
Univ. 

3. Aalborg 
Univ. 

4. Danmarks 
Tek. Univ. 

5. North China 
Elect. Pow. 
Univ. 

3 1. European Org. 
for Nuclear 
Research, 
Geneve, 
Switzerland 

2. Tata Inst. of 
Fund. Research, 
Mumbai, India 

3. Univ. Bergen, 
Bergen, Norway 

1. Max Planck 
Institute for 
Solid State 
Research, 
Stuttgart, 
Germany 

2. ETH Zurich, 
Zurich, 
Switzerland 

3. University of 
Ontario Oshawa, 

1. Univ. of the 
Ryukyus, 
Nakagami 
District, Japan 

2. Princeton 
University, 
Princeton, 
USA 

3. Nagoya 
University, 
Nagoya, Japan 

1. Northwester
n University, 
Evanston, 
USA 

2. Northwester
n University, 
Evanston, 
USA 

3. Purdue 
University, 
Lafayette, 

1. Univ. of 
Utah, Salt 
Lake City, 
USA 

2. University 
College Cork, 
Cork, Ireland 

3. Univ. of 
Groningen, 
Groningen, 
Netherlands 

1. Univ. of the 
Ryukyus, 
Nakagami 
District, Japan 

2. University of 
Ontario 
Oshawa, 
Canada 

3. Aalborg 
Univ., 
Aalborg, 
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Canada USA Denmark 
 

Moreover, a difference of Thermoelectric Energy from 
Solar Energy can be explained by the prospects of 
thermoelectricity. But thermoelectric converters may not 
always be independent sources of electricity; often they are 
additional or auxiliary to improve the environmental 
situation [50]. Only thermoelectric energy conversion is used 
in practice much less often than photovoltaic one. 
Accordingly, the number of published works on the tag 
"Thermoelectric Energy" is 12% (Fig. 1, b). 

Much fewer works relate to Biofuel Energy (4%), 
Geothermal Energy (4%), Hydro Energy (3%). But there is a 
rather powerful practical implementation. That is, there are a 
large number of players on the market that commercially 
implement these trends, with great support at the state level 
and using their natural and productive potential. Therefore, 
the impact of this small percentage of publications is rather 
high (Fig. 1, a). 

Given the relevance of quotes in the directions (Table 2) 
and multiplying this value by the values of the h-index and 
the number of publications, we obtain certain normalized 
values of these parameters (Figure 2). We do not do this for 
the tag "Energy" in order to adequately compare individual 
types of renewable energy. As can be seen in Fig. 2, the data 

are fully consistent with the above mentioned conclusions 
and assumptions. 

It is interesting to note the fact that the normalized value 
of the number of publications indicates a greater number of 
papers published in recent years than papers that have high 
links only for the term "Thermoelectric Energy" (Fig. 2b). It 
means that there are quite new publications in this area, as 
well as an increase in interest in this topic in recent years. 

Part of statistical data on publications is given in Table 
2. Analysis of this table shows us that the United States and 
China are leaders in energy-related publications, including 
renewable energy. Also we can see that there are countries 
with national energy priorities. They occupy different 
positions in this table, depending on a certain type of 
renewable energy. This is often due to the geographical 
location of the country or its own state policy. Both the 
United States and China are geographically located in 
different geographic zones, and each of these states has 
powerful research centers. Therefore, their 1st and 2nd 
positions are obvious. Germany, UK, India, Japan, Canada, 
Italy, France are countries that have chosen energy security 
as their national interest. 

 
a) 
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b) 
Fig. 2. Normalized values of the h-index (a) and the number of publications (b) in scientific areas. 

For example, India declared a transition to 100% 
renewables by 2022. The basis of renewable energy in India 
will be solar power. Therefore, India ranked 3rd in the world 
by the number of publications in solar energy. The same is 
true in the production of solar electricity. China (52 GW), the 
United States (12.5 GW) and India (9 GW) are leading in the 
development of solar energy [30].  

The situation with research centers that occupy leading 
positions in the number of publications is slightly different 
from the ranking by state. There are centers that, as it turned 
out, are explicit leaders in energy research. Moreover, this 
can simultaneously be the development of a policy on the 
environmental norms of energy sources, and the development 
of fundamentally new materials and devices. That is, there 
are organizations that have gained an undeniable positive 
reputation (Table 2, Line 2): CNRS, University of Tokyo, 
UC Berkeley, MIT, NASA Goddart Space Flight Center, 
National Renewable Energy Laboratory, California Institute 
of Technology, Tsinghua University, Technical University of 
Denmark, etc.  

But even more interesting is the third line, which lists the 
centers that are the most cited in their industry. Selection was 
carried out on the most cited researchers from these centers 
(affiliation of the most recognized scientists is given). In 
thermoelectricity, the first two positions are occupied by the 
same university: Northwestern University (USA). In other 

directions, the listed institutions are not included in the list of 
organizations from line 2. The total number of publications 
of the authors from the institutions indicated in line 3 is 
smaller, but they are the flagships, i.e., those who are a 
“trendsetter”. 

And it turns out that these “trendsetters” present 
organizations not only from the USA, Canada, Japan, 
Germany, India, but also from Switzerland, Norway, 
Denmark, the Netherlands, which are not included in the list 
of states in line 1. That is, if a certain state is not included in 
the list of those states that publish the largest number of 
publications, nevertheless, researchers from them can claim 
the highest positions in the rank of world scholars. And 
secondly, it was very interesting to find a certain "bias" in 
those organizations where the most cited researchers work, 
towards the Scandinavian states. On the other hand, the states 
listed in line 3 have the largest number of Nobel laureates. 
This confirms once again that the statistics on open data of 
international scientific and metrological databases give a 
possible result and contributes to providing reliable 
conclusions.  

3.2. Renewable energy state in Ukraine 

Similar studies have been carried out for publications by 
researchers from Ukraine (Fig. 3). 

 
a) 

 
b) 
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Fig. 3. The total h-index (a) and the total number of Ukrainian publications in percent (b) related to energy in general and 
individual renewable energy sources. 

	
Fig. 4. Comparison of the total h-indices of publications in different directions of renewable energy to the h-index of 

publications of Ukrainian researchers in the same directions. 

 

Fig. 4 shows a comparison of h-indices of publications in 
different directions for Ukrainian researchers to the world’s 
ones. We can see that the general character for most tags is 
retained. However, there are some significant differences that 
need to be analyzed in detail. 

It is clear that the direction “Geothermal Energy” has a 
significantly smaller number of publications, as well as 
citation indices. Considering the geographical location of 
Ukraine, this is not surprising, as the country does not have 
powerful geothermal sources, and launching the mass 
production of heat pumps requires significant financial costs. 
Therefore, despite the existence of individual companies that 
have their own elaborations [51], their use is not as massive 
as the purchase of well-known international brands. 
However, the availability of a number of patents and tested 
prototypes show technical potential in the presence of 
appropriate investments. 

Ukraine is characterized by continental climate. It 
borders on European countries that are characterized by 
different climatic zones [52]. This is an important reason for 
the emergence of stable wind streams near the climatic zones 
and, accordingly, a positive factor for the development of 
wind energy stations. 

Three largest trends that exist in the research market of 
Ukraine are the same as in the world, but with a slightly 
different distribution of priorities. The h-indices of the 
publications of researchers for which the host university is 
located in Ukraine are significantly lower than the h-indices 
that are analyzed here as the Global energy state of art 
(Fig. 3a). The number of publications with the tag "Solar 
Energy" is higher in Ukraine (45% in Ukraine versus 38% in 
the world). For “Wind Energy”, this value is lower for 
Ukraine (13% vs. 20% in the world). Also, it is interesting 
that the tag "Thermoelectric Energy" has the same 
percentage (12%). Similarly, “Biofuel Energy” (3%) and 

“Hydro Energy” (4%) remain practically unchanged in 
percentage terms. 

A good trend is increasing of this percentage for “Hybrid 
Energy” (up to 23% compared to 19% in the world). This 
means that technically Ukrainian scientists are more likely to 
create new systems based on modern technological solutions.  

The largest number of publications in Ukraine on the tag 
"Energy" refers to such areas as Physics, Materials Science, 
Engineering, and Chemistry. That is, it is mainly high-tech 
results (almost 80% of all publications), while around 40% 
of the publications on the tag "Energy" are found in the 
world, while the rest is related to device engineering, 
environmental issues, economics, etc. It can be concluded 
that there are far fewer studies in Ukraine that justify 
economic forecasting on the appropriateness of certain 
research areas, the social sphere of adaptation of the final 
product (feasibility of researching technologies or materials 
that, for example, contain environmentally hazardous 
substances), and meet its national market’s needs. Ukrainian 
researchers can receive extremely important and relevant 
results in high-tech areas. But the lack of a material base is a 
barrier that hinders their industrial application. 

In order to better demonstrate the relation between 
Ukrainian achievements and the current state of publications 
in the world, diagrams were developed. They show relative 
values of h-indices and the number of publications (Figures 
5, 6). In these diagrams, the lowest values show the highest 
potential of Ukrainian researchers' achievements (inverse 
character). 

We consider the directions in which values shown in Fig. 
5 and Fig. 6 are the lowest and which, with high probability, 
can be attributed to high tech, and analyze the most 
interesting publications to see the difference in the obtained 
results between the leading researchers in the world and in 
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Ukraine. These directions are “Solar Energy” and 
“Thermoelectric Energy”.  

For “Solar Energy”, as already mentioned above, the 
most cited are studies on the properties of TiO2. A lot of 
other publications also relate to photovoltaic material 
science, but there is one trend – the most popular 
publications are the papers devoted to new materials that can 
be effective and cheap at the same time. These are, for 
example, polymer-based materials [53-58] or hybrid and 
nanostructured materials of different composition [59-61]. 
Significantly fewer works refer to constructive solutions or 
signal conversion and measurement systems.  

The most cited publication with the participation of 
Ukrainian researchers concerns the development of a new 
type of photovoltaic cell - a hybrid photovoltaic cell, which 
will use excessive heat in its work. This idea solves several 
problems. It increases the efficiency of the photocell (30-
40% as indicated in this work) and the life of the operation, 
as conventional photocells over time reduce their efficiency 
due to constant heating. Other publications in the field of 
photoelectric material science also show high modern 

achievements. This is, in particular, the development of 
cheaper and more efficient thin-film photocells [62-69]. It is 
important that most publications have the nature of 
fundamental research in the physics of semiconductors, as 
well as final practical application in the way of testing 
obtained parameters to work as a photocell. Such semi-
empirical approaches that combine research in materials 
science, elaboration of technology for obtaining low-
dimensional structures and showing the prospect of use are a 
feature of Ukrainian scientists. The lack of mass high-tech 
production in the country does not allow the production of 
industrial designs. Therefore, the output is laboratory testing, 
which often did not have the opportunity to be implemented. 
Though this trend was the only one in the period 1990-2010, 
recently situating has been changed. One of the reasons is 
that very often representatives of major scientific centers are 
in co-authorship with Ukrainian scientists. Due to this, there 
was a possibility to launch such developments on the market. 
But still, it has not become a mass phenomenon. And 
developments in the field of Solar Energy, which are 
continuing in Ukraine today, still require extensive 
international cooperation. 

 
Fig. 5. The ratio of h-indices by directions (hglob/hukr) 
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Fig. 6. The ratio of the number of publications by directions (Nglob/Nukr). 

 

The most cited publication in the world within the tag 
"Thermoelectric Energy" is research paper [50]. This is 
review in which an analysis of modern thermoelectric 
materials for their use as n- and p-type elements of the 
thermoelectric module has been done. For a wide range of 
temperatures, materials with the highest values of 
dimensionless thermoelectric quantum well ZT as the main 
indicator of the quality of the material for thermoelectric 
application are determined. Among commercial materials, 
PbTe-based compounds (medium temperature range), Bi2Te3 
(low and room temperatures) and SiGe (high temperatures) 
are the most appropriate. Also new and economically 
feasible materials such as half-Heusler alloys, skutterudites 
(CoSb3-based materials), cobaltite oxides (NaxCoO2 and 
others like those based on the Ca-Co-O system) and Zintl 
compounds (Zn-Sb-based materials) were studied.   

However, materials with microstructural inclusions of 
the type LAST (PbAgSbTe), TAGS (GeAgSbTe) are 
determined as the most industrially important materials. The 
following citation applies to thin film thermoelectric 
refrigeration units [70]. In particular, it has been shown that 
the transition to superlattice materials causes a significant 
increase in thermoelectric characteristics compared to bulk 
materials. Among other highly cited publications, we should 
mention a group of papers [71-75], where the authors 
substantiate the importance of research and show the 
effectiveness of the practical application of systems based on 
low-dimensional thermoelectric materials. The papers study 
not only the perspective of superlattice, as in the previous 
work [70], but also such approaches as the influence of the 
oscillation of thermoelectric parameters and the 
consideration of quantum-dimensional effects [74, 75]. 
Another part of the publications [76-80] deals with new 
multicomponent semiconductor materials for 
thermoelectricity.  

These are materials with nanoinclusions, and materials in 
which the efficiency is regulated through the control of the 
composition of the final compound and the development of 

technologies for the synthesis of these materials and the 
methods of forming individual thermoelements. Moreover, 
the number of publications on the study of nanostructured 
materials for thermoelectricity is increasing every year, 
which was 2.4% of the total number of publications in 1996, 
14.4% in 2006, and 39.1% in 2016 [81]. Considering the 
value of ZT as the efficiency of thermoelectric materials, the 
highest values for AgPbmSbTe2+m are 2.2 [76], 1.7 [82] or 1.5 
[83]. That is, the PbTe-based materials have a stable high 
value of ZT today. Other materials have not yet reached such 
values. ZT directly influences on the efficiency of the 
terminal thermoelectric converter [50]. 

As for the research of Ukrainian scholars, despite a much 
smaller number of publications, two main directions can be 
distinguished: thermoelectric material science [84-86] and 
thermoelectric devices [87-89]. The world thermoelectric 
community is also actively involved in the development of 
thermoelectric devices. In the world, there are much more 
large manufacturing companies, which specialize in 
producing ready-made TEG (thermoelectric generators) than 
in Ukraine.  However, the percentage of publications on 
topics is much higher in Ukraine. This can be caused by a 
number of large industrial centres, the leading of which is the 
company ALTEK (Chernivtsi).  It operates on the basis of 
the Institute of Thermoelectricity. Other research centers are 
located at universities and do not have manufacturing 
facilities. However, the obtained results commensurate with 
the world’s ones. Thus, in [90], the value ZT ~ 2.2 for 
Pb18Ag2Te20 was obtained. The creation of conducting nano-
channels around macroscopic grains for increasing of the 
thermoelectric parameters in pressed bulk materials was 
implemented by the first time in [91]. The first studies of 
quantum-dimensional effects in PbTe-type binary materials 
were studied jointly in Kharkiv Polytechnic Institute 
(Ukraine) and MIT (USA) [85] or for multicomponent LATT 
compounds (Pb-Ag-Sn-Te) in recent paper [92]. 

Therefore, we see that scientists from Ukrainian 
universities are gaining significant results in 
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thermoelectricity, which cannot always be practically 
applied. One of the possible solutions is close cooperation 
with researchers from other countries. In particular, the 
formation of large consortia, for example within the Horizon 
2020 program, will facilitate an efficient and fast process of 
commercialization of the results. These consortia include 
both research centers and industrial companies that are an 
impetus for the development of new technologies. 

As for other areas (tags) “Bioenergy’” is becoming more 
popular and promising in Ukraine. Although a number of 
publications in this area are rather low, the simultaneous 
analysis of hglob / hukr and Nglob / Nukr indicates a lack of a 
high h-index, but at the same time, there is the growth in the 
number of publications in recent years. There are two 
important reasons for this: a lot of agricultural enterprises 
want to use waste (I) and the need and state support for the 
most extensive renewable energy (II). In addition, the issue 
of rational nature use in growing and using resources for 
bioenergy is important for Ukraine. 

Regarding the world's leading research in the field of 
Bioenergy, development of biofuels is the most crucial, since 
today biofuels give 10% of the world's energy from 
renewable sources [93]. The analysis of publications shows 
that from the point of view of renewable energy, "Bioenergy" 
includes primarily "Biofuels" as a study of the possibilities of 
obtaining various types of fuel through the cultivation of 
certain crops, as well as the receipt of fuel as a result of 
waste processing, including, agricultural [94-103]. However, 
there are publications dealing with high-tech industries for 
biofuels, for example, methods and approaches to chemistry, 
biochemistry and biotechnology [104-106], as well as 
general questions on the policy of biofuel development in the 
world, regulation of legislation and improvement of the 
environmental situation [108-110]. 

The most cited publications with the participation of 
Ukrainian researchers, as well as the most recent publications 
concern the development of "general rules" in the 
international market for renewable energy and climate 
change [111-114]. There are fewer publications on Biofuel 
Energy prospects [115]. However, for Ukraine, the efficient 
use of agricultural resources, including biomass, is a very 
important issue [116]. Most of the publications on the 
narrower direction of "Biofuel Energy" are rather new, from 
2016-2017. It indicates the novelty and relevance of this 
issue in Ukraine. Rational use of biomass potential is a viable 
alternative to solving food and energy security problems in 
the face of unlimited demand for food and energy in today's 
society. After the analysis of publications we see that 
legislative initiatives that must be in line with international 
requirements for emissions or utilization of agricultural 
wastes are already actively implemented by large-scale 
agricultural companies. However, in Ukraine, the bioenergy 
market is only being formed and legal norms are just being 
established. Therefore, there is a scientific problem that 
needs to be solved. It deals with international acts that should 
be in line with existing internal regional agreements. They 
have to take into account the different regional peculiarities. 
Therefore, there is also the need to establish international 
contacts between scientists, but unlike thermoelectricity, 

such cooperation should primarily concern the practical 
implementation in the Ukrainian market, as one of the 
world's largest agricultural markets. 

The same conclusions are also followed if we introduce 
a certain normalized h-index of publications by Ukrainian 
researchers h = 10·hukr / hglobal. Here the result is multiplied 
by 10, because the analysis of share is less perceptible than 
units (Fig. 7). 

 

 
Fig. 7. Normalized h-index of publications of Ukrainian 

researchers (10·hukr / hglobal). 

 

Figure 7 illustrates the need to start new research with 
good scientific background. The closer the curve is to zero, 
the greater need is for qualitative research for Ukraine. First 
of all, as a priority, national research centers need to focus on 
"Biofuel Energy" as a promising industry with a clear lack of 
a scientific component. Such recommendations for the 
structures that form the state policy of Ukraine (the National 
Academy of Sciences of Ukraine, the Ministry of Education 
and Science of Ukraine, as well as the National Science 
Foundation, which is currently being formed) have to be 
taken into account. But, we must remember that the balance 
should be kept. If there are significant scientific results in 
any other field, the international cooperation is to be 
established and results have to be brought to the market. 

4. Conclusions and Policy Implications 

If we want to adequately predict the development of 
renewable energy, it is necessary to take into account a 
number of factors simultaneously. This is not only the price 
or the availability of the systems themselves. These factors 
are derived from the basic ones, the main for which is the 
state of art of research achievements. But not only will the 
results of specific research be decisive for the development 
of entire industries. It is necessary to take into account the 
dynamics of obtaining such results, their quality and the 
possibility of dissemination. That is why, the multifactorial 
analysis of scientific publications, as the main method of 
dissemination of scientific research results, comes to the 
fore. Regarding the various factors that follow from the 
statistics of scientific publications, the main factor is index of 
the perception of research results by the scientific 



INTERNATIONAL	JOURNAL	of	RENEWABLE	ENERGY	RESEARCH		
Nykyruy	et	al.,	Vol.8,	No.4,	December,		2018	

	 2579	

community, or, as it is often called, the index of quotes, as 
well as the number of publications by year and by sector. It is 
expedient to use a variety of coefficients to determine the 
relationship between the quality and quantity of publications, 
or the correlation between quality or quantity of publications 
in the world and in a particular country, like Ukraine.  

In the field of renewable energy, such an analysis needs 
to be carried out in the same way as for publications under 
the basic tags "Energy" or "Renewable Energy", as well as in 
the main directions, which includes the above-mentioned 
more general tags: "Solar Energy", "Wind Energy", 
"Geothermal Energy", "Biofuel", "Thermoelectric Energy". 
In order to determine the prospects for the development of 
renewable energy in a particular region, for example 
Ukraine, it is necessary to carry out the entire spectrum of 
research on the overall state of development of renewable 
energy in the world, as well as for its state in Ukraine. 
However, the same method can be successfully transferred to 
any other state. This makes this approach sufficiently 
versatile and realistic. 

From this paper one can draw a number of conclusions: 

1. The amount of scientific publications on the subject 
of renewable energy is directly determined by the economic 
state of the country in which the research is carried out. The 
quality of scientific publications or their citation also 
depends on the level of research funding. Publications of 
researchers from economically less powerful states may also 
have competitive scientific results. However, due to the lack 
of "open access", which often requires additional funding, 
such publications are less well-known to scholars from other 
countries, and therefore their "visibility" is lower for both the 
scientific community and for manufacturing companies as 
potential future donors 

2. Studies on renewable energy in Ukraine correspond 
to the same laws as research in the world as a whole. This 
shows the possibility of a successful transfer of the 
methodology for studying the status of similar studies in any 
other country. However, quantitatively, such studies are 
significantly inferior to research in other countries. Given the 
fact that Ukraine has a sufficiently high scientific potential, 
i.e. a large number of universities and research institutes of 
the National Academy of Sciences, in quantitative terms such 
studies are determined primarily by the level of funding, not 
the number of institutions. 

3. A qualitative analysis of renewable energy research 
in Ukraine shows a high scientific potential in the following 
renewable energy sectors, which are primarily related to 
materials science: Solar Energy, Thermoelectricity, medium 
potential in the direction of Wind Energy and low research 
potential in other directions. The economic potential of 
Ukraine points to high energy production needs from 
renewable sources. The most favorable directions for 
investors are "Biofuel" and "Wind Energy". Other areas are 
relevant because of the existence of a "feed-in tariff" ("Solar 
Energy") and the need to address the environmental demands 
for heat recovery ("Thermoelectricity"). 

4. The methodology proposed in this paper may be the 
basis for future research on specific areas of renewable 

energy. The analysis of the quality of published research 
results is unified source of information for compiling 
professional business plans for large companies that want to 
enter new markets or startups during implementation of new 
ideas in the sphere of renewable energy. In order for 
publications to have a positive impact on economic 
development for countries such as Ukraine, they must be 
accessible to the R&D community as much as possible. As 
one of the most effective options, it may be collaborative 
international research with resulting review papers. 
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