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Abstract. This research aims to analyse the evolutionary development of
the scientific treatises devoted to the national economic energy efficiency.
To attain the paper's goal, this study is carried out in the following logical
sequence: 1) identification and generation of the necessary relevant data: 2)
analysis of keywords co-occurrence to determine the promising research
areas on energy efficiency. The authors used keywords "energy policy",
"energy efficiency", "sustainable development" to generate the relevant
study sample. Thus, the study sample consists of 48,888 publications
indexed by the scientometric databases Scopus and Web of Science. The
study period is 2000-2020. Visualization of the bibliometric analysis results
concerning the national economic energy efficiency management was
conducted using the VOSviewer software v.1.6.10. The co-occurrence
network map identified the six stages of evolutionary development of
scientific treatises on the national economic energy efficiency. Besides, the
authors applied Google Trends tools to analyse 2,172 internet search queries
regarding the social concern in energy efficiency. In the study, the authors
conclude that the scientific society has not yet reached a consensus in
identifying key determinants of energy efficiency under the national
economy transition to a carbon-free development model. The research
results can be helpful for scholars investigating the determinants of
developing the national economic energy efficiency.

1 Introduction

The development of an energy efficiency roadmap of the national economy has flourished
since the last decade. In turn, many Ukrainian and foreign scholars have cooperated to
explore energy efficiency and the critical determinants influencing the national economic
energy efficiency.

The analysis of analytical reports by the American Council for an Energy-Efficient
Economy and several research centres [1-5] indicated the correlation between the national
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economic energy efficiency and the energy savings potential, the investment attractiveness,
and the economic impact on the environment.

In the papers [8, 7], the authors conducted the bibliometric analysis of existing treatises
devoted to renewable energy and energy efficiency. Therefore, the findings revealed new
directions for national economic decarbonization [9] raise by energy efficiency growth under
simultaneous development of alternative and environmentally friendly fuels.

It is advisable to consider the general energy efficiency trends concerning the country's
GDP [10]. Thus, in the papers [10; 11], the researchers developed the integrated energy
efficiency indices considering the IDA method [10] and the energy policy asynchrony in
Ukraine and the EU countries [11].

Besides, it stands to mention the scientific publications in the field of resource-saving
activities [12] and socio-ecological responsibility [12-17]. Notably, in the study [16], the
findings indicated the environmental and social entrepreneurship development to the
sustainable development of the national economy.

On the other hand, more scientists investigate the green bond markets, investments [15-
22], decarbonized financial markets [3; 22], and energy-efficient (carbon-free) innovations
[17,23-28]. It is worth highlighting that these scientific treatises are a strong background for
further analytical research in green competitiveness as a crucial vector of green business
development in Ukraine and the world [29-31]. Besides, it contributes to reforming and
building a new green (environmental) taxation [32], which would reduce the tax burden on
green activities [33].

Several scientists studied the development of the smart grid [34-36], environmental
management, and green marketing (branding) [37-38] as crucial tools for improving the
national economic energy efficiency in the process of carbon-free development.

Notably, a detailed analysis of the preconditions for the national economic energy
efficiency indicated that many countries reset their priorities in the energy sector
development nowadays. They actively implement the reforms to modernize and re-profile
the direction of energy production. Thus, the mentioned above indicates the necessity to
monitor the energy system state and the environmental situation in the country [40]. The
findings showed that the most promising research areas were alternative energy sources and
carbon-free economic development [41-43].

Indeed, the EU countries showed progress in implementing the critical vector under the
National Energy Efficiency Action Plans for 2007-2020 (The 20-20-20 Goals) [45].
However, there is a significant gap in Ukraine. The share of renewable energy sources in the
final energy consumption has reached only 11%, while the level of energy efficiency has
increased by 9%. Moreover, endorsed to the Paris Climate Agreement [46], Ukraine has
targeted 40% CO2 emissions reduction by 40% by 2030 compared to 1990. Figure 1 shows
the dynamics of CO2 emissions per capita in Ukraine and the EU from 2000 to 2020.

Figure 1 demonstrates the insignificant fluctuations in the CO2 emissions in many
countries. In turn, in Ukraine, the CO2 emissions decreased by 7% in 2020 compared to 2014,
while the minimal level of CO2 emission was in 2015 (4,984 t/capita). It stands to mention
that this reduction resulted from political and territorial changes in the country and extensive
industrial shutdown.

It bears noting that the statistical data analysis indicates that Ukraine would not reach a
40% reduction in CO2 emissions, especially during the current crisis.

For studying the economic energy efficiency, this research involved the world country
ranking of energy efficiency by a non-profit organization — the American Council on Energy
Efficiency [2]. Figure 2 shows the results of the world country ranking of energy efficiency
by economic sectors.
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Fig. 1. Dynamics of CO2 emissions per capita in Ukraine and the EU (2000 -2020).
Source: developed by the authors based on [47].

According to the rating mentioned above, the highest score for each item is 25 points.
Herewith, France (17.5) and Italy (17) have the highest level of energy efficiency in the
transport system. In turn, it is almost half as lower (8.5) in Ukraine, which is caused by the
slow introduction and modernization of electric vehicles in the public auto park.

On the other hand, the highest level of industrial energy efficiency was in Japan (21.5),
Italy, and Germany (20.5). In Ukraine, this value reached 13 points, which was better than in
Poland (10). Indeed, the assessment of energy efficiency rating allows determining the
current industries' energy efficiency, the level of exploration of energy-saving technologies,
closed cycles in production, and rational and intensive use of resources, etc.
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Fig. 2. The world country ranking of energy efficiency by economic sectors (2017-2018).

Sources: developed by the authors based on [2].
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Figure 2 demonstrates that Ukraine has the worst score in the construction sector
compared to other industries (6.5). In turn, the best score was in Spain (22) and France, Great
Britain, and the Netherlands (21). The lowest score was recorded in Thailand (5.5). Notably,
low energy efficiency in the construction industry of Ukraine is caused by a significant
proportion of energy-inefficient buildings. Moreover, Ukraine is only in the initial stage of
implementing energy-efficient and European standards in construction.

The overall leading positions of the economic energy-efficient ranking were in Germany
(22), Great Britain (18.5), and Italy (18). Notably, Ukraine ranked 19th, while it is ahead of
Brazil, Thailand, South Africa, the United Arab Emirates, and Saudi Arabia.

2 Materials and Methods

This paper was conducted in several stages investigating scientific treatises devoted to
developing the national economic energy efficiency management. The first study stage is
aimed to identify and generate the necessary relevant data in the scientometric databases
Scopus and Web of Science and the internet search engine Google applying Google Trends
tools.

The second stage provided the co-occurrence analysis to determine the promising
research areas on energy efficiency. Generating the study sample was delivered using the
keywords "energy policy", "energy efficiency”, "sustainable development", which resulted
in the study sample of 48,888 publications and 21,725 search queries.

To visualize the findings, the VOSviewer software tool was used. It allowed creating the
network maps of keyword co-occurrence identifying the research areas in the economic
energy efficiency. Notably, the visualized network map consists of circles that differ by size
and colour, with a particular colour indicating the cluster. The larger the circle is, the higher
is the item occurrence in the publications analysed. Besides, each circle has links with others.
The longer link means the weaker strength between the two items.

3 Results and discussions

At the first stage, the findings on the analysis of publications indexed by Scopus and Web of
Science have showed the growing publication activity on energy efficiency since 2014. Thus,
2014 is a turning point in the growing scientific involvement in studying energy efficiency
worldwide. Besides, the number of Google searches increased. It allowed assuming the social
concern growth on developing energy efficiency.

In the second stage of this study, the interdisciplinary relationships of publications on the
national economic energy efficiency were clustered. Therefore, the keyword co-occurrence
analysis identified six interdisciplinary clusters of research on energy efficiency under the
national economy transition to the carbon-free model. Figure 3 visualizes these findings.

Thus, the obtained results showed that the most significant cluster (red) could be named
"The government regulation of the energy sector". This cluster consists of 309 terms covering
the aspects of government energy efficiency regulation. Besides, it stands to mention the
keyword "energy policy", whose frequency of co-occurrence in the study sample is 2,563,
while the link strength is 915.

The second, green cluster, "Sustainable development of the national economic energy
sector", combines 188 terms related to the study of sustainable development in the energy
sector. In this cluster, the co-occurrence frequency of the keyword "sustainable development"
is 2,463, while the link strength is 915.

The third, blue cluster, "Energy sector influence on the environment", combines 182
terms related to the environmental impact issues from the energy sector. The main keyword
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in the cluster is "fossil fuel". The co-occurrence frequency among the investigated scientific
publications is 633, with the link strength being 865.
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Fig. 3. The network map of the interdisciplinary relationships among the publications devoted to the
national economic energy efficiency.

Sources: developed by the authors using VOSviewer software tools.

The yellow cluster, "Tools for developing the national economic energy efficiency",
combines 134 terms. This cluster indicates the broad scientific concern in investigating the
practical tools for enhancing the national economic energy efficiency. The keyword "energy
efficiency" has the high co-occurrence frequency of 1,528, while the link strength is 911.

The fifth, purple cluster, "Green technologies in developing the national economic energy
efficiency", comprises 80 terms. This cluster's main direction is to determine the influence of
green technologies implementation on improving the national economic energy efficiency.
Notably, the keyword "sustainable energy" mainly appeared. The co-occurrence frequency
is 457, while the link strength is 801.

Finally, the sixth, cyan cluster, "Smart energy networks in the national economic energy
efficiency”, combines 27 terms related to investigating smart energy networks' role in the
national economic energy efficiency. The co-occurrence frequency of the keyword "smart
grids" is 325, and the link strength is 695.

Figure 3 shows the strong interconnection between investigated clusters. Therefore, the
mentioned above confirms the interdisciplinary nature of studies devoted to the national
economic energy efficiency.

On the other hand, Figure 4 visualizes the network map of evolutionary development of
the research directions in the national economic energy efficiency under sustainable and
carbon-free development.

The obtained results of the bibliometric analysis provided by VOSviewer v.1.6.10
allowed identifying and visualizing six stages of evolution of the investigated issue.

Thus, the first stage lasts until 2013. During this period, the main research direction was
studying the problems of the energy sector of the national economy and the negative impact
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of greenhouse gas emissions on the environment. In this case, it stands to mention the
scientists such as Henley N.D., McGregor P.G., Suels J.K., Terner K. [48], and others [5].

The second stage bore a date from 2013 to 2014. In this period, the scientists primarily
investigated energy-saving as a new vector of state policy in ensuring the energy security of
the national economy.

The third stage was from 2014 to 2015. During this period, the studies aimed at
investigating the determinants of the national economic energy efficiency growth to achieve
sustainable development goals. In this research direction, it is worth mentioning the scientists
Gilleo A., Chittum A., Farley K., Neubauer M., Novak S., Ribeiro D., Vaidyanatan S. [1].

The fourth stage dated from 2015 to 2016. Herewith, the Ukrainian and foreign scientists
[49] focused on developing the tools for green energy promotion and assessing the efficiency
of renewable energy sources in the national economic energy efficiency growth.

The fifth stage bore a date from 2016 to 2017. The scientists [50] mainly studied the
energy services, the green investment role in energy-efficient projects, etc.

Finally, the sixth stage began in 2017. The results showed that more scientists investigate
the determinants of energy efficiency under the transition to a carbon-free model of the
national economy [12; 51-118].
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Fig. 4. The evolutionary development network map of research focused on national economic energy
efficiency under sustainable and carbon-free development.

Sources: developed by the authors using VOSviewer software.

Therefore, the obtained results indicate the significant research interest in investigating
the development patterns of managing the national economic energy efficiency. Moreover,
the findings identified the prerequisites for developing an influential scientific school
exploring the impact of energy efficiency in the national carbon-free economic development.



E3S Web of Conferences 307, 09002 (2021)

DSDM —-2021

4 Discussion and conclusion

This paper provides a bibliometric analysis on developing the management patterns of the
national economic energy efficiency. Using VOSviewer software v. 1.6.10 allowed
identifying and visualizing the dynamics of scientific research devoted to the national energy
efficiency development. Thus, six main stages were determining the national energy
efficiency development. Thus, the first one combines the scientific documents published until
2013. The main research direction was to identify the problems in the national energy sector.
On the second stage dated from 2013 to 2014, the scientists mainly considered energy
conservation as a new vector of state policy to ensure the energy security of the national
economy. Then, from 2014 to 2015, the relevant research direction was the determinants of
national energy efficiency development in achieving sustainable development goals. The
green energy instruments in enhancing the national economic energy efficiency were
investigated from 2015 to 2016. Consequently, the research on attracting green investment
in energy-efficient projects were relevant from 2016 to 2017. Finally, since 2017 the main
research direction aimed at investigating the determinant to increase energy efficiency under
the transition to the national carbon-free economy.
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