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Abstract: To solve the contradiction between achieving long-term economic growth and reducing
the consumption of certain types of resources, the concept of sustainable resource saving economic
development must be put into practice. The purpose of this research is to establish criteria, develop
indicators, and identify factors of the sustainable energy-saving economic development, as well as to
test the developed theoretical provisions using the example of natural gas consumption by different
countries. To achieve this goal, various methods were used, including economic and mathematical
modeling, time series analysis, factor analysis, regression analysis, and so on. The criteria were
formalized, according to which a certain type of economic development can be attributed to energy
saving both at the level of the state economy as a whole and at the level of individual industries and
enterprises. It was established that the formalized criteria of the sustainable energy-saving economic
development have the form of chains of inequalities, and their application makes it possible to
identify the general conditions for ensuring this type of development. The main properties of
energy-saving economic development were identified. They include the pace of this development,
its potential, balance, permanence, and other characteristics. Indicators that can be used to quantify
these characteristics were developed. The factors influencing the scale and time characteristics
of sustainable energy-saving economic development at the level of the state economy and that of
industries and individual enterprises, were systematized. The dynamics of natural gas consumption
in different countries was analyzed. The reasons for the lack of energy-saving natural gas economic
development in some countries were identified. A quantitative assessment of the properties of this
type of economic development by country was conducted. The influence of some factors on the
parameters of the sustainable energy-saving natural gas economic development of countries was
analyzed. The existence of a negative effect of the rebound in the consumption of natural gas was
established at certain intervals in some countries. The obtained results provide an opportunity to
increase the degree of understanding of the complex patterns that underlie the sustainable energy-
saving economic development of states, industries, and enterprises. These results can also be used in
the development of government programs to stimulate energy conservation.

Keywords: energy-saving economic development; sustainability; energy consumption; energy
saving; energy efficiency; natural gas
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1. Introduction

The aims of improving living standards and decreasing unemployment rates are
still relevant for many countries [1,2]. Achieving these goals involves, first of all, the
acceleration of economic growth in these countries [3]. However, such growth often
requires additional resources, some of which are non-renewable and limited [4,5]. In
particular, we are talking about non-renewable types of energy [6], as well as forest, land,
water, and other resources [7,8]. Moreover, there is an urgent need for many countries to
reduce the consumption of certain types of resources they use [9,10].

This need arises for a number of reasons. In particular, one of them is the urgent need
to reduce the dependence of countries on imports of certain types of resources, especially
energy ones [11,12]. Another reason for the need to reduce the consumption of certain
types of resources is the significant costs associated with their extraction and use [13,14].
In addition, the need to reduce resource consumption may be related to the detrimental
impact of their consumption on the environment [15,16]. Finally, an important reason
justifying measures to reduce the use of non-renewable natural resources is the need to
leave them for future generations [17,18].

The solution of the contradiction between the achievement of long-term economic
growth and ensuring the reduction of certain types of resources consumption should be
carried out on the basis of sustainable resource-saving economic development [19,20]. It
should be noted that, in general, sustainable development can be interpreted as “devel-
opment that meets the needs of the present without compromising the ability of future
generations to meet their own needs” [21]. At the same time, there are a significant number
of goals and objectives of sustainable development [22], among which the economical
consumption of resources occupies a prominent place. In turn, important areas of resource
conservation are the replacement of non-renewable resources by renewable ones [23] and
the development of a circular economy [24]. Moreover, ensuring resource savings largely
depends on the validity of state regulatory policy in this area, in particular, the amount
of state financial assistance for the implementation of resource conservation measures by
enterprises and households [25,26].

It is important to note the fact that sustainable resource saving economic development
should be carried out both at the national level and at the level of individual regions,
industries, enterprises, and households [27,28]. At the same time, the role of enterprises in
achieving sustainable resource saving development is especially considerable, because the
realization of the goals and objectives of this development largely depends on them [29].

Non-renewable energy sources are one of the types of resources that governments aim
to decrease their consumption if, in particular natural gas [30]. This need is informed by the
reasons mentioned above. Accordingly, energy-saving economic development should be
considered as an important type of sustainable resource saving economic development [31].
It is important to note that sustainable energy-saving economic development is only one
component of sustainable development, as sustainable development also includes social,
environmental, and other components.

Considering the development features and patterns of sustainable energy-saving
economic development requires answers to a number of questions, which include: What
are the criteria for this type of economic development? What are its main properties and is
it possible to evaluate them with the help of certain indicators? What are the conditions of
sustainable energy-saving economic development and the factors that determine its level?
What patterns are inherent in this type of economic development? In this study, we tried to
find answers to these questions. Its purpose is to establish criteria, develop indicators, and
identify factors of sustainable energy-saving economic development as well as to test the
developed theoretical provisions on the example of natural gas consumption by different
countries. Accordingly, the theoretical and methodological principles of the formation
and evaluation of sustainable energy-saving economic development were the subjects of
the study. In the process of achieving the study goals, a number of results were obtained,
which contain elements of scientific novelty.
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Firstly, the novel criteria were formalized, according to which a certain type of eco-
nomic development can be attributed to energy saving both at the level of the state economy
as a whole and at the level of individual industries and enterprises. It is established that
the formalized criteria of sustainable energy-saving economic development have the form
of chains of inequalities, and their application makes it possible to identify the general
conditions for ensuring this type of development. These results are presented in Section 3.1.

Secondly, for the first time, the main properties of energy-saving economic develop-
ment were identified. In particular, they include the pace of this development, its potential,
balance, permanence, and other characteristics. We developed indicators that can be used
to quantitatively measure these properties and identify the main reasons that determine
their level. These results are presented in Section 3.2.

Thirdly, for the first time, the factors influencing the scale and time characteristics of
sustainable energy-saving economic development at the level of the whole economy, as
well as that of industries and individual enterprises, were systematized. In particular, an
original model of the influence of factors on the rate of reducing the consumption of certain
energy sources, while ensuring long-term economic growth, was built. Factor models of
the current and future potential of sustainable energy-saving economic development were
also developed. These results are presented in Section 3.3.

Fourthly, on the basis of an empirical analysis of natural gas consumption in different
countries around the world, some previously unknown patterns of sustainable energy-
saving economic development were established. In particular, the reasons for the limited
nature of this type of development were identified and the factors leading to the lack of
sustainable energy-saving economic development in some countries were determined.
These results are presented in Section 4.

The obtained results provide an opportunity to increase the degree of understanding
of the complex patterns that underlie the sustainable energy-saving economic development
of states, industries, and enterprises. These results can also be used in the development of
government programs to stimulate resource conservation.

The paper is divided into several parts. In Section 2, a literature review on the research
topic is performed. Section 3 presents the methodological basis for the assessment of
sustainable energy-saving economic development. Section 4 provides an empirical analysis
of the research topic from a number of countries. Section 5 presents the conclusions and
discussion of the study results.

2. Literature Review

The issue of energy saving is currently one of the most studied in the scientific
literature on the economic aspects of energy consumption. In particular, scientists have
analyzed the factors that determine the possibility of reducing energy consumption [32],
identified barriers to energy efficiency increase [33], and have determined the means
by which these barriers can be overcome [34]. Scientists have paid special attention to
the development of green energy as a tool to reduce the consumption of fossil energy
resources [35].

However, the issue of ensuring sustainable energy-saving economic development
is much broader than the problem of energy saving, as this development involves the
achievement of long-term economic growth. At the same time, the results presented
in various publications examining the relationship between energy consumption and
economic growth are largely contradictory. In particular, for countries of the Organization
for Economic Cooperation and Development, economic growth has led to an increase
in energy consumption [36]. These conclusions apply to both short-term and long-term
periods. At the same time, in [37] the study of the parameters of the relationship between
the volume of natural gas use and economic development of countries revealed significant
differences between these parameters for the economies of China and Japan. The presence
of an inverse relationship between the volume of natural gas use and the change in the
value of the gross domestic product was found for some countries in the Persian Gulf [38].
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Notwithstanding, when considering the economies of twelve European countries, the
impact of natural gas consumption on economic development was defined only for the
long term [39]. However, the lack of such influence is observed for some countries of the
Organization of Petroleum Exporting Countries [40].

It is also worth noting the study conducted in [41] on the relationship between energy
consumption in the G7 countries and the index of sustainable economic well-being. It
was found that this index is only partially determined by energy consumption. However,
it is also possible to reduce energy consumption in the long-term perspective without
reducing the sustainable economic prosperity level. A study of energy consumption in the
economies of individual African countries [42] is also noteworthy. It showed that energy
consumption is inversely related to industrialization and stock market parameters.

One possible way to ensure economic growth while reducing the consumption of
fossil fuels is to replace them with renewable energy sources [43]. However, there is
disagreement among scientists on how powerful such means are of ensuring sustainable
energy-saving economic development. Thus, [44], pointed to the generally positive impact
of the transition on renewable energy consumption on economic growth rates for a number
of countries. Still, this applied only to 57% of the 38 countries examined. In [45], similar
results were obtained for the countries of the European Union. Moreover, according to
the results obtained in [46], the impact of renewable energy consumption on the economic
growth of the Black Sea and Balkan region countries was direct only for some of these
countries, including Ukraine.

The introduction of energy saving technologies should be mentioned among the
tools for ensuring sustainable energy-saving economic growth. However, the potential
for its implementation has not been fully exploited in many countries, necessitating the
identification of barriers to energy saving technological change. In particular, scientists have
identified information [47], economic [48], financial [49], and other types of barriers that
prevent the implementation of measures to improve the energy efficiency of enterprises [50].

In general, different authors identify slightly different types of major barriers to
implementing energy saving projects and suggest different ways to group these barriers.
As noted in [51], where 42 barriers to energy efficiency in USA industries were identified,
the issue of compiling an exhaustive list of such barriers remains open and may not be
fully addressed. Since there are many barriers to energy efficiency, the proposed ways to
overcome them are very diverse. In particular, they include providing consumers with
up-to-date information on energy efficiency [52], improving the ability of these consumers
to process such information [53], improving the investment climate [54], improving energy
audit [55], improving energy management [56], and so on. Additionally, some scientists pay
a lot of attention to the issue of state financial support for those enterprises that implement
measures to improve energy efficiency. In particular, as noted in [57], for this purpose it is
advisable to finance energy saving projects on a subsidy basis. Furthermore, according to
the authors of [58], an important area of public financial support for enterprises is their
preferential lending; however, the parameters of such lending must be carefully justified. At
the same time, it should be noted that overcoming barriers to energy efficiency by reducing
the consumption of certain energy resources does not always cause economic growth. In
other words, the removal of these barriers is not a prerequisite for energy-efficient economic
development.

In this case, additional difficulties can be caused by the so-called rebound effect of
energy consumption, when due to the reduction of energy capacity of products there is an
increase in energy consumption [59]. Nevertheless, the scientific results on the presence
and extent of this effect are very contradictory. For example, in [60], the presence of this
effect was not defined, while in [61] it was found that the effect of the rebound effect on
energy consumption is not significant.

Despite the large number of in-depth studies by various scientists on the relationship
between energy consumption and economic development, the conditions for ensuring
and regulating sustainable energy-saving economic development are currently not fully
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researched. In particular, taking into account the urgency of ensuring this type of economic
development, there is a need to establish criteria, develop evaluation indicators, and
identify the factors that cause it.

3. Material and Methods

The study of the patterns of sustainable energy-saving economic development requires
an array of necessary data and the use of appropriate methods. Thus, when considering
these patterns for a group of countries, we need, first of all, information about the macroeco-
nomic indicators of these countries and the volume of their consumption of different types
of energy resources The list of studied countries should be formed selectively, but in such
a way that the contribution of selected countries to the global values of macroeconomic
indicators (in particular, gross domestic product) and energy consumption is sufficiently
significant. Research methods should include economic-mathematical modeling, time se-
ries analysis, factor analysis, regression analysis, and so on. It is necessary to use software,
including Excel, STATISTICA, Statgraphics, etc. Most of these methods are well known
and do not require a separate description. The economic and mathematical models used
in this study are original, i.e., they have been developed by the authors of this article.
Therefore, Section 3 is devoted mainly to the justification and presentation of these models.
In particular, this applies to the modeling of criteria for sustainable energy-saving economic
development, the indicators for assessing its properties, and the factors shaping this type
of economic development.

3.1. The Essence, Criteria and Necessary Conditions for the Sustainable Energy-Saving Economic
Development

Sustainable energy-saving economic development should be understood as a process
of the long-term economic growth with a simultaneous reduction in the consumption of a
certain type of energy resource (or a set of such resources), although this process has the
potential to occur in the future. Further, this paper will consider the case of one type of
energy resource consumption. However, extrapolation of the received results in case of
several types of such resources will not cause significant additional difficulties. Thus, the
study of the patterns of the sustainable energy-saving economic development requires,
first of all, the selection of an indicator with the help of which the economic growth will
be evaluated. In the future, the gross domestic product (GDP) will be this indicator in
comparable prices. If we consider the case of the economy branch or that of an individual
enterprise, the indicator of their economic growth may be added value, because it directly
determines the total GDP of the country.

Taking into account these considerations, we established the criteria and identified
the necessary conditions for sustainable energy-saving economic development.

Let us consider firstly the economy level of a country as a whole. Provide that the
volumes of certain energy resource consumption and the value of the country’s GDP
in the reporting and basic years be known. Then, in order for energy-saving economic
development to take place in the reporting year compared to the basic year, it is necessary
to first ensure an increase in GDP, which means that the GDP index must exceed one. At
the same time, this index should not be too high, because in this case there will be an
increase in certain energy resources consumption. It is obvious that for this purpose the
GDP index should not exceed the energy efficiency index for the studied type of energy
resource (while energy efficiency in this case will mean the volume of GDP per unit of a
particular energy resource physical consumption). Taking this into account, the formalized
criterion of energy-saving economic development can be represented as the following chain
of inequalities:

1 < Ip < Ie f , (1)

where Ip—GDP index; Ief—energy efficiency index by the studied type of energy resources.
Therefore, in order for the process of energy-saving economic development to take

place, it is necessary to fulfill two main conditions, namely: (1) the energy efficiency index
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for the studied type of energy resources must exceed one; (2) the GDP index must satisfy
Expression (1). As for sustainable energy saving development, these conditions must occur
during previous years and be maintained in subsequent periods. This means that the
results of the sustainable energy-saving economic development assessment largely depend
on what time period is taken as a base. Further, the case of a constant base period will be
considered, meaning that all indicators will be compared with their past values for the
same year. With regard to the case of the variable base (in which the chain growth rates of
indicators are considered), it needs a separate consideration.

Let us now establish the criteria and necessary conditions for the ensuring sustainable
economic development at the level of the state economy and that of individual enterprises.
With this aim, first of all, we present the values of added value indices and consumption of
a particular energy resource as follows:

Iav = Iq·Iavp, (2)

Ie = Iq·Ieq, (3)

where Iav—added value index of the industry or enterprise; Iq—index of production
physical volumes; Iavp—specific added value index; Ie—index of a certain type of energy
resource consumption by industry (enterprise); Ieq—index of a particular energy resource
specific costs.

In order for energy-saving economic development to take place at the level of an
industry or enterprise, the Index (2) must be greater than one and the Index (3) smaller.
The first condition is equivalent because Iq is greater than the inverse of Iavp. The second
condition is equivalent because Iq is less than the inverse of Ieq. Accordingly, the index Iq
must satisfy the following expression:

1/Iavp < Iq < 1/Ieq, (4)

Taking into account Expression (4), the conditions for ensuring energy-saving eco-
nomic development of the industry (enterprise) are as follows: (1) the index of specific
added value must exceed the index of specific costs of a certain type of energy resource;
(2) the index of production physical volumes must exceed the inverse meaning of the
specific added value index; (3) the index of physical volumes of products manufacture
should be less than the inverse meaning of the specific cost index of a particular type of
energy resource. As for sustainable energy saving development, these conditions must
occur over a number of years and be maintained in subsequent periods.

3.2. Indicators for the Assessment of Sustainable Energy-Saving Economic Development

Sustainable energy-saving economic development both at the macro level and at the
level of industries and enterprises is characterized by a variety of properties. In turn,
the quantification of these properties requires the development and application of the
appropriate indicators. In this study, we developed mathematical expressions of such
indicators. These expressions are presented below.

In particular, one of the most important characteristics of sustainable energy-saving
economic development is its level. This level characterizes the degree of simultaneous
increase in the resulting indicator of economic growth (GDP, added value, etc.) and
a decrease in the physical consumption of a particular energy resource. In this case,
considering the diversity of the desired trends in these two parameters, when assessing
their dynamics, it is advisable to compare: for the resulting indicator, its reported value
with the basic; for the energy consumption indicator, its basic value with the reported one.



Energies 2021, 14, 5999 7 of 27

Then, the level of the sustainable energy-saving economic development for a certain period
of time (for a certain number of years) will be determined using the following expression:

l = min{αr, αe} = min

{
n−1

√
Rn

R1
− 1, n−1

√
E1

En
− 1

}
, (5)

where l—level (pace) of sustainable energy-saving economic development; αr—the average
growth rate of the resulting indicator of economic growth during the study period, the
share of the one; αe—average rate of a certain energy resource consumption reduction
during the studied period of time, the share of the one; n—number of years in the study
period; Rn, R1—the value of the resulting indicator, respectively, in the last and first years
of the study period, monetary units; E1, En—physical volumes of a certain energy resource
consumption in the first and last years of the studied period, respectively.

It should be noted that the indicators αr and αe from Expression (5) must satisfy
this equality:

(1 + αr)·(1 + αe) =
n−1

√
Rn/En

R1/E1
= n−1

√
en

e1
, (6)

where en, e1—efficiency of a certain energy resource use in the last and first years of the
studied period, respectively.

Note that Equation (6) is obtained by substituting the formulas for αr and αe from
Expression (5) to the left of this equation. Thus, Equation (6) is an algebraic identity that
describes the relationships between individual characteristics of energy-saving economic
development.

The characteristics of sustainable energy-saving economic development include the
degree of its uniformity. In this case, sustainable energy-saving economic development
will be considered completely uniform if the average growth rate of the resulting indicator
of economic growth over the studied period is equal to the average rate of reduction in
consumption of a particular energy resource during this period. From Equation (6), there is
the following condition of uniform energy-saving economic development:

(1 + αr)
n−1 = (1 + αe)

n−1 =

√
en

e1
, (7)

Accordingly, it is possible to assess the degree of uniformity of sustainable energy-
saving economic development by comparing the minimum and maximum values of growth
rates in Expression (5), it means the following:

l1 =
min{αr, αe}
max{αr, αe}

, (8)

where l1—the degree of uniformity of sustainable energy-saving economic development,
the share of one.

In this case, energy-saving economic development will be completely uniform if the
Indicator (8) is equal to one. It should also be noted that taking into account the Expressions
(5) and (7), Formula (8) can be presented in the equivalent form:

l1 =
l·(1 + l)

n−1
√

en
e1
− 1− l

, (9)

Thus, the degree of uniformity of sustainable energy-saving economic development
depends on the level of this development and the growth rate of the energy efficiency
indicator.

The indicators that characterize sustainable energy-saving economic development
should also include the magnitude of the available potential for economic growth and the
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available potential for energy consumption reduction. At the same time, the potential for
economic growth will be understood as the maximum possible increase in the value of
the resulting indicator at the current rate of energy efficiency growth, provided that the
consumption of a certain type of energy resource does not increase compared to its value
in the basic period. With regard to the potential for the energy consumption reduction, it
will mean the maximum possible reduction in consumption of a particular type of energy
resources, provided that the value of the economic growth resulting indicator does not
decrease compared to its value in the basic period. If we determine the value of these
two types of potential in relative expression, then, for this purpose we should solve the
following two equations, respectively:

Rn

en
=

R1·(1 + l2)
en

= E1, (10)

En·en = E1·(1− l3)·en = O1, (11)

where l2, l3—relative levels concerning the potential for economic growth and the reduction
potential of a certain type of energy resource consumption, the share of one.

From Equations (10) and (11), we obtain:

l2 =
en

e1
− 1, (12)

l3 = 1− e1

en
, (13)

With information on the potential levels for economic growth and the potential for the
consumption reduction of certain types of energy resources, as well as the actual volume of
increase in the resulting indicators and decrease in energy consumption, it is possible to
assess the degree of the actual use of the potential types. For this purpose, the following
mathematical expressions should be used:

l4 =
Rn − R1

R1·l2
=

Rn/R1 − 1
en/e1 − 1

, (14)

l5 =
E1 − En

E1·l3
=

1− En/E1

1− e1/en
, (15)

where l4, l5—the actual level of use concerning the potential for economic growth and the
potential for the consumption reduction of a certain type of energy resource, the share of
one.

After conducting the appropriate mathematical transformations, we can define that the
sum of Indicators (14) and (15) is always equal to one. This circumstance makes it possible
to assess the level of balance of the sustainable energy-saving economic development. In
this case, this development will be considered completely balanced if the value of each
of the Indicators (14) and (15) is 0.5. Then, the indicator of the balance of the sustainable
energy-saving economic development can be presented in the form:

l6 =
min{l4, l5}

0.5
, (16)

where l6—an indicator of the balance of sustainable energy-saving economic development,
the share of one.

As follows from Expressions (14)–(16), the maximum value of Expression (16) is one.
At the same time, the closer the value of this indicator approaches one, the more balanced
is the energy-saving economic development. Based on the formulas for the evaluation
of various properties of sustainable energy-saving economic development, it is possible
to establish the relationships between these properties, which are shown in Figure 1. In
particular, it can be seen that such a property as sustainability is a derivative of two
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other properties. They are the frequency and expected duration of the sustainable energy-
saving economic development in the future. Regarding the level of sustainable energy-
saving economic development, it depends on two characteristics of such development—the
average growth rate of the resulting indicator of economic growth and the average rate of
decline in consumption of a particular energy resource. These two characteristics determine
the minimum possible duration of sustainable energy-saving economic development in the
future. In turn, the level of sustainable energy-saving economic development, along with
the rate of growth of energy efficiency by the studied type of energy resource, determines
the degree of uniformity of sustainable energy-saving economic development. The balance
of this property of sustainable energy-saving economic development should be noted. At
the same time, its value is determined by the actual level of use of the potential to reduce
the consumption of a certain type of energy resource and the actual level of use of the
potential for economic growth.

Figure 1. Relationships between the properties of the sustainable energy-saving economic develop-
ment.

The frequency of the sustainable energy-saving economic development reflects the
prevalence of this type of economic development during the reporting period. To estimate
the frequency, it is necessary, for all n–1 years of the reporting period, starting from the
second year, to identify the type of economic development in comparison with the first year
of the period under study. Then, the frequency of the sustainable energy-saving economic
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development will be determined by the ratio of the actual number of years of the reporting
period in which this type of development is registered, to the maximum possible number
of such years (namely, to n–1).

With regard to the expected duration of the sustainable energy-saving economic devel-
opment in the future, it is obvious that this duration can only be estimated approximately.
In particular, if we assume that the level of energy efficiency for the studied type of en-
ergy will grow annually with a constant growth rate, then the desired duration of the
sustainable energy-saving economic development in the future will be determined from
the following equation:

En·(1 + α f )
T

(1 + β)T = E1, (17)

where αf—expected annual growth rate of the resulting indicator of economic growth,
share of one; T—the required duration of the sustainable energy saving development in
the future, years; β—expected annual growth rate of energy efficiency by the studied type
of energy resources, share of one.

From Equation (17) we obtain:

T =
ln(E1/En)

ln
(

1 + α f

)
− ln(1 + β)

, (18)

It is obvious that Formula (18) has economic meaning only if αf > β.
Taking into account the complexity of the forecast estimates of αf and β, it is also

advisable to consider the partial case in which αf is equal to αr from the Expression (5),
and β is equal to zero. This case does not require forecast estimates and is based on
the assumption that the average growth rate of the resulting indicator in the future will
not be less than in the past, and the level of energy efficiency according to the studied
resource will not decrease. Obtained under such assumptions, the numerical value of the
expected duration of the sustainable energy-saving economic development will be called
the minimum. The formula for its calculation is as follows:

Tmin =
ln(E1/En)

ln(1 + αr)
, (19)

where Tmin—the minimum possible duration of the sustainable energy-saving economic
development in the future, years.

Regarding the sustainability of energy-saving economic development, it is advisable
to assess it based on the above interpretation of the essence of this development type. Then,
the result of such an assessment will be the ratio of the sum of number of years in the
reporting period in which this type of development is recorded, and the estimated number
of years of its preservation in the future, to the number of years of the reporting period,
reduced by one:

l7 =
m + T
n− 1

=
m

n− 1
+

1
n− 1

· ln(E1/En)

ln
(

1 + α f

)
− ln(1 + β)

, (20)

where l7—the level of energy-saving economic development sustainability, the share of one;
m—the number of years during which this type of development is expected to continue in
the future, years.

If we consider the aforementioned indicator of the minimum possible expected dura-
tion of the sustainable energy-saving economic development, Expression (20) will take the
following form:

l8 =
m + Tmin

n− 1
=

m
n− 1

+
1

n− 1
· ln(E1/En)

ln(1 + αr)
, (21)
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where l8—the minimum possible level of energy-saving economic development sustain-
ability, the share of one.

Thus, there are a number of different characteristics of sustainable energy-saving
economic development that can be quantified and between which complex links exist.

3.3. Determination of the Main Factors of the Sustainable Energy-Saving Economic Development
Formation

As follows from the above mentioned material, certain relationships must be main-
tained between the change in the economic growth resulting indicator and the growth
rate of energy efficiency to ensure sustainable energy-saving economic development for a
long time. In turn, these two parameters are influenced by a large number of factors that
simultaneously have an indirect impact on the ability to ensure sustainable energy-saving
economic development and the level of this type of economic development. In this regard,
we identified the main groups of such factors and investigated the mechanisms of influence
of these factors on the level of sustainable energy-saving economic development.

Further, this section considers the case of sustainable energy-saving economic devel-
opment at the enterprise level. However, these results can be extrapolated to the level of
industries and state economies. If we choose the added value of enterprises’ economic
growth as a resulting indicator, it can be stated that this indicator is influenced by most
factors of the enterprises’ internal and external environments. Accordingly, an even greater
number of factors determines the formation of the sustainable energy-saving economic de-
velopment of enterprises, as it should not only ensure long-term growth of the added value,
but also reduce the consumption of certain energy resources. However, despite the signifi-
cant number of factors of the enterprise sustainable energy-saving economic development
formation, it seems appropriate to divide them into four main groups, namely:

(1) Factors that ensure the growth of energy efficiency for a particular type of energy
resources that the enterprise uses in its economic activities. As follows from Figure 2,
there are three main means of the energy efficiency growth ensuring: added value in-
crease per unit of different types of products manufactured by the enterprise; changes in
the composition and structure of its products, when the output of products with higher
energy consumption decreases; reduction of energy costs of different types of products
manufactured by the enterprise. In turn, the scale of application of each of these three
means of energy efficiency growth is determined by the level of certain factors. These
factors, by place of origin, can be divided into internal (occurring within the enterprise) and
external (occurring in the external environment). In addition, the factors that determine
the extent of the use of energy efficiency tools can be divided into positive and negative for
the enterprise. For example, a positive factor of external origin may be the reduction of
credit rates (which makes the introduction of energy saving equipment more attractive). At
the same time, a negative factor for the company of the external environment, which can
stimulate the implementation of energy saving measures, is the rise in prices for certain
types of energy resources. Finally, we should note the existence of a group of factors
that determine the level of susceptibility of the enterprise to the factors that determine
the scale of increased energy efficiency application. Thus, an increase in the price of an
energy resource may not necessitate the implementation of energy saving measures by
an enterprise at which the consumption of this energy resource per unit of production is
low. At the same time, even a slight increase in the price of energy resource can lead to
significant changes in the structure of enterprise energy consumption in which this type of
energy resources occupies a predominant share.
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Figure 2. The impact of factors on the overall level of the enterprise energy efficiency.

(2) Factors that ensure the growth of the enterprise added value for the whole set of
products that the enterprise produces. As in the previous case, it is possible to identify
three main means of ensuring such growth, namely: increase in added value per one of
different types of products manufactured by the enterprise; changes in the structure of
output, when the output with lower added value decreases and the production of output
with higher value increases; growth of physical volumes of production and sales. As in the
case of energy efficiency increase, the factors that determine the scale of means application
of the enterprise added value increase can be divided into internal and external, as well
as positive and negative. Finally, it is possible to identify a group of factors that specify
the level of the enterprise’s susceptibility to the factors that determine the scale of means
application for the added value growth.

(3) Factors that ensure a simultaneous increase in the level of the enterprise energy
efficiency and its added value. Obviously, such simultaneous growth can be either acciden-
tal or natural. Accordingly, it is possible to distinguish two main factors of simultaneous
growth of energy efficiency and added value of the enterprise: the simultaneous dominance
of both factors that cause the growth of energy efficiency and factors that cause an increase
in added value, and the presence of a positive correlation between energy efficiency and
added value. In general, there are three options for the correlation between energy effi-
ciency growth and change in added value: no dependence (in particular, this occurs if
energy efficiency does not cause a significant reduction in unit cost), the presence of a
positive correlation (in particular, within the rebound effect), and the presence of a negative
correlation. The last case, which can be called a conditionally negative rebound effect,
occurs if the enterprise reduces production of that part of its products that is characterized
by the highest level of energy consumption. Suppose that an enterprise produces two
groups of goods: goods with a high level of consumption of a certain energy resource
for their production and goods with low consumption. This level will be assessed by the
ratio of value added to natural energy consumption. Accordingly, the product of this level
on the consumption of a certain energy resource will be equal to the value added. Let
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the production of energy-intensive goods decrease in r times, and the production of other
goods will remain unchanged. Then, the total value added for all goods will decrease, but
the overall level of energy efficiency will increase. Under such conditions, the impact of
the enterprise added value reduction on the growth of its energy efficiency for a particular
type of energy resources can be assessed by the following formula:

e(r) =
Ec1·ec1 +

Ec2·ec2
r

Ec1 +
Ec2
r

=
βc1·ec1 +

βc2·ec2
r

βc1 +
βc2
r

=
βc1·ec1·r + βc2·ec2

1 + r
, (22)

where e(r)—the general level of the enterprise energy efficiency for a certain type of
energy resource as a function of r—the rate of production reduction of that part of the
product, which is characterized by a lower level of energy efficiency; ec1, ec2—the level of
consumption of a certain energy resource for production, respectively, with less and more
energy; Ecq, Ec2—basic values of natural volumes of a certain energy resource consumption
for the output by the enterprise of production according to smaller and bigger energy
consumption; βc1, βc2—shares of basic natural volumes of energy consumption for the
output of products in accordance with lower and higher energy intensity in the total basic
volume of consumption of this energy resource by the enterprise, unit fraction.

(4) Factors that determine the outstripping growth of energy efficiency compared
to the enterprise added value. In turn, it is possible to distinguish two main factors:
relatively high growth rates of energy efficiency and relatively moderate growth rates of
the enterprise added value. It is also possible to introduce the concept of the potential
of the enterprise sustainable energy saving development, which characterizes the limits
within which the natural volumes of the enterprise production can change to ensure this
type of economic development. Based on Expression (4), the volume of this potential can
be represented as follows:

Ip =
1
Ieq
− 1

Iavp
, (23)

where Ip—indicator of the potential of enterprises sustainable energy-saving economic
development, the share of one.

Expression 1Iavp in the Formula (23) can be represented as follows:

1
Iavp

=
V1

Vn
·Iq =

(
Ioe1 − Co1 − Ce1

Ioen − Con − Cen

)
·Iq, (24)

where V1, Vn—the enterprise added value, in the first and last years of the reporting
period, monetary units; Ioe1, Ioen—operating income of the enterprise (excluding indirect
taxes), respectively, in the first and last years of the reporting period, monetary units; Co1,
Con—material costs of the enterprise (excluding the cost of energy resources purchasing),
respectively, in the first and last years of the reporting period, monetary units; Ce1, Cen—the
enterprise costs for the purchase of energy resources, respectively, in the first and last years
of the reporting period, monetary units.

After performing a series of mathematical transformations, Expression (24) can be
represented in the following equivalent form:

1
Iavp

=
1

γ1·Ipr
− γ2

γ1·Ico
− γ3

γ1·Ieq·Ipre
, (25)

where γ1—the share of the enterprise added value in its operating income in the last year
of the reporting period, the share of one; Ipr—price index for products produced by the
enterprise (Ipr = Ioen/(Ioe1Iq)); γ2—the share of material costs incurred by the enterprise
(excluding costs incurred for the purchase of energy resources) in its operating income in
the last year of the reporting period, the share of one; Ico—index of specific material costs
(excluding costs incurred for the purchase of energy resources) (Ico = Con/(Co1 Iq)); γ3—the
share of the enterprise costs for the purchase of energy resources in its operating income in
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the last year of the reporting period, the share of one; Ipre—price index for energy resources
purchased by the enterprise (Ipre = Cen/(Ce1 Ieq Iq)).

Taking into account Expression (25), Formula (23) can be presented as follows:

Ip =
1
Ieq
·
(

1 +
γ3

γ1·Ipre

)
− 1

γ1
·
(

1
Ipr
− γ2

Ico

)
, (26)

Thus, Indicator (23) is influenced by the four indices that appear in the right part
of Expression (26). Accordingly, each of these indices can be matched with a certain
factor that affects the potential for the sustainable energy-saving economic development
of enterprises.

Summarizing the above information, we can state the presence of a significant number
of factors that directly or indirectly affect the formation of the sustainable energy saving de-
velopment of the enterprise, as well as indicate the complexity of such influence mechanisms.

4. Empirical Analysis

The empirical analysis performed in this work was carried out at the level of countries,
which required the formation of their sample and the use of the appropriate method-
ology set out in Section 3, in particular, in Formulas (1) and (5)–(21). As for the other
formulas given in Section 3, they apply to industries and enterprises and are useful for
understanding the complex patterns that underlie energy-saving economic development
at the country level. The study was conducted for the case of natural gas, an important
energy resource consumed by many countries, the use of which governments seek to limit,
given the economic, environmental, geopolitical, and other circumstances. Among other
things, in Section 4, the analysis of the relationship between economic growth and natural
gas consumption in different countries is performed, the sustainable energy saving by
natural gas economic development is assessed, and the influence of certain factors on the
parameters of this development is established.

4.1. Analysis of the Relationship between Economic Growth and Natural Gas Consumption
Volume in Different Countries of the World

Despite the fact that in recent years, many countries around the world have increased
their energy consumption from renewable sources, natural gas remains one of the most
important energy sources.

We formed a sample of 19 countries who are consumers of natural gas. The process of
selecting the countries was carried out two o stages:

(1) Identification of G20 countries with significant natural gas consumption and a
random selection of eight countries. This group of countries includes, China, the USA,
Australia, Germany, Italy, the Russian Federation, Turkey, and the UK.

(2) Determining the list of 22 European countries with the largest gross domestic
product (except for European countries that are already included in the first group) and a
random selection of eleven countries. This group of countries includes Austria, Belgium,
Czech Republic, Finland, France, Hungary, the Netherlands, Poland, Romania, Spain,
and Ukraine.

It should be noted that the selected countries account for more than half of the world’s
natural gas consumption. Also, the total gross domestic product of these countries exceeds
half of the world’s total.

In this case (Table 1), the trend of changes in consumption is different in each country.
In particular, in 2018, compared to 2010, there was an increase in natural gas consumption
in the USA, Australia, Turkey, and some other countries. The use of natural gas in the
Chinese economy was particularly significant (from 108.9 billion cubic meters to 283 billion
cubic meters, it means by 159.87%). At the same time, in many EU countries during
2010–2018, natural gas consumption decreased significantly. In particular, the volume of its
consumption in 2018 compared to 2010 decreased in the Czech economy by 14.89% (from
9.4 to 8 billion cubic meters), in France by 13.91% (from 49.6 to 42.7 billion cubic meters),
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and in Romania by 12.8 % (from 12.5 to 10.9 billion cubic meters). However, in some EU
countries, in particular in Germany and Poland, natural gas consumption increased during
the study period.

Table 1. Dynamics of natural gas consumption in some countries in 2010–2018, billion cubic meters 1.

Countries 2010 2011 2012 2013 2014 2015 2016 2017 2018

USA 648.2 658.2 688.1 707.0 722.3 743.6 749.1 739.5 817.1
China 108.9 135.2 150.9 171.9 188.4 194.7 209.4 240.4 283.0

Australia 33.8 35.3 35.4 37.2 40.1 42.1 41.7 41.9 41.4
Austria 9.6 9.0 8.6 8.2 7.5 8.0 8.3 9.1 8.7
Belgium 19.4 16.5 16.7 16.5 14.5 15.8 16.2 16.4 16.9

Czech Republic 9.4 7.9 8.0 8.1 7.2 7.5 8.2 8.4 8.0
Finland 4.1 3.6 3.2 3.0 2.7 2.3 2.0 1.8 2.0
France 49.6 43.0 44.4 45.1 37.9 40.8 44.5 44.8 42.7

Germany 88.1 80.9 81.1 85.0 73.9 77.0 84.9 89.7 88.3
Hungary 11.4 10.9 9.7 9.1 8.1 8.7 9.3 9.9 9.6

Italy 79.1 74.2 71.4 66.7 59.0 64.3 67.5 71.6 69.2
Netherlands 46.8 40.9 39.3 39.1 34.5 34.1 35.2 36.1 35.7

Poland 16.2 16.5 17.4 17.4 17.0 17.1 18.3 19.2 19.7
Romania 12.5 12.9 12.5 11.4 11.0 10.4 10.5 11.2 10.9

Russian Federation 423.9 435.6 428.6 424.9 422.2 408.7 420.6 431.1 454.5
Spain 36.2 33.6 33.2 30.3 27.5 28.5 29.1 31.7 31.5

Turkey 35.8 41.8 43.3 44.0 46.6 46.0 44.5 51.6 47.3
Ukraine 54.6 56.1 51.8 47.7 40.3 32.0 31.4 30.2 30.6

United Kingdom 98.5 81.9 76.9 76.3 70.1 72.0 81.2 78.8 78.9
1 Source of information: Reproduced from [62], BP Statistical Review of World Energy: 2019.

Thus, the trend of changes in natural gas consumption differs significantly from
country to country. Deeper patterns of these changes can be established by assessing
the ratio between real gross domestic product (GDP) and natural gas consumption by
individual countries. According to the data presented in Table 2, the value of this ratio
during 2010–2018 in different countries varied differently. In particular, the ratio between
real GDP and natural gas consumption volume (the level of energy efficiency by natural
gas) during this period increased most significantly in Finland (by 125.45%), Ukraine (by
72.26%), Romania (by 55.67%), Hungary (by 47.28%), and the Netherlands (by 46.81%). At
the same time, the growth rate of the ratio between real GDP and natural gas consumption
was much lower in countries such as Poland (8.76%), the Russian Federation (6.37%), and
Australia (1.2%), and in the USA and China, the ratio between real GDP and natural gas
consumption generally decreased. The value of this ratio varies significantly from country
to country. In particular, the ratio between real GDP and natural gas consumption in
2018 ranged from 3.83 US dollars per cubic meter of gas for the Russian Federation to
134.60 US dollars per cubic meter of gas for Finland (Table 2).
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Table 2. Input data and results of ratio calculating between real GDP and natural gas consumption by individual countries.

Countries

Real GDP (at Constant Prices of
2010), Billion USD 1

Natural Gas Consumption,
Billion Cubic Meters 1

The Ratio of Real GDP to Natural
Gas Consumption, USD per

Cubic Meter of Gas

2010 2018 Growth
Rate, % 2010 2018 Growth

Rate, % 2010 2018 Growth
Rate, %

USA 14,922.0 17,865.0 19.11 648.2 817.1 26.06 23.13 21.85 −5.51
China 6087.2 10,873.0 78.62 108.9 283.0 159.87 55.90 38.42 −31.27

Australia 1146.1 1420.6 23.95 33.8 41.4 22.49 33.91 34.31 1.20
Austria 391.9 442.5 12.92 9.6 8.7 −9.38 40.82 50.86 24.59
Belgium 481.0 538.4 11.94 19.4 16.9 −12.89 24.79 31.86 28.49

Czech Republic 207.5 247.9 19.50 9.4 8.0 −14.89 22.07 30.99 40.38
Finland 249.2 269.2 8.03 4.1 2.0 −51.22 60.78 134.60 121.45
France 2642.6 2927.8 10.79 49.6 42.7 −13.91 53.28 68.57 28.70

Germany 3396.4 3937.2 15.93 88.1 88.3 0.23 38.55 44.59 15.66
Hungary 131.1 162.6 24.02 11.4 9.6 −15.79 11.50 16.94 47.28

Italy 2134.0 2141.0 0.33 79.1 69.2 −12.52 26.98 30.94 14.68
Netherlands 846.6 948.1 11.99 46.8 35.7 −23.72 18.09 26.56 46.81

Poland 479.3 633.9 32.25 16.2 19.7 21.60 29.59 32.18 8.76
Romania 166.2 225.6 35.73 12.5 10.9 −12.80 13.30 20.70 55.67

Russian Federation 1524.9 1739.1 14.05 423.9 454.5 7.22 3.60 3.83 6.37
Spain 1420.7 1539.5 8.36 36.2 31.5 −12.98 39.25 48.87 24.53

Turkey 771.9 1240.5 60.70 35.8 47.3 32.12 21.56 26.23 21.63
Ukraine 136.0 131.3 −3.47 54.6 30.6 −43.96 2.49 4.29 72.26

United Kingdom 2475.2 2879.3 16.33 98.5 78.9 −19.90 25.13 36.49 45.22
1 Source of information: Reproduced from [63], Knoema: 2020.

Thus, it follows that among the considered countries there are both countries in which
there was energy saving in 2010–2018due to natural gas economic development, and
countries in which this type of economic development was not observed (Table 2). The first
group of countries includes Austria, Belgium, Czech Republic, Finland, France, Hungary,
Italy, the Netherlands, Romania, Spain and the United Kingdom. The second group of
countries includes the USA, China, Australia, Germany, Poland, the Russian Federation,
Turkey, and Ukraine.

The division of the studied countries into these two groups, as well as information on
the reasons that did not allow for energy saving due to the lack of natural gas economic
development in individual countries, are presented in Table 3. At the same time, the
countries in which this type of development took place meet Condition (1). Countries that
do not meet this condition were divided into three groups:

Table 3. Division of the studied countries into groups depending on the presence of energy-saving economic development
in 2010–2018 by natural gas consumption and the reasons for the lack of this type of economic development.

Countries Groups Countries Number of Countries

Countries in which during 2010–2018 there was an
energy-saving economic development in terms of
natural gas consumption

Austria, Belgium, Czech Republic,
Finland, France, Hungary, Italy,

Netherlands, Romania, Spain, UK
11

Countries in which during 2010–2018 there was no
energy saving by natural gas economic development

USA, China, Australia, Germany, Poland,
Russian Federation, Turkey, Ukraine 8

Including due to the fact that:
– the energy efficiency index for natural gas did not
exceed one USA, China 2

– the energy efficiency index for natural gas exceeded
one, but the GDP index was less than one Ukraine 1

– the energy efficiency index for natural gas exceeded
one, but the GDP index exceeded energy efficiency index

Australia, Germany, Poland, Russian
Federation, Turkey 5
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(1) Countries for which the energy efficiency index for natural gas did not exceed one
(for these taps the values in the last column of Table 2 are negative).

(2) Countries for which the energy efficiency index for natural gas exceeded one, but
the GDP index was less than one (these countries include those that are not included in the
previous groups and in which the GDP growth rate in Table 2 is negative).

(3) Countries for which the energy efficiency index for natural gas exceeded one, but
the GDP index exceeded the energy efficiency index (these countries include those that are
not included in any of the previous groups).

According to the data presented in Table 3, in most of the studied countries (in 11 out
of 19) during 2010–2018, there was energy saving due to natural gas economic development.
For countries where this type of development did not take place, for most of them the
reason for this was that the GDP index of these countries exceeded the energy efficiency
index for natural gas.

It is worth noting that in most countries of the second group, except for the USA and
China, the level of energy efficiency of natural gas consumption increased during the study
period, i.e., these countries implemented energy saving measures.

4.2. Assessment of Sustainable Energy Saving by Natural Gas Economic Development by
Individual Countries

As noted above, sustainable energy-saving economic development is described by a
number of characteristics. The information availability on these characteristics, obtained
on the basis of their quantitative assessment, allows a better understanding of the patterns
that underlie sustainable energy-saving economic development. In this regard, it seems
appropriate to assess the sustainable energy saving by natural gas economic development in
those countries for which this type of development took place during 2010–2018. The initial
data required for the calculation of the assessment indicators of the countries sustainable
energy-saving economic development for 2010–2018 are provided in Table 4, and the results
of such assessment are summarized in Table 5. The formulas given in Section 3.2 were used
to calculate the indicators presented in Table 5.

Table 4. Input data 1 required for the calculation of indicators for the assessment of the sustainable energy saving by natural
gas of countries economic development for 2010–2018.

Countries
Average GDP
Growth Rate,
Unit Fraction

Average Rate
of Decline in
Natural Gas

Consumption,
Unit Fraction

Efficiency
Growth Rate

Use of Natural
Gas

GDP Growth
Index

Natural Gas
Consumption
Growth Index

Years of
Energy-Saving

Economic
Development

Austria 0.015 0.012 1.246 1.129 0.906 8
Belgium 0.014 0.017 1.285 1.119 0.871 8

Czech Republic 0.022 0.020 1.404 1.195 0.851 8
Finland 0.010 0.094 2.215 1.080 0.488 7
France 0.013 0.019 1.287 1.108 0.861 8

Hungary 0.027 0.022 1.473 1.240 0.842 8
Italy 0.001 0.017 1.147 1.003 0.875 2

Netherlands 0.014 0.034 1.468 1.120 0.763 8
Romania 0.039 0.017 1.556 1.357 0.872 6

Spain 0.010 0.018 1.245 1.084 0.870 3
United

Kingdom 0.019 0.028 1.452 1.163 0.801 8

1 Source of information: calculated by the authors. Reproduced from [62], BP Statistical Review of World Energy: 2019; [63], Knoema: 2020.
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Table 5. Values of the assessment indicators of sustainable energy saving by natural gas countries economic development for 2010–2018 1.

Countries

Level of the
Sustainable

Energy-Saving
Economic

Development
(l), Unit
Fraction

The Degree of
the Sustainable
Energy-Saving

Economic
Development

Uniformity (l1),
Share of One

Relative Capacity Levels The Actual Level of Capacity
Utilization An Indicator of

the Sustainable
Energy-Saving

Economic
Development
Balance (l6),

Unit Fraction

Frequency of
the Sustainable
Energy-Saving

Economic
Development

The Minimum
Possible

Duration of the
Sustainable

Energy-Saving
Economic

Development
in the Future
(Tmin), Years

The Minimum
Possible Level

of the
Energy-Saving

Economic
Development
Sustainability

(l8), Unit
Fraction

Economic
Growth (l2),

Unit Fraction

Reduction of
Natural Gas

Consumption
(l3), Unit
Fraction

Economic
Growth (l4),

Unit Fraction

Reduction of
Natural Gas

Consumption
(l5), Unit
Fraction

Austria 0.012 0.800 0.246 0.197 0.524 0.476 0.952 1.000 6.63 1.829
Belgium 0.014 0.824 0.285 0.222 0.418 0.582 0.836 1.000 9.93 2.242

Czech Republic 0.020 0.909 0.404 0.288 0.483 0.518 0.966 1.000 7.41 1.927
Finland 0.010 0.106 1.215 0.549 0.066 0.933 0.132 0.875 72.10 9.888
France 0.013 0.684 0.287 0.223 0.376 0.623 0.752 1.000 11.59 2.448

Hungary 0.022 0.815 0.473 0.321 0.507 0.492 0.984 1.000 6.46 1.807
Italy 0.001 0.059 0.147 0.128 0.020 0.975 0.040 0.250 133.60 16.95

Netherlands 0.014 0.412 0.468 0.319 0.256 0.743 0.512 1.000 19.46 3.432
Romania 0.017 0.436 0.556 0.357 0.642 0.358 0.716 0.750 3.58 1.197

Spain 0.010 0.556 0.245 0.197 0.343 0.661 0.686 0.375 14.00 2.124
United

Kingdom 0.019 0.679 0.452 0.311 0.361 0.639 0.722 1.000 11.79 2.474

1 Source of information calculated by the authors using the models presented in Section 3.2.
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As follows from the data presented in Table 5, the values of the indicators for assessing
the countries’ sustainable energy saving due to natural gas economic development for
2010–2018 are quite different for the studied countries. In particular, the level of this
development ranged from 0.001 for Italy to 0.022 for Hungary. Regarding the level of
uniformity of the sustainable energy-saving economic development of the studied countries,
for most of them it was moderate and ranged from 0.059 for Italy to 0.909 for the Czech
Republic. It is also important to note that for all countries considered in Table 5, the relative
level of their economic growth potential exceeded the relative level of the potential of
natural gas consumption reduction. However, for most countries, the actual use of the
potential of natural gas consumption reduction was higher than the actual use of the
potential of GDP growth. Moreover, for a number of countries (in particular, for Austria,
Belgium, the Czech Republic, and Hungary) a high value of the balance indicator of the
sustainable energy saving by natural gas economic development is typical. In general,
this figure ranged from 0.040 for Italy to 0.984 for Hungary. Also, there is interest to the
indicator of the minimum possible duration of the sustainable energy saving by natural
gas economic development in the future, which was calculated by Formula (18). For
some countries it is quite high. In particular, the value of this indicator for Italy was
133.6 years, and for Finland it was 72.1 years. However, these values are due to rather
low rates of economic growth in these countries during 2010–2018. For most countries,
the indicator of minimum possible expected duration of the sustainable energy saving by
natural gas economic development in the future was about 6–14 years, which is also quite
a lot. Accordingly, we should note big values for some countries of the minimum possible
sustainability level of energy saving by natural gas economic development. This indicator,
which was calculated by Formula (20), ranged from 1.8 to 3.4 for most countries. Thus, the
sustainability of energy saving by natural gas economic development for most countries,
as shown in Table 5, is quite high.

4.3. Assessment of the Impact of Individual Factors on the Parameters of Sustainable
Energy-Saving Natural Gas Economic Development of Countries

Despite the fact that sustainable energy-saving economic development can be char-
acterized by various properties, there are two main parameters of this type of economic
development, namely the growth rate of the resulting economic growth rate and the growth
rate of certain types of energy resources consumption. As follows from the Formula (15),
the value of the last parameter can be represented as the product of two indicators—the
magnitude of the potential of a particular type of energy resources consumption reduction
and the actual level of this potential use. Taking this circumstance into account, we will
perform a factor analysis of the growth rate of natural gas consumption during 2010–2018
in countries where there was sustainable energy saving due to natural gas economic de-
velopment. In the future, all values of the growth rate of natural gas consumption will be
taken according to the module. In this case, the factor analysis requires the selection of
a country as a base, in relation to which there will be a decomposition of the growth of
natural gas consumption in other countries. According to Table 6, it seems appropriate to
choose Austria as the base country. This is due to the fact that for this country the modulus
of the value of the growth rate of natural gas consumption in 2018 compared to 2010 was
the lowest among all the countries studied.
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Table 6. Input data and results of calculating the individual factors impact on the growth rate of natural gas consumption
according to the countries for 2010–2018.

Countries

Module of
Growth Rate

of Natural Gas
Consumption

in 2018
Compared to

2010, Unit
Fraction

Relative Level
of Natural Gas
Consumption

Reduction
Potential, Unit

Fraction

The Actual
Level of Use of

Natural Gas
Consumption

Reduction
Potential, Unit

Fraction

The Difference between the Modules of the
Growth Rate of Natural Gas Consumption in a

Given Country and in Austria, Unit Fraction

Total

Including Due to Change

The Relative
Level of Gas

Consumption
Reduction
Potential

The Actual
Level of Use

of Gas
Consumption

Reduction
Potential

Austria 0.094 0.197 0.476 0.000 0.000 0.000
Belgium 0.129 0.222 0.582 0.035 0.012 0.021

Czech Republic 0.149 0.288 0.518 0.055 0.043 0.008
Finland 0.512 0.549 0.933 0.418 0.168 0.090
France 0.139 0.223 0.623 0.045 0.012 0.029

Hungary 0.158 0.321 0.492 0.064 0.059 0.003
Italy 0.125 0.128 0.975 0.031 −0.033 0.098

Netherlands 0.237 0.319 0.743 0.143 0.058 0.053
Romania 0.128 0.357 0.358 0.034 0.076 −0.023

Spain 0.130 0.197 0.661 0.036 0.000 0.036
United Kingdom 0.199 0.311 0.639 0.105 0.054 0.032

Denote the indicators that characterize the economy of Austria, the index “a”, and the
indicators that characterize the economy of another country, denote the index “j”. Then,
according to Formula (15), the difference between the modules of growth rates of natural
gas consumption in a given country and in Austria can be represented as follows:

∆Rj =
E1j − Enj

E1j
− E1a − Ena

E1a
= l3j·l5j − l3a·l5a, (27)

or

∆Rj =
(
l3j − l3a

)
·l5a +

(
l5j − l5a

)
·l3a +

(
l3j − l3a

)
·
(
l5j − l5a

)
= ∆R1j + ∆R2j + ∆R3j, (28)

where ∆Rj—the difference between the modules of the growth rate of natural gas con-
sumption in a given country and in Austria, unit fraction; ∆R1j, ∆R2j, ∆R3j—the difference
between the modules of the growth rate of natural gas consumption in a given country
and in Austria due to change accordingly: the relative level of gas consumption reduction
potential, the actual level of use of gas consumption reduction potential, and the combined
influence of both of these factors, unit fraction.

The results of calculations of indicators ∆Rj, ∆R1j тa ∆R2j are presented in the Table 6.
According to the data presented in Table 6, for most countries, compared to Austria,

the main reason for the stronger reduction in natural gas consumption is the higher level
of relative potential for such a reduction (it means that higher growth rate of natural gas
efficiency use). However, there are some countries, in particular Belgium, Italy and France,
for which the main factor in the stronger reduction in natural gas consumption compared
to Austria is the higher actual level of this reduction potential use (in these countries GDP
growth did not influence strongly the volume of natural gas use).

Regarding such a parameter of the sustainable energy-saving economic development
of countries as the growth rate of their GDP, the issue on the nature of the impact on this
parameter of natural gas consumption efficiency is interesting (the relative growth of the
ratio between GDP and natural gas consumption by different economies). In order to
estimate the impact for the selected time intervals on the basis of the data presented in
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Table 7, quadratic regression equations were created. Graphs of these equations are shown
in Figure 3.

As can be seen from Figure 3 as well as from Table 8, the first two regression equations
(especially the second of them) can fully approximate the empirical data.

Thus, at least for some time, higher growth rates of natural gas consumption efficiency
at the level of national economies were accompanied by lower GDP growth rates. This
empirical fact to some extent contradicts the effect of the rebound in energy consumption
and may be related to structural shifts in natural gas consumption, in particular those
described by the Model (22). Thus, it is possible to affirm that at some time there is a
negative effect of the rebound in natural gas consumption at the level of national economies.

Table 7. Data on growth rates of natural gas efficiency and GDP growth rates for certain time periods according to the
countries.

Countries

Growth Rates of Indicators in
2018 Compared to 2010

Growth Rates of Indicators in
2014 Compared to 2010

Growth Rates of INDICATORS
in 2018 Compared to 2014

Efficiency of
Natural Gas Use,

Unit Fraction

GDP, Unit
Fraction

Efficiency of
Natural Gas Use,

Unit Fraction

GDP, Unit
Fraction

Efficiency of
Natural Gas Use,

Unit Fraction

GDP, Unit
Fraction

Austria 0.094 0.197 0.476 0.000 0.000 0.000
Belgium 0.129 0.222 0.582 0.035 0.015 0.024

Czech Republic 0.149 0.288 0.518 0.055 0.047 0.012
Finland 0.512 0.549 0.933 0.418 0.328 0.251
France 0.139 0.223 0.623 0.045 0.016 0.033

Hungary 0.158 0.321 0.492 0.064 0.061 0.005
Italy 0.125 0.128 0.975 0.031 −0.067 0.064

Netherlands 0.237 0.319 0.743 0.143 0.091 0.085
Romania 0.128 0.357 0.358 0.034 0.057 −0.042

Spain 0.130 0.197 0.661 0.036 0.000 0.036
United Kingdom 0.199 0.311 0.639 0.105 0.073 0.051

Table 8. The results of the regression analysis of the relationship between the growth rate of natural gas efficiency and the
growth rate of GDP by country.

The Relationship between
the Growth Rate of Natural
Gas Use Efficiency (r1, %)
and the Growth Rate of

GDP by Countries (r2, %)

Coefficients of the Quadratic
Regression Equation

r2=β0+β1·r1+β2·r2
1

R2 F-Value
t-Value

β0 β1 β2 tβ0 tβ1 tβ2

In 2018 compared to 2010 32.547 −0.636 0.004 0.345 4.217 5.806 2.700 1.747
In 2014 compared to 2010 16.080 −0.695 0.009 0.630 13.623 6.350 4.407 2.441
In 2018 compared to 2014 12.092 0.079 −0.003 0.020 0.165 5.625 0.337 0.531
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Figure 3. Scatter diagrams and graphs of quadratic regression equations, which characterize the relationship between
the growth rate of natural gas use efficiency (r1, %) and GDP growth rate according (r2, %) to the countries: (a) in 2018
compared to 2010; (b) in 2014 compared to 2010; (c) in 2018 compared to 2014.
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5. Conclusions and Discussion

Sustainable energy-saving economic development should be understood as a process
of long-term economic growth with a simultaneous reduction in the consumption of a
certain type of energy resource (or a set of such resources), although this process has the
potential to occur in the future.

In order for the process of energy-saving economic development to take place at
the national level, it is necessary to meet two main conditions: (1) the energy efficiency
index for the studied type of energy resources must exceed one; (2) the GDP index must
exceed one but be less than the energy efficiency index. As for the sustainable energy
saving development, these conditions must occur over previous years and be maintained
in subsequent periods.

Sustainable energy-saving economic development is characterized by a variety of
properties. These properties include such characteristics of this type of economic develop-
ment as its level, uniformity, balance, frequency, projected duration, stability, etc. All these
characteristics can be quantified. In addition, there are close links between the properties
of sustainable energy-saving economic development. These results significantly develop
and complement our previous works [25,30].

Despite the significant number of factors in the formation of sustainable energy-saving
economic development of the enterprise, it seems appropriate to divide them into four
main groups, namely: (1) factors that increase energy efficiency for certain types of energy
resources used by the enterprise in its economic activity; (2) factors that ensure the growth
of the enterprise added value for the whole set of products that the enterprise produces; (3)
factors that ensure a simultaneous increase in the level of energy efficiency of the enterprise
and its added value; (4) factors that determine the outpacing growth of energy efficiency
level compared to the added value of the enterprise. This factor separation can be useful in
identifying opportunities to increase the consumption of renewable energy sources and
complements the published research results [44–46].

The paper analyzes relationship between economic growth and natural gas consump-
tion in different countries. Among the 19 countries considered, there were both countries
in which energy-saving economic development took place in 2010–2018 in terms of natural
gas consumption, and countries in which this type of economic development was not
observed. For countries where this type of development did not take place, the reason for
most was that the GDP index of these countries exceeded the energy efficiency index for
natural gas.

The indicator values for assessing the sustainable energy saving by natural gas eco-
nomic development of countries for 2010–2018 are quite different for the studied countries.
In particular, the level of this development ranged from 0.001 to 0.022. At the same time, the
sustainability of energy saving by natural gas economic development for most countries
where this type of development took place is quite high. It can also be argued that, at
least for some time, higher growth rates of natural gas efficiency at the level of national
economies are accompanied by lower growth rates of GDP. Thus, we may affirm that there
is a negative effect of the rebound in natural gas consumption at the level of national
economies. These results are quite new and differ from those obtained by the authors
in [59–61].

The obtained theoretical and empirical results can be used in the development of
measures of state regulatory policy in the field of energy consumption. In particular,
governments can determine the conditions under which it is possible to ensure in the
future a definite level of certain properties of energy-saving economic development. Thus,
using Expressions (17)–(19), it is possible to estimate the necessary increase in energy
efficiency in order to ensure the energy-saving economic development of the country
over a period of time at the projected rate of GDP growth. Using Formulas (16), (20),
and (21), it is possible to estimate the parameters by which certain levels of balance and
sustainability of energy-saving economic development will be ensured. It is also possible
to identify those countries for which the transition to this type of development requires a
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significant increase in energy efficiency. In particular, with regard to the use of natural gas
for 2010–2018, these include the USA and China, as in these countries there was a tendency
to reduce the efficiency of natural gas. At the same time, in countries such as Australia,
Germany, Poland, the Russian Federation, and Turkey, the rate of growth of natural gas
efficiency must be higher in order for these countries to be able to move to energy-saving
economic growth. Ultimately, such a transition in Ukraine requires, first of all, ensuring
stable growth of the country’s GDP. These results largely complement the conclusions
obtained by other authors who have studied the relationship between economic growth
and energy consumption [36–38].

The methodology proposed in this chapter has certain limitations. In particular, the
built models concerned only one type of energy resource. In addition, when analyzing
the dynamics of indicators, only the case of a constant base was considered, namely, the
chain growth rate of indicator values was not calculated. Removing these limitations
requires further research. Besides, further studies of the sustainable energy-saving eco-
nomic development patterns at the level of national economies require a consideration
of changes in the industry structure consumption of certain types of energy resources,
including natural gas. In particular, this consideration is necessary for a more in-depth
assessment of the individual factors that impact the sustainable energy-saving economic
development of countries. Empirical research is also needed in order to identify the main
factors in the formation of sustainable energy-saving economic development at the level of
industries and enterprises. For this purpose, it is possible to use the previously mentioned
Formulas (23)–(26). It is also necessary to study the empirical patterns of energy-saving
economic development for fossil energy resources other than natural gas and consider
the totality of these resources. In addition, it is necessary to establish the role played
by energy saving technological changes in ensuring sustainable energy-saving economic
development, as well as to determine the impact of price dynamics on energy resources on
the parameters of this type of economic development.
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