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Abstract: The methodological framework for assessing adaptability of the economy to changes in
energy prices and risks to energy markets was developed. The study proposes indicators for assessing
the level of adaptability of the economic sectors to changes in prices for energy carriers and to risks of
energy markets. The model of decomposition of adaptability level of the economy sectors to changes
in energy prices has been developed. The theoretical and empirical analysis of the influence of energy
prices on adaptability level of enterprises and households is carried out. Based on the empirical
analysis, it was found that adaptability level of the sectors of Ukrainian economy significantly differs
both in the years of the investigated period and in sectors of the economy. At the same time, most
indicators of the level of adaptability vary from 0.4 to 0.7. Consequently, the actual decline in the
profit of enterprises was 40-70% lower than the potentially possible decrease in the profit of these
enterprises due to the prices rising for energy carriers. Moreover sectors which are less vulnerable to
the growth of prices show higher adaptability level. The possibility of using the obtained results in
developing a state energy saving strategy is substantiated.

Keywords: adaptability; prices for energy resources; price changes; energy markets; energy carriers;
energy saving; risks

1. Introduction

The modern economy is characterized by energy priceinstability. This instability causes constant
changes in the conditions of activity for enterprises and households. As a result, different changes are
taking place in a variety of economic indicators, in particular, in gross domestic product (GDP) [1], in
energy consumption [2], in investment [3], in volume of budget revenues [4], in unemployment rate [5],
etc. [6,7]. However, the economic impact of changes in price for energy carriers varies considerably
between different enterprises, industries and countries [8]. These differences are due to the current level of
energy consumption. This level is characterized by the energy intensity of production, the ratio between
the volumes of different types of used energy resources, the total amount of their consumption, etc. At the
same time, enterprises that consume certain types of energy resources try to adapt to the changes of their
prices. The purpose of this adaptation is to reduce the negative effects of changing prices for energy
resources when these prices increase, or strengthening the positive effects if energy prices decrease.
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Taking into account the above, it is important to know how powerful the possibilities of adaptation
of certain enterprises, sectors of economy and countries to changes in prices for energy carriersare.
In particular, it is necessary to find out if the properly organized mechanism of such adaptation can
compensate for losses of enterprises consuming certain types of energy carriers from rising prices for
them. In order to address these issues, it is necessary to establish indicators and identify factors of
adaptability of enterprises to changes in prices for energy carriers. It is also important to know how
the level of adaptation of enterprises to energy price changes can change depending on the magnitude
of these changes. In addition, we should take into consideration the fact that adaptation may occur not
only to the changes in prices for energy carriers that have already actually happened but also to those
changes that may occur in the future. Therefore, it is necessary to study the peculiarities of adaptation
of enterprises to the risks of energy markets [9,10].

We should note that during the last decade the prices for energy resources, in particular, spot
and futures prices for crude oil [11] can be characterized by trends both in their increase and their
decrease [12,13]. However, the tendency of growth of these prices prevails in recent times and some
forecasts assert that this trend will continue. This naturally leads to increasing difficulties in countries
importing energy resources, especially if these countries are characterized by high energy intensity of
their GDP. Ukraine also belongs to such countries, whose demand for crude oil is almost fully provided
by its imports [14], as well as volumes of import of natural gas are significant [15,16]. In addition,
the economic situation in Ukraine is substantially complicated because of the military-political conflict,
which began in 2014 and continues to this day [17,18]. As a result of the conflict, the Ukrainian
government temporarily lost control over the territories where coal-mining enterprises were located
and they produced more than a third of the country’s total volume of coal. Significant deposits of
natural gas have also been lost. At the same time, Ukraine’s economy is characterized by high level of
riskiness of its energy sector. There is a danger of not receiving the necessary volumes of import of
energy resources (primarily due to the forced suspension of their import from Russian Federation).
The transit potential of Ukraine is also under threat as a result of the planned construction of the main
gas pipeline “Nord stream 2”.

Under such conditions, the issues of adaptation of economy to changes in prices for energy carriers
and risks of energy markets are extremely relevant for Ukraine. It should be noted that Government
of Ukraine is taking appropriate measures aimed at such adaptation [19]. Governmental structures
develop and implement different energy conservation programs [20] and programs for increase the
share of renewable energy sources in order to achieve Ukraine’s energy independence [21,22]. The EU
countries, international financial institutions [23,24] and individual countries provide significant assistance
in financing these programs [25,26]. At the same time, Ukrainian government is trying to use the positive
experience of EU countries in promoting energy saving and ensuring energy security [27].

However, the problem of adaptation of Ukrainian economy to new trends in energy markets is
still far from solution. In our opinion, in-depth study of the mechanisms of adaptation of economy to
changes in prices for energy resources and risks of energy markets can help to solve this problem.

The main goal of our research was to develop the methodological principles for assessing
adaptability of economy to changes in prices for energy carriers and risks of energy markets, with
further use of these principles on the example of Ukrainian economy. While we achieved the goal of
the study, we had received several results that have a scientific novelty.

Firstly, a number of indicators have been proposed for assessing the level of adaptability of
economy to changes in prices for energy carriers. In particular, the authors proposed to determine the
potential losses or lack of profit of energy consumers, assuming that there is no complete mechanism
for adaptation to changes in prices for these resources. Then, the actual level of consumer adaptation
to rise in energy prices can be determined by the share of their potential losses that could be avoided
due to the adaptation to such growth, in the total value of these losses.

Secondly, the authors developed the model of decomposition of the level of adaptability of sectors
of the economy to the changes in prices for energy carriers that allows to evaluate the influence of
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different ways of adaptation on the level of adaptability. In addition, the authors realized the modeling
of sustainability of sectors of the economy to the changes in prices for energy carriers, depending on
the sensitivity of the enterprises of these sectors to these changes and the level of adaptability to them.
The role played by technological flexibility of enterprises in the process of their adaptation to changes
in prices for energy carriers is also established.

Thirdly, the modeling of the influence of energy prices on the level of adaptation of enterprises
and households to the changes in prices for energy resources is realized. The authors proved existence
certain range of prices for energy carriers, for which the level of adaptation to them is the highest.
The necessity of taking into account this range in the development of the state energy saving strategy
is substantiated.

Fourthly, the regularities of adaptation of energy resources consumers to the risks of energy markets
are investigated. The concept of the price of such adaptation is introduced and it can be understood as
additional volumes of investments that should be invested by energy consumers in order to adapt to the
risks of energy markets. The factors that influence the price of adaptation of energy resources consumers
to possible increase of their prices are determined. The importance of determining the price of adaptation
in substantiating measures to ensure the state energy security is indicated.

The achievement of indicated goal has determined the necessity of addressing a number of tasks
that are solved in the relevant parts of the work. Thus, in Section 2, the authors realized a review
of literature on the topic of research. Section 3 presents the methodological principles for assessing
adaptability of the economy to changes in prices for energy carriers and risks in energy markets.
In Section 4, an empirical analysis of the issues was conducted on the example of Ukraine. In Section 5
the results are discussed. Section 6 presents limitations and prospects for further research. In Section 7
the authors summarize the results of the research.

2. Literature Review

The problem of establishing regularities of adaptation of enterprises to the changes occurring in
their external environment has been the subject of many scientific studies. Thus, in [28], ad aptation
is considered as a reaction of the system which counteracts the actual or possible reduction of the
efficiency of its functioning. In [29] the enterprise’s adaptation is explained as its ability to interpret
and transferthe signals of the environment into new behavioral responses. A similar approach to the
interpretation of the essence of adaptation is also presented in [30], where the authors investigate
the regularities of adaptation in the context of the possibilities of purposeful change of the system
awaiting external stimuli or in response to them. Thereby, the scientists closely associate the process
of adaptation with the mechanism of homeostasis of complex systems. The scientific literature also
addresses such aspects of enterprise adaptation as the causal link between adaptation and survival of
the firm [31], the role of adaptation in production management [32] and the impact of adaptation of
enterprises on their sustainability [33]. At the same time, a special emphasis is placed on the fact that
the system can and must adapt not only to the changes that have taken place, but also to those changes
that may only occur in the future.

It is indisputable that the price of resources that are used in production processis the most
important and volatile indicator among the indicators of the environment of enterprises. In this
regard, the issue of forecasting and modeling resource prices is extremely important. In particular,
it refers to the prices for energy resources. The results of modeling [34,35] and forecasting prices
for energy carriers [36], primarily for oil [37,38], are presented in a large number of scientific works.
These results are characterized by sufficiently high analytical and predictive properties, although the
geopolitical factors, which recently strongly affect the cost of energy resources, are not always fully
taken into account.

It is important to note that the forecasting of prices for energy carriers can be considered as an
intermediate stage in the development of forecasts of various macroeconomic indicators, in particular,
gross domestic product and budget revenues. In modern scientific literature, there are some fundamental
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researches of the impact of changes in prices for energy carriers on macroeconomic indicators at the
level of individual countries as well as several countries [4,39]. The results show significant differences
in the impact of changes in prices for energy carriers on the macroeconomic indicators for different
countries. Thus, in [39], the negative impact of rising oil prices on the Chinese economy is noted. In [40],
the positive impact of such growth on the stock market of Vietnam is described. At the same time, the
significant influence of the growth of energy prices on the Lithuanian economy was not detected at
all [41]. In explaining the causes of these differences the researchers give important role to indicators of
volumes of exports and imports by countries of different types of energy resources, energy intensity of
GDP of investigated countries, etc. However, despite the undeniable value of these studies, the factor
of adaptation of economy and its individual sectors to the change in prices for energy resources is not
allocated separately or not considered in full measure in these studies.

The analysis of regularities of adaptation of country’s economy to changes in prices for energy
carriers should include the study of the impact of changes in prices for energy carriers on changes
in their consumption. A number of scientific works devoted to this issue exist in economic
literature [42,43]. In these researches the authors trying to establish the extent of impact of changes in
prices for different types of energy carriers on the volume of their usage by commercial customers and
households [44,45]. However, it is necessary to note the existence of significant disagreements among
different authors regarding their received results. For example, the results of various scientists differ
greatly in relation to the analysis of impact of electricity prices on the volume of its consumption by
households. In particular, in [42] did not establish the presence of such an effect, and in [43] it was
found. The specific features of different countries that determine the needs of their economies in energy
resources can be one of the reasons for these divergences. In addition, the fact that the consumption of
energy carriers is influenced not only by their prices but also by other factors should be also taken
into account [46,47]. In particular, some scientists include the income level of the population to these
factors analyzing the impact of energy prices [48,49].

For specifying the processes of adaptation of enterprises, sectors of economy and households to
changes in prices for energy carriers, it is necessary to highlight the factors that cause the change in
volumes of their consumption. The change in production volumes and changes in its energy intensity
are such factors for the enterprises [50]. Investigation of regularities of influence of these factors on
the volume of consumption is considered, in particular, in [51,52]. At the same time, many authors
focus on impact of technological changes on the reduction of consumption of energy resources in
conditions of raising their prices [53-55]. Also, in [56] states that consumers can in some way stimulate
enterprises to implement energy-saving measures.

In general, the regularities of technological changes in the economy are sufficiently researched
in the scientific literature [57,58]. In particular, the factors that determine these changes [59] and
their regularities are investigated in some scientific works [60,61]. At the same time, the scientists give
considerable attention to energy-saving technological changes, their influence on the rates and proportions
of economic growth [62]. A separate group of scientific publications is devoted to technological changes,
which provide replacing of one type of energy carriers with other. First of all, it concerns the replacement
of non-renewable energy sources with renewable ones. In particular, the peculiarities of such a transition
were analyzed on the example of Mexico [63], Azerbaijan [64], Saudi Arabia [65], Libya [66], Australia [67],
Nigeria [68], and others. Also, the importance of hydrogen as an energy carrier was indicated, which
may soon substantially change the structure of energy consumption [69]. However, the introduction of
energy-saving technologies is often complicated by certain barriers, as a result price increases for energy
carriers does not always sufficiently stimulate the introduction of energy-saving technologies [70] and
realization of other energy-saving measures [71,72]. Among the barriers that impede the introduction of
energy-saving technologies at enterprises, first of all, it is necessary to highlight the need for investment,
which requires thorough assessment of economic efficiency [73,74] and justification of the feasibility of
implementing the relevant investment projects [75].
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According to the results of research carried out by different authors, in significant number of cases
the increase in prices for energy is a reason for a certain reduction in consumption of energy resources.
However, the scientists believe in the existence of factors that can weaken this tendency. On the other
hand, the possible is a situation in which the reduction of consumption of energy resources in the
economy occurs even in condition of constant or lower prices for energy resources. In particular, this
can occur in case of significant risks in the markets of energy resources [76], first of all, the risks of
rising prices for these resources in the future.

In general, a large number of scientific works are devoted to the issue of risk assessment and risk
management in energy resource markets. In these works, the nature of these risks is considered [77,78],
the regularities of their influence on the activity of enterprises are analyzed [79,80], the methods of
estimation and management of this type of economic risks are justified [81,82]. We should also pay
attention to the existence of close connection between the issues of minimizing energy risks and the
problem of ensuring energy security and energy independence of countries [83]. This connection is
caused by the fact that reducing energy risks is one of the main tasks of ensuring energy security of
individual enterprises and sectors of the economy as well as countries in general.

Consequently, there are many publications in modern scientific literature devoted to certain
aspects of the adaptation of economies to changes in prices for energy carriers and risks of energy
markets. However, only a few studies try to provide an integrated approach to studying the regularities
of such adaptation. In particular, the study of the adaptability of the economy to the change in the
prices of crude oil by the example of Taiwan [84], the USA [85], China [86], Malaysia [87] and other
countries [8] are of considerable interest for scientists. It is important to note that in certain works [84,85]
results are presented according to the branches of the economy. At the same time, in our opinion,
the methodical approaches to quantitative assessment of the level of adaptation of the economies to
changes in energy prices and to risks of energy markets require further development. Systematization
of the factors affecting this level and further investigation of the regularities of this influence is also
necessary. The results of such studies may be useful in developing energy strategies for individual
enterprises and countries in general.

3. Methodology

This section presents the methodological principles for assessing the adaptability of the economy
to changes in prices for energy carriers and risks in energy markets. First, we highlight the main ways
of adapting enterprises to changes in prices for energy carriers. The following are indicators of the
adaptability of the economy to changes in prices for energy carriers and the justification of the method
of decomposition of these indicators. In the Section 3.3, the modeling of the relationship between
stability, sensitivity and adaptability of the economic sectors to the rise in energy prices is carried out.
Then a modeling the impact of energy-saving technological changes on the level of adaptability of the
economy to rising energy prices is presented. Section 3.5 presents indicators of adaptability of the
economy to the risks of energy markets.

3.1. Selection of the Main Methods of Enterprises Adaptation to Changes in Prices for Enerqy Carriers

It is advisable to consider the regularities of adaptation of the economy to changes in prices for
energy carriers at the level of individual enterprises. Enterprises and households are the first who
adopt and implement appropriate decisions for the realization of any adaptation. At the same time,
it is necessary to distinguish the resulting indicators and parameters of adaptation of enterprises
to changes in energy prices. The changes of the resulting indicators characterize the results of this
adaptation and the changes of the adaptation parameters reflect the process of its implementation.

The resulting indicators of adaptation of enterprises to change in energy prices include their
operating or net profit and value added. All these indicators are calculated over a certain period,
for example, per year. Therefore, for assessing the adaptability of enterprises to changing energy
prices it is necessary to pre-select certain duration of the adaptation period. This choice depends on
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the objectives of the study and the length of implementation of the methods of adaptation that are
dominant in a particular economy or its branch. Thus, in the study of the medium-term effects of
adaptation, the adaptation period may be one year. In the study of the long-term effects of adaptation,
the adaptation period may be significantly greater, depending on the length of the adaptive lag.

Indicators of the cost of different types of energy resources per unit of output can be considered
as an example of the parameters of adaptation of enterprises to change in energy prices. In general,
the adaptation parameters correspond to different ways of adaptation. In particular, in the case of
rising prices for energy resources, the enterprises that consume these resources can apply a variety of
organizational, technical and technological measures aimed at energy saving. However, it is possible
to identify the main directions of adaptation of enterprises to changes in prices for energy resources.
In order to realize this, it is necessary to consider the case of a particular type of product, for the
manufacture of which the enterprise uses a certain type of energy carriers. In this case, there are only
two main directions of adaptation to the change in price of energy resources, namely:

(1) change in prices of products manufactured using this energy resource. This change may affect the
demand for these products and, accordingly, the volumes of its sales. At the same time, the force
of such influence depends, in particular, on the price elasticity of this product;

(2) changes in the cost of energy resource per unit of output.

Now let’s suppose that the enterprise produces (or can produce) simultaneously several types of
products and it uses (or can use) several types of energy carriers for this purpose. Then there are two
possible directions of adaptation of the enterprise to change in prices of energy resources:

(1) changes in the structure of the product range;
(2) changes in the structure of energy resources that are used for production.

Consequently, we can include the following indicators to the main parameters of adaptation
of enterprises to changes in energy prices: the prices and volumes of sales of products, energy
consumption per unit of output, the structure of product range and the structure of energy resources
used for production. In view of the above, Figure 1 presents a general model of enterprise adaptation
to energy price changes.

Consequently, we can identify four types of adaptation of enterprises to changes in energy prices,
depending on the ways of such adaptation. However, the grouping of types of such adaptation can be
done based on other features. It is important to divide the types of adaptation of enterprises to change
in energy prices for internal and general adaptation. Internal adaptation is a certain idealized process,
because it assumes that there are no changes in the external environment of the enterprise, except the
changes in energy prices. General adaptation takes into account the influence of other environmental
factors that promote or hinder this adaptation.

For studying the regularities of adaptation of enterprises to change in energy prices it is necessary
to select one of the resulting indicator that the enterprise will try to maximize. This indicator will be
called the main resulting indicator. Operational or net profit can be an example of this main resulting
indicator. Let us consider the case of adaptation of the enterprise when it consumes energy resources
and the prices for energy resources increases on the market. We can assume that the enterprise was in
its optimal state and it reached the maximum possible value of the main resulting indicator before
energy price increases. However, considering that the enterprise is a consumer of energy resources,
the growth of prices for them will lead to decrease in the value of the main resulting indicator at
any values of the parameters of adaptation. It is possible to express the following statement: under
the conditions of internal adaptation, the value of the resulting indicator cannot exceed its level,
which was before the rise in energy prices.

These considerations are important in terms of establishing the limits of opportunities of negative
effects compensation of rising prices for energy resources for enterprises that consume energy resources
because of the application of adaptation mechanisms.
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Changes in price for Factors of external environment of the enterprise that promote or hinder
ENergy carriers the process of its adaptation to changes in price for energv carriers

. .

Organizational, technical and technological measures of adaptation of the enterprise to
changing prices for energyv carriers

' ' . '

Changes in the Changes in prices Changes in Changes in
structure of the |e—| for products and |e—] energyv I—»| the structure
product range volumes of consumption per of energv
production unit of output resources
v v
Value of the resulting Changes in the values of the Value of the resulting
indicators of the —»| resulting indicators as a result of [—» indicators of the
enterprise's activity before adaptation of the enterprise to enterprise's activity after
the change in prices for changes in prices for energy adaptation to the changes in
energy carriers carriers energy prices

Figure 1. The general model of enterprise adaptation to changes in prices for energy carriers.

3.2. Choice of Indicators of Adaptability of the Economy to Changes in Prices for Energy Carriers and
Justification of the Method of Decomposition of These Indicators

The proposed approach to construct indicators of adaptability of the economy to changes in
energy prices should be explained by the example of an individual enterprise that consumes a certain
type of energy resources. We choose two consecutive time intervals—base and reporting. We suppose
that the price for this type of energy resource has a tendency to increase. Then, the enterprise’s costs
for this energy resource would increase in proportion to the increase in its prices in the situation when
the value of all other indicators of the internal and external environment of the enterprise remained at
the basic level in the reporting period. Accordingly, its operating profit would decrease by the same
value that we would name “the potential losses of the enterprise”. Decrease of operating profit to a
lesser extent or even its increase would indicate a certain adaptation of the enterprise to the growth of
prices for this energy resource. Under such conditions, the level of this adaptation could be estimated
by the ratio of potential loss of profits that the enterprise avoided thanks to adaptation to the overall
volume of these potential losses:

C—(h—P) _, PR-P

W= T e “>

where I,,—the indicator of adaptability of the enterprise to rising prices for a certain type of energy
resources by operating profit, share of unit; C,—potential value of the enterprise’s losses due to rising
prices for this type of energy resources, monetary units; P, Pp—value of enterprise operating profit in
the reporting and the base period, monetary units.

Considering this, it is possible to carry out a qualitative assessment of the level of adaptability of
the enterprise to rise of prices for energy carriers by grading the values of the indicator (1). In particular,
if the value of this indicator is less than zero, then this will indicate a negative adaptation. If the value
of the indicator (1) exceeds one, then this is a sign of hyperadaptation. There is no adaptation if the
value of the indicator (1) is zero. In addition, by dividing the numerical gap from zero to one into three
equal parts, we can identify the sets of values of the indicator (1) that correspond to the low, average
and high level of adaptability of the enterprise to the rise in energy prices.

We need to note that the indicator (1) refers to the case when price of energy resource used by the
enterprise which acts as the consumer of this energy resource rise. If the price for energy resources in
the reporting period is lower than in the base one, the indicator of adaptability of the enterprise for
this case can be submitted in the form of the following formula:

h—P

L @

’
I,Zp =
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where I;p,—the indicator of the adaptability of an enterprise that consumes a certain energy resource,
to a decreasein its prices for operating profit, share of unit; P.—the potential value of an enterprise’s
profit growth due to a decrease in prices for this type of energy resources, monetary units.

It should be noted that the adaptability indicators, which are similar to indicators (1) and (2), can
be constructed also for those enterprises which produce energy resources.

In general, indicators (1) and (2) can describe the level of adaptability to changes in energy prices
not only for individual enterprises but also for the economic sectors. At the same time, along with
these indicators, the level of such adaptability will be characterized by more partial indicators that
meet certain parameters of adaptation. Given this, Figure 2 presents the sequence of the process of

assessing adaptability of the economy to changes in prices for energy carriers.

‘ 1. Collection of output data by sectors of the economy for the studied periods of time |

.

| 2_ Ewaluation of the level of adaptability of the economy sectors to changes in energy prices ‘

According to the results of enterprises According to the parameters of adaptation of
activity (operating and net profit. added enterprises to changes in energy prices
wvalue, ete.) (growth rates: prices for products. physical
volumes of production, physical expenses of
¢ different tvpes of energv resources per unit
of products physical volumes and other
3. Decomposition of the level of e indicators)
adaptabilitv of the economy sectors
il

4. Division of economic sectors into groups by the level of their adaptability to changes in energv
prices and identify of the causes of differences at this level in various sectors.

!

5. Determining the impact of changes in energy prices on the level of adaptability of the economic
sectors to the changes in energv prices

Figure 2. The sequence of assessing the adaptability of the economy to the changes in energy prices.

As we can see from the formulas for the calculation of indicators (1) and (2), the value of these
indicators depends on the magnitude of the change in enterprise’s profits in the reporting period
compared with the base period. At the same time, the value of the change in profit is determined by
changes in other indicators. In order to evaluate the effect of these changes on the values of indicators
(1) and (2), a method of decomposition of these indicators can be used. To do this, the values of the
indicators (1) and (2) should be presented as the sum of several numbers, each of which corresponds
to a certain factor, which affects the values of these indicators.

For most economic sectors, production of a large number of different types of products is inherent.
Therefore, in the process of decomposition of the values of indicators (1) and (2), the indices of those
indicators, the influence of which causes these values, should be used. For example, the indicator (1)
can be presented by following formula:

Pl_PO:1+R1_C1_E1_(RO_CO_EO)

I :1 2
=1t C.

®)

where R;, Rp—the income (revenue) from sales of products by economic sectors without indirect taxes
in the reporting and base periods, monetary units; C;, Co—general operating expenses of enterprises
of the economy sector, except the energy costs, in the reporting and base periods, monetary units; Ey,
Eo—energy costs of enterprises in the economy sector in the reporting and base periods, monetary units.

Using the indices of the corresponding indicators, expression (3) can be presented in
following formula:

Ro-Ip I+ Co-Ip-Ie+ Eg-Ipe - Iy - I — (R — Co — Ep)
Eo - (Ipe — 1) '

Lp=1+ 4)
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economy sector; I,—index of physical volumes of sales of products (I, = Ry/(Rolp)); I-—index of
operating expenses, except energy costs, calculated per unit of physical volume of production (I. =
C1/(Coly)); Iye—energy resources price index; [,—the index of physical volumes of energy consumption
per unit of physical output (I, = E1/(Eolpely)).

Note that the presented method for calculating the I, index is based on the fact that the income
(revenue) from sales of products (i.e., R1/Ry) is the multiplication of I, and I,. Also note that all used
indexes are dimensionless values.

Consequently, the indicator (4) can be calculated directly from empirical data.Further, to determine
the effect of individual factors on the indicator (4), it is expedient to decompose this indicator. Then the
indicator (4) can be submitted as the sum of its five components, namely:

Iup = Iapl + Iap2 + Iap3 + Iﬂp4 + Iap5r ()

where I,,1—the part of the value of the indicator (4), which is due to changes in prices for products;
Izpo—the part of the value of the indicator (4), which is due to changes in physical volumes of sales
of products; I;p3—the part of the value of the indicator (4), which is due to changes in operating
costs, except for energy costs, calculated per unit of physical output; I,y4—the part of the value of
the indicator (4), which is due to changes in the physical volumes of energy consumption per unit
of physical output; I,p5—the residual value of the indicator (4), which is due to the joint effect of the
listed changes (Iops = lop — (Iap1 + lap2 + lap3 + lapa)).
In turn, the listed components of the indicator (5) can be calculated according to the formulas:

_RO-(Ip—l)_ Ip—l
Iapl N E0 : (Ipe - 1) B ap - (Ipe - 1)’ (6)
_(Ro—Co—Eg) - (I—=1) by (I —1)
IapZ* EO'(Ipe_l) B aO'(Ipe_l)l (7)
G- (I.—-1) I.—1
I””S__EO.(I,,E—l) T (Ipe—1) ®)
Iap4: _(16_1)/(1176_1)/ 9

where ap—the energy intensity of products of the economic sector in the base period (a9 = Ey/Ry);
bo—the share of operating profit in the income of enterprise in the base period (by = (Ry—Co—Eg)/Ro);
co—the ratio between energy costs and other types of operating costs in the base period (co = Ey/Cp).

It should be noted that for the calculating the index of physical volumes of sales of products I,
contained in Formulas (4) and (7), the prices of products are the weights. More accurate results can be
obtained if, in calculating the values of the index, which in the Formula (4) are index factors and, the
weights would be not prices for products, and the corresponding monetary costs for its unit.

It is possible to obtain more accurate results. In order to do this, the weights in Formula (4) for
calculating the values of the index I, can be changed from prices for products to the corresponding
monetary costs per unit of production. Then in Equation (4), where the index I, is used three times, its
values would be somewhat different all three. Accordingly, Equation (7) would be slightly modified.
It is advisable to consider these particularities if the level of an individual enterprise is investigated
and, accordingly, there is a sufficient array of necessary information. However, at the level of national
statistics, at least for the case of Ukraine, the sectored values of the index of physical volumes of sales
can only be obtained through the use of price weights.

It should also be noted that the use of aggregated indices greatly complicates the assessment
of the impact of changes in the product assortment structure and changes in the structure of energy
resources on the level of adaptability of the industries. In fact, the influence of these factors as if
“dissolves” in these indices, in particular, in the energy resources price index. It is much easier to
evaluate the impact of these factors at the level of individual companies, since there is a larger body
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of necessary information. In general, you can calculate the energy resources price index twice: in the
base and reporting structure of the product assortment and energy resources. If the second value of
the energy resources price index is smaller than the first one, the effect of the change in structure is
positive. However, despite the objective disadvantages of aggregated indices, the decomposition of
the indicators of adaptability of the economic sectors gives an opportunity to get a general idea on the
extent of the influence of factors on the values of these indicators.

3.3. Modeling the Relationship between Stability, Sensitivity and Adaptability of the Economic Sectors to the
Rise in Energy Prices

The high level of adaptability of a particular enterprise or economic sector to the change in prices
for energy resources is undoubtedly a positive phenomenon. However, there may be a situation
where the level of such adaptability is not very high; however, the change in energy prices does not
significantly affect the change in the profit of a particular enterprise or economic sector. This case
is possible, for example, when the share of energy costs in the total cost of production is small.
Accordingly, the enterprise or industry has a low sensitivity to changes in energy prices and it is
resistant to these changes.

In view of this, it is advisable to investigate the relationship between the stability, sensitivity and
adaptability of the economic sectors to changes in energy prices. The stability of the economy will be
measured by its operating profit. The following indicator can be used for this purpose:

S=(Py—AP)/Py= P/ P, (10)

where S—the level of stability of a certain sector of the economy by the size of operating profit, share
of unit; Py, Py—the base and new value of operating profit, monetary units; AP—change in operating
profit, monetary units.

With regard to the sensitivity of a particular economy sector to the change in energy prices,
the relative level of this sensitivity can be estimated by the expected share of the change in operating
profit. At the same time, we assume that there is no effect of adaptation of the enterprises of the
economy sector to changes in energy prices. The relative sensitivity level of a particular economy
sector to the change in energy prices will be directly proportional to the magnitude of such a change:

Sen(d) = Eo-d/Py, (11)

where S, (d)—the relative level of sensitivity of a certain sector of the economy to the change in energy
prices, share of unit; E)—the basic value of energy costs in analyzed sector of the economy, monetary
units; d—average relative increase of prices by types of energy carriers, share of unit.

Note that the index d in Equation (11) is calculated by subtracting a unit from the energy resources
price index, which appears in Equation (4), thatis, d = I, — 1. Let us consider now in more detail
the case when energy prices tend to increase, and enterprises of a certain sector of the economy act as
consumers of these energy carriers. Under such conditions, the sensitivity of the economic sector to
changes in energy prices can be identified with the vulnerability of the enterprises of this economic sector
to these changes. In this case, the indicator (10) can be applied as follows:

_P_, R-P_, P-P Ed

5_%_ Py Eo-d Py '

(12)

According to Equation (1), the following equality is fair:

(PO*Pl)/(EO'd):lflapr (13)
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Based on Equations (12) and (13) we obtain a formula that describes the relationship between the
stability, sensitivity and adaptability of the economy in relation to the growth of energy prices:

S=1—(1—1Iup) - Sen(d), (14)

There is some interest in the question of how the sensitivity of a certain economic sector to the
rise in prices for energy carriers after adaptation to such growth will change. To quantify this change,
it can be used the following indicator:

_Senl(d) _ El'd EO'd _E
Isen_senO(d)_< Pl )/< PO )_ S’ (15)

where I;;—the growth rate of sensitivity (vulnerability) of the economy to the increase in energy

prices in the reporting period compared with the previous period; Se;1, Seng—the relative level of
sensitivity of a particular sector of the economy to the change in energy prices, respectively, in the
reporting and previous periods, the share of unit; E;—amount of energy resources expenditures in the
reporting period, monetary units; T.—the growth rate of aggregate energy carriers costs in terms of
value in the reporting period in comparison with the previous period (T, = E1/Ej).

Based on the results obtained above, it is possible to construct a model for the relationship
between the sustainability, sensitivity and adaptability of the economy to the increase in energy prices.
This model is presented in Figure 3. From this model, in particular, we can see the fact that the
sensitivity and adaptability of the economy to the increase in energy prices cannot be considered as
completely independent of each other characteristics.

The rate of sensitivity {(vulnerabilitv) of economyw sector to increase of energv prices in the
reporting period compared with the previous period

T i

Sustainability of the economy to the increase of energwy prices in the
reporting period

i i
Sensitivity (vulnerabilityv) of the The lewvel of adaptability of the economyw
economy sector to the increase in sector to increase of energy prices in the
energyv prices in the reporting period reporting period for operating profit
at the actual level of these prices
G |
Changes in the indicators of activity of
Indicators of activity of enterprises of enterprises of this sector of economy in the
the given sector of economy in the reporting period comparingto the previous
previous period period
Energyv intensity of Product price index ‘
1 production

P - it <h - Operating costs index. except
L perating profit share in for energy costs, calculated per
revenues of enterprises unit of phwvsical volume of

products

The ratio between the cost of
energy and other types of operating
costs

Index of physical volumes of sales

The growth rate of aggregate energy
costs in the reporting period compared
to the previous period

Energv price index

Index of phwsical volumes of energwv
consumption per unit of phvsical output

Figure 3. Model of the relationship between the sustainability, sensitivity and adaptability of the
economy to the increase in energy prices.

3.4. Modeling the Impact of Energy-Saving Technological Changes on the Level of Adaptability of the Economy
to Rising Energy Prices

The implementation of energy-saving technologies is one of the main ways of adaptation of the
economy to increasing energy prices. Hence, the rising energy prices can be seen as an incentive for
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enterprises to introduce energy-saving technologies, and such an introduction, in turn, will act as an
instrument for adapting the economy to increasing energy prices.

We simulate the situation when there is a gradual increase in prices for a certain type of energy
resources. Suppose that the enterprise that uses this type of energy resource implements technology
that reduces energy costs per unit of output. At the same time, physical volumes of production and
prices for it remain unchanged at any level of prices for energy resources. Then the difference between
the size of the enterprise’s profit before the rise in energy prices and the size of the enterprise’s profit
after such growth will be described by the following formula:

AP, = Py = Py = (Reo = Coo = Ec0) = (Rio = Coo = Eeo* Tpe - Tye = Cat) = Eeo- (Tpe - Tpe =1) +Cat (16)

where AP—the difference between the size of profit of the enterprise before the rise in energy prices
and after the rise in energy prices, provided that the enterprise implemented energy-saving technology;,
monetary units; P9, P,y—profit of the enterprise before the rise in energy prices and after the
rise in energy prices, monetary units; R.p—the revenues from sales of enterprise without indirect
taxes, monetary units; C.o—operating expenses of the enterprise, except the cost of purchasing this
energy resource, before the energy price growth, monetary units;E.o—the costs of the enterprise to
purchase this energy resource before the increase its prices, monetary units; Tr—rate of reduction of
physical volume of energy consumption per unit of output after the implementation of energy-saving
technology; Tpe—rate of growth of prices for this type of energy resources; C,;—additional operating
costs of the enterprise related to the implementation of energy-saving technologies, in particular,
the cost of paying interest on the loan, if this implementation is financed by the loan, monetary units.

Let’s substitute expression (16) in Equation (1) instead of P; —Py. It should be noted that in this
case C, from Equation (1) is E¢o:(Tpe — 1). Taking into account these considerations we obtain:

Eeo- (Tpe+ Tpe = 1) +Car
Ewo - (Tpe — 1) ’

Igpg = 1 - (17)

where I;p,—the indicator of adaptability of the enterprise to the increase of prices for a certain type of
energy resources due to the implementation of energy-saving technology, share of unit.

The mathematical analysis of the indicator (17) as a function of Tpe shows that this dependence
is increasing and it has a limit of growth that is equal to 1 — Tre. At the same time, the indicator I;pe
takes negative values to a certain value of the growth rate of energy prices. We can see an example of
negative adaptation. However, this analysis does not set the maximum limit for a possible increase
in energy prices, shows that it is expedient for an enterprise to implement energy-saving technology.
However, it is obvious that this limit always exists under conditions of constant prices for products
manufactured by the enterprise. Also, we should take into account the possible limitations on the
financial resources available for the enterprise.

Suppose that currently the company does not have its own funds to finance the project of
implementation of the energy-saving technology, which is why this enterprise will use a bank loan.
Then the implementation of energy-saving technology would be appropriate if the expected increase
in the profit from such an implementation would be no less than the amount of paid interest on the
loan. Therefore, the minimum possible rate of growth of prices for this type of energy resources, in
which the implementation of energy-saving technology becomes appropriate, can be determined from
the following equation:

(EeO —Ee- Tfe) “Tper = Cin - 1, (18)

where Tj.1—the required minimum possible value of the growth rate of energy prices at which
the implementation of energy-saving technologies is appropriate; C;,—needed investment in
implementing energy-saving technologies, monetary units; —interest rate, share of unit.
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In order to simplify the above models, it is assumed that, besides the expenses of loan servicing,
the enterprise has no other current expenses associated with the implementation of energy-saving
technology. If such costs exist, then they should be added to the cost of loan servicing.

From Equation (18) we obtain:

T Cin'r

pel = m/ (19)

On the other hand, the maximum possible value of the growth rate of energy prices, in which the
enterprise can fully pay interest and repay the principal amount of a loan, can be determined from the
following equation:

Eeo - Tfe ’ TpeZ =Py+ Eeo — Cb/ (20)

where Tper—the required maximum possible growth rate of energy prices, in which the enterprise can
fully pay interest and repay the principal amount of the loan; C;—total value of interest and principal
amount of the loan taken to finance the implementation of energy saving technology for a certain
period of time, for example, for a year, with a uniform method of its return, monetary units.
Equation (20) follows from the fact that the cost of purchasing energy resources should not exceed
the amount of initial profit and costs of purchasing energy resources before the increase its prices
minus interest and principal amount of the loan. This assertion follows from proposed condition
that physical volumes of production and prices on it remain unchanged at any level of energy prices.

From Equation (20) we obtain:
Py+ Eoo — Cy

, 21
EeO : Tfe ( )

TpeZ =

Suppose now that the company will not introduce energy-saving technology. Then the maximum

possible rate of growth of prices for energy resources, which will ensure the break-even activity of the
enterprise, will be determined from the following equation:

Eeo - TpeB = Py + Eeo, (22)

where Tp.3—the required maximum possible growth rate of energy prices, in which the enterprise can
provide break-even activity without the implementation of energy-saving technology.

Equation (22) follows from the fact that the cost of purchasing energy resource at a certain level of
prices for this energy resource should not exceed the amount of initial profit and the cost of purchasing
energy resources before increase its. From Equation (22) we obtain:

Tpes =1+ Py/Eeo, (23)

Thus, with the growth rate of energy prices from 1 to T, and from Ty, to Tpe3 the replacement
of existing technology with energy-saving technology is inappropriate. Accordingly, in these intervals
of growth rate of energy prices the level of adaptability of the enterprise to changes in prices for energy
resources will be zero. At the same time, in the interval between the values of the growth rate of energy
prices from Tpeq to Tpep the replacement of existing technology is appropriate. Accordingly, the level of
adaptability of the enterprise to changes in energy prices in this gap will be a growing function of the
rate of these changes (Figure 4).

Thus, the process of adaptation of the enterprise to the increase of energy prices due to
implementation of energy-saving technologies can take place only at a certain range of these prices.
At the same time, this conclusion applies not only to enterprises, but also to households, state and local
authorities. The difference relates only to initial profit indicator P.,, which appears in the formulas
above. In the case of households, the indicator of maximum possible income of a particular household
which can be spend on paying for the energy resources should be considered instead of initial profit
indicator P,,. For the authorities, the maximum possible amount of revenues of the state or municipal
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budgets, which can be spend on purchasing energy resources, should be considered instead of the
indicator Pe,.

lape A
1 —]

0 | ! | | ™ Tpe
1 Tpl Tp2 Tp3

Figure 4. Schematic representation of dependence of the indicator of adaptability of the enterprise to
the increase of prices for a certain type of energy resources Iy, from the growth rate Tp..

In particular, consider the case of borrowing households for the thermo-modernization of housing.
The urgency of the problem of reducing the consumption of natural gas in the residential sector of
Ukraine is due to the fact that a significant increase in prices for natural gas is almost inevitable in the
near future. The growth of prices for natural gas is one of the conditions under which the International
Monetary Fund agrees to continue lending to Ukraine.

In order for a particular household to be interested in taking a loan for the implementation of
measures for thermo-modernization, two following conditions must be fulfilled. Firstly, the amount
of savings on the cost of paying for thermal energy should be no less than the amount of interest on
the loan. Secondly, households should have sufficient income to pay the loan and interest thereon.
Taking into account the factor of growth of prices for natural gas, these two conditions can be
formalized as follows:

EgO")"TngCig'(l_,B)'r/ (24)
Chg (1-B) <R, - Ego - (1—7)- Tyg, (25)

where Egp—annual household expenses for the payment of thermal energy at the basic level of gas
prices, monetary units; y—share of reducing the cost of thermal energy after the implementation of
a certain measure of thermo-modernization; Tg—rate of increase in gas prices relative to the base
level of prices; Cj,—investment expenditures necessary for the implementation of a certain measure of
thermo-modernization, monetary units; f—share of these expenditures, which is reimbursed by the
state; r—annual interest rate, share of unit; Cp,—annual expenses for servicing and repayment of the
borrowed loan, provided that the state does not compensate part of the expenditures of households for
thermo-modernization, monetary units; R;,—the maximum possible part of the household income that
it can use to pay for heat energy and for servicing and repayment of the loan, monetary units.
From the expressions (24) and (25) we obtain:

.Bminl(Tpg) =1- (EgO Y Tpg)/(cig ) =1- eg - Tpg/, (26)
Bunina (Tpg) =1 — Rh*EgO'C(;*’Y)‘TPS —1_ Ego'v’Eg?g'gU*'Y)'Tpg —-1— W’ (27)

where Bnin1(Tpg)—the minimum possible value B, at which the inequality (25) is performed
as a function of Tpg, share of unit; e,—the efficiency of investing in a particular measure of
thermo-modernization at the basic level of gas prices, share of unit (eg = E¢oy/Cig); Bmin2(Tpg)—the
minimum possible value B, at which the inequality (25) is performed as a function of T, share of
unit; v—the ratio of the part of the household’s income that it can use to pay for heat energy and for
servicing and repaying the loan to the cost of paying for heat energy at the base level of gas price,
times (v = Rj,/ Egp); w—the ratio of annual household expenses to servicing and repaying the loan to
its initial value (w = Cpg/Cjg).
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Considering that the indicator § cannot be negative, we finally get:

:Bmin(TPg) = max{0; Bmin1 (Tpg)r' 5min2(Tpg) }r (28)

where Buin(Tpg)—the minimum share of investment expenditures for a certain measure of
thermo-modernization, which is reimbursed by the state, at which the household will be able to
use the program of crediting these measures, as a function of T)g.

In the future, we will call the indicator v from the Equation (27) the coefficient of household
expenditure coverage. The proposed models (24)—(28) will be used in conducting an empirical analysis
in Section 4.4.

3.5. Justification of Indicators of Adaptability of the Economy to Risks of Energy Markets

Among the various types of energy markets risks, the most important risks from the point of
view of consumers of a particular type of energy resources are the following: threat of rising prices
for energy resource and threat of insufficient supply volumes of energy resource. The first type of
risk relates primarily to enterprises and households. The management of the second type of energy
market risk is the responsibility of the governments of countries when developing state strategies of
energy security.

Firstly, let us consider the methodological approaches to assessment of the level of adaptability of
economic sectors and certain enterprises to the risk of rising prices for energy carriers. The indicators
Py and P; represent the profit of economic sector or individual enterprise in the previous and reporting
periods. It is best to consider operating profit or profit before tax. The indicators E,y and E,; represent
the expenses of the economic sector or individual enterprise for the purchase of certain energy resource
in the previous and reporting periods. Finally, the indicators P,y and P.; mean the average purchase
price of this energy resource in the previous and reporting periods.

Then the maximum possible value of the price for analyzed type of energy resources, which will
provide the break-even activity, according to data of previous period will be determined from the
following equation:

Eeo - pemo/ peo = Eo + Po, (29)

where pe0—the maximum possible value of the price for analyzed type of energy resources, which
will provide the break-even activity of economic sector or individual enterprise in the previous period,
monetary units.

From Equation (29) we obtain:

Pem0 = Pe0 * (1 + PO/EO)/ (30)

For the reporting period Equation (30) is transformed into:

Pem1 = Pel - (1 + Pl/El)/ (31)

where p.;;1—the maximum possible value of the price for analyzed type of energy resources, which
will provide the break-even activity of economic sector or individual enterprise in reporting period,
monetary units.

Thus, the comparison of indicators (31) and (30) is one of the possible ways of assessing the
adaptability of the economic sector or individual enterprise to the risk of rising prices for a particular
type of energy resources:

_ Pemt _ pa (1+P/Ey) 1 (I+P/Ey)

el | =Tt 2 32
Pono P (15 Po/Eo) — 1P (T4 Ry/Eo) (32)
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where I,;,—the level of adaptability of the economic sector or individual enterprise to the risk of rising
prices for a particular type of energy resources; T;}e()
energy resources in reporting period compared with previous period.

In the case where the value of the indicator (32) exceeds one, this indicates an improvement in the
adaptation of the economic sector or individual enterprise to the risk of rising prices for a particular
type of energy resource. Indicator (32) refers to one type of energy resources. However, this indicator
can be also applied to the totality of energy resources used by particular economic sector or enterprise.
In this case, indicators E,g and E.1 will represent the expenses of the economic sector or individual

enterprise for the purchase of all kinds of energy resources. Instead of indicator T; »0 it is necessary

—the rate of growth of prices for a certain type of

to use the index of prices for these energy resources. However, the indicator (32) has a significant
disadvantage: using this indicator does not take into account the possibility of the economic sector
or enterprise to adaptation to the increase in energy prices. However, the direct consideration of this
circumstance is an extremely difficult task. This is due to the need to predict the adaptability level of
the economic sector or enterprise to change in price for energy resources, depending on the magnitude
of this change. However, the reverse statement of the problem is possible when a certain high value of
prices for energy resource is set.

Then we can determine the minimum level of adaptation to this value, which will ensure the
break-even activity of a particular economic sector or enterprise. This minimum level of adaptability
can be determined using the following formula:

Py
Eo - (pea/peo — 1)

where Iy (Pgg)—the minimum level of adaptability of the economic sector or individual enterprise in
the previous period to a certain price for energy resource P,; provided the breakeven activity of this
economic sector or enterprise.

Note that Equation (33) is obtained from expression (1) provided that indicator P; is zero.
This condition stems from the task of ensuring the break-even activity of a certain sector of the
economy or a certain enterprise. Then the indicator of adaptability of the economic sector or individual
enterprise to the risk of rising prices for energy resources to indicator P,; will be the following;:

/ Iapl(ped) < Py ) ( P )
e = ] = 1 - 1 - ’ 34
apr(P d) IapO(ped) E1- (ped/per — 1 / Eo - (Pea/peo —1) o9

where [ ,;pr(Ped)—the level of adaptability of the economic sector or individual enterprise to the risk of
rising prices for a particular type of energy resource, taking into account the possibility of adaptation
of this economic sector or enterprise to such growth. The indicator I;;1(P,y) is a similar indicator (30),
but it is calculated according to the data of the reporting period.

In the case where the value of the indicator (34) is less than one, this indicates an improvement
in the adaptation of the economic sector or individual enterprise to the risk of rising prices for a
particular type of energy resource. However, the indicator (34) relates to a separate type of energy
resources. In order to use this indicator for the entire aggregate of energy resources used by the
economic sector or enterprise, it is necessary to set a certain value of the index of growth of prices for
these energy resources.

Considering the regularities of adaptation of enterprises to the increase of prices for energy
resources, it is necessary to distinguish the case when the measures of such adaptation do not provide
sufficient profitability for enterprise at the existing prices for these energy resources. However,
the profitability of these measures becomes quite high with the increase in energy prices. This case
concerns adaptation, which requires the investments in its implementation. In such conditions,

(33)

IupO(ped) =1-

the enterprises invest excessive amounts of money in realization of measures for adaptation to the
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growth of these prices. Such excessive investments can be called the cost of adaptation of energy
consumers to the risks of energy markets.

The concept of the price of adaptation to energy risks is important in developing a state strategy
for managing these risks. The issue of compensating the price of adaptation for the consumers of
energy resources by the state or municipal budgets can be considered in the state strategy. This is
especially necessary for consumers of imported energy resources. The reducing the consumption of
such type of energy resources is one of the main areas of management of the risk of insufficient supply
of energy resources.

One of the possible approaches to assess the level of adaptability of the economy to the risks of
insufficient supply of energy resources is to compare the amount of net imports of a particular type
of energy resources during the reporting period with the magnitude of this import in the previous
period. It is also possible to compare the magnitude of imports of energy resources by sources of
supply, which are divided by their degree of reliability.

Consequently, the assessment of the level of adaptability of the economy to the risks of energy
markets should provide the comparison of the values of certain indicators for the reporting period with
their values for the previous period. The result of such comparison should make possible to conclude
about the nature of the change in the level of adaptation of sectors of the economy or individual
enterprises to the risks of energy markets.

4. Empirical Analysis

This section introduces the general characteristics of adaptation process of Ukrainian economy to
changes in energy prices.Then, an estimation of adaptability level ofcertain sectors of the economy of
Ukraine to changes in energy prices is conducted.In the Section 4.3, the estimation of adaptability of
certain sectors of the economy of Ukraine is carried out to risks of energy markets.In the Section 4.4,
the estimation of stimulation possibilities of measures on thermo-modernization of buildings by
increasing prices for gas is evaluated.To perform the empirical analysis, Microsoft Excel was used.
Data charts were prepared in R 3.4.1 using the ggplot2 visualization package.

4.1. General Characteristics of the Process of Adaptation of Ukrainian Economy to Changes in Energy Prices

The peculiarities of the process of adaptation of Ukrainian economy to changes in prices for
energy carriers are largely due to the structure of energy consumption and the volumes of import
and export of certain types of energy resources. As follows from the data (Figure 5), consumption
of coal and peat (32.4%) and natural gas (27.9%) had the biggest share in volume of primary energy
consumption of the Ukrainian economy in 2016. At the same time, the share of renewable energy
sources was very low (about 4%). In this regard, renewable energy sources currently do not have a
significant impact on the potential of Ukrainian economy to adapt to rising energy prices.

5 coal and
32.4% beat

natural
gas

atomic
23.2% energy
o crude oil,
e petroleum products
3.9% renewable

energy sources

Figure 5. The structure of energy consumption of Ukrainian economy in 2016. Source: [88].
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It should be noted that for the Ukrainian economy there is a steady tendency towards the growth
of energy prices during the last decade. Figure 6 shows the dynamics of such price growth for certain
types of energy resources of respective years in the national currency of Ukraine. As it follows from
this figure, the price of natural gas for commercial consumers increased by 11.25 times from 2007 to
2016, the price of electricity increased by 4.93 times and the price for imported crude oil by 3.09 times.
At the same time, in 2015-2016 the Ukrainian economy was characterized by rather strong inflation.
Therefore, price for crude oil in the national currency of Ukraine tended to moderate growth in spite of
the general tendency to decrease the world prices for it during this period.

12
natural gas

10

electricity

crude oil
2 /hf/—/

2009 2010 2011 2012 2013 2014 2015 2016

Figure 6. Growth rate of prices for certain types of energy resources for commercial energy consumers
in Ukraine in the national currency relative to 2007. Source of information: [88].

It should also be noted that prices for energy resources in Ukraine are set predominantly by
the government or its authorized bodies. This feature of energy pricing is one of the reasons for
significant differences in the dynamics of prices for various types of energy resources consumed by the
Ukrainian economy.

The process of adaptation of the Ukrainian economy to changes in energy prices and to risks
of energy markets is complicated because of the high level of energy intensity of Ukraine’s gross
domestic product (GDP). From the data presented in Figure 7, this level was approximately two times
higher than the world average level in 2016 and three times higher than the average energy intensity
of the EU’s GDP. We also note that the level of energy intensity of Ukraine’s GDP is significantly
higher compared to such economically developed countries as the US and Germany or as China
and Poland, which are developing rapidly. High energy consumption of housing and communal
services of Ukraine, significant level of amortization and depreciation of fixed assets of enterprises,
insufficient rates of implementation of energy-saving technologies and other factors are the causes of
this phenomenon.

However, as can be seen from Figure 7, there is a general tendency to reduce the energy intensity
of Ukraine’s GDP. This tendency is one of the signs of adaptation of the Ukrainian economy to increase
in energy prices. Also, the decline in the energy intensity of Ukraine’s GDP naturally causes an increase
in the adaptability of its economy to the risks of energy markets.

The change in the energy intensity of Ukraine’s GDP for 20072016 years is illustrated in Figure 8.
This figure also shows the dynamics of some other indicators that characterize the process of adaptation
of the Ukrainian economy to changes in prices for energy carriers and to the risks of energy markets.
For this dynamics the volumes of energy consumption were measured in tons of oil equivalent.
According to the data presented in Figure 8, the energy intensity of Ukraine’s GDP decreased by 20%
from 2007 to 2016, the total energy consumption decreased by 34%, the volume of energy imports
decreased by 55%, and the share of import in total energy consumption decreased by 32%. Instead,
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the consumption of renewable energy sources increased by 52% over the studied period, while the
share of renewable energy in total energy consumption increased by 2.31 times.

Figure 7. Dynamics of the level of energy intensity of GDP in 20002016 in kg of oil equivalent per 1

USD per purchasing power parity of 2005. Source of information: [89].
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Figure 8. The rate of change in individual indicators that characterize the process of adaptation of
the Ukrainian economy to changes in energy prices and to risks of energy markets, relative to 2007:
1—energy intensity of GDP; 2—total energy consumption; 3—volume of import of energy; 4—share of

import in the total energy consumption; 5—volume of renewable energy sources; 6—share of renewable

energy in total energy consumption. Source of information: [88].

In relation to other aspects of the Ukrainian economy’s adaptation to the increase in energy prices,

it should be noted, in particular, that the share of natural gas in total energy consumption also reduced
(Figure 9). We can also note a decrease in the share of industrial energy consumption and an increase
in the share of domestic energy consumption in the total volume of energy consumption (Figure 10).
This trend is largely due to the change in the volume of natural gas consumption. In particular,
the volume of natural gas consumption by industrial consumers decreased by three times in 2016
(compared with 2007). At the same time, natural gas consumption by households, heat generating
companies and budget institutions decreased by less than 50% over this period [88]. In this regard,
the reduction of natural gas consumption in housing and communal services is one of the main tasks
that the Government of Ukraine has set in the development of the Energy Strategy of Ukraine for the
period up to 2035 [19].
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Figure 9. Dynamics of the structure of energy consumption in Ukraine by types of energy resources in
percentages. Source of information: [88].
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Figure 10. Dynamics of the final energy consumption structure in Ukraine by consumers types (%).
Source of information: [88].

The Energy Strategy of Ukraine envisages the achievement of an appropriate level of Ukraine’s
energy security, thereby increasing the level of adaptability of its economy to the risks of energy
markets. In particular, it is envisaged to significantly increase the share of renewable energy sources in
the structure of total energy consumption—up to 25% in 2035. It is also planned to reduce the level of
energy intensity of Ukraine’s GDP to 0.13 tons of oil equivalent per 1 US dollar.

Implementation of the state energy saving policy is carried out in Ukraine by a special government
body—State Agency on Energy Efficiency and Energy Saving of Ukraine. According to this agency,
more than 6.5 million individual homes and 88 thousand multi-apartment buildings require energy
efficiency measures. At the same time, the estimated need for investment in the implementation
of these measures is from 50 to 85 billion US dollars, and the expected reduction in natural gas
consumption is 8 billion cubic meters [90].

In order to implement energy efficiency measures in residential buildings in recent years, Ukraine
has implemented programs to finance these activities. In particular, partial compensation of household
expenses for the purchase of energy-efficient materials and equipment is foreseen by Ukrainian
government [22,24]. This compensation is financed from the state and local budgets of Ukraine, as
well as from funds of international financial institutions. The Energy Efficiency Fund established in
2017 by Ukrainian government will play an important role in this compensation.
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The gradual transition of individual households to solar energy consumption is also happening in
Ukraine. In particular, during last three years the number of households in Ukraine that have installed
private solar power stations has increased by about ten times [90]. This growth was facilitated by the
establishment of preferential tariffs for the sale of surplus electricity generated by these power stations.
These tariffs will be valid until at least 2030. Thus, the adaptation of the Ukrainian economy to the
increase in prices for energy carriers is definitely happening. However, a quantitative assessment of
the extent of this process requires additional research at the level of individual sectors of the economy.

4.2. Estimation of the Level of Adaptability of Certain Sectors of the Economy of Ukraine to Changes in
Energy Prices

In order to assess the level of adaptability of certain sectors of the economy of Ukraine to changes
in energy prices we selected twelve sectors of the economy. The choice of these industries was made
by two main reasons. Firstly, these industries are profitable, while many sectors of the Ukrainian
economy in recent years have suffered losses. It is important to assess the ability of these sectors of the
economy to undertake profitable activities under rising energy price conditions because they have a
significant impact on tax revenues in the state and municipal budgets. Secondly, the selected sectors of
the economy consume quite large volumes of energy resources, and some of them are characterized by
high energy intensity of production.

Estimation of the adaptability level of selected sectors of the Ukrainian economy to the growth of
energy prices realized by operating profit indicator. For the estimation of this level we used Formula
(1) taking into account the simultaneous consumption of several types of energy resources by the
enterprises. The research was carried out on the basis of the information provided in [91,92] about the
amount of operating profit of selected sectors of the economy, the physical volumes of consumption of
different types of energy carriers and the price of these energy sources (Table 1).

Table 1. The level of adaptability of sectors of the Ukrainian economy to the rise of prices for energy
carriers (2011-2016), shares of unit.

Sectors of the Economy 2011 2012 2013 2014 2015 2016
1. Agriculture and hunting 0.629 0.653 1.138 1.007 1.095 1.054
2. Forestry and logging 0.486 0.576 1.445 1.027 0.824 0.652
3. Production of food products 0.846 1.592 1.295 1.303 0.881 0.710
4. Production of beverages 0.554 0.445 0.724 0.886 0.520 0.664
5. Manufacture of clothes 0.512 0.519 0.302 0.709 0.503 0.497
6. Manufacture of footwear 0.666 0.504 0.799 0.587 0.634 0.588
7. Wood processing 0.513 0.421 0.602 0.757 0.843 0.549
8. Manufacture of leather and leather products 0.472 0.703 0.724 0.780 0.524 0.441
9. Manufacture of paper and paper products 0.571 0.424 0.603 0.747 0.664 0.516
10. Production of agrochemical products 0.555 0.512 0.697 0.648 0.316 0.595
11. Manufacture of pharmaceutical products and preparations 0.579 0.481 0.430 0.655 0.655 0.424
12. Engineering 0.612 0.673 0.626 0.598 0.476 0.629

As the data in Table 1 shows, the level of adaptability of the sectors of economy of Ukraine to the
rise of prices for energy carriers differs significantly both in the years of the investigated period and in
the sectors of the economy. However, it should be noted that none of the values presented in Table 1
is negative. This means that all sectors of the economy, which were selected for the study showed a
certain positive level of their adaptability to the rise of prices for energy resources. At the same time,
most indicators of the level of adaptability vary from 0.4 to 0.7. Consequently, the actual decline in the
profit of enterprises of sectors of the economy with such adaptability levels was, on average, 40-70%
lower than the potentially possible decrease in the profit of these enterprises due to the prices rising
for energy carriers. At the same time, for certain sectors of the economy in some years, the level of
adaptability even exceeded value one. In particular, it concerns agriculture and hunting, which at
present is one of the main export-oriented sector of the Ukrainian economy.

Let us consider now the influence of individual factors on the level of adaptability of sectors of
Ukrainian economy to the rise of prices for energy carriers. For this purpose, we use the proposed
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above method of decomposition of level of adaptability. The results of the decomposition of this level
of sectors of the Ukrainian economy to the increase of prices for energy carriers in 2015 comparatively
with 2014 are presented in Table 2. These results are obtained using Equations (5)—(9). Herewith, 2015
year was chosen as the reporting period due to the fact that the growth of prices for energy carriers in
2015 compared to 2014 was much stronger than in 2016 compared to 2015.

Table 2. The results of the decomposition of the level of adaptability of the sectors of the Ukrainian
economy to the rise of prices for energy carriers in 2015 comparatively with 2014.

Part of the Level of Adaptability that is Due to
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1. Agriculture and hunting 1.095 1.212 0.065 —0.158 0.076 —0.100
2. Forestry and logging 0.824 0.707 0.061 —0.136 0.089 0.102
3. Production of food products 0.881 1.008 0.054 —0.163 0.067 —0.084
4. Production of beverages 0.520 0.500 0.003 —0.031 0.100 —0.053
5. Manufacture of clothes 0.503 0.220 0.009 —0.008 0.084 0.197
6. Manufacture of footwear 0.634 0.628 0.008 —0.037 0.060 —0.025
7. Wood processing 0.843 0.815 0.051 —0.125 0.047 0.055
8. Manufacture of leather and 0.524 0483 ~0.002 ~0.019 0.136 —0.074
leather products
9- Manufacture of paper and 0.664 0.602 —0.012 0.037 0.071 ~0.035
paper products
10. Production of 0316 0.186 ~0.010 0.091 0.067 —0.017
agrochemical products
11. Manufacture of pharmaceutical 0.655 0.590 0.005 —0.015 0.048 0.027
products and preparations
12. Engineering 0.476 0.497 —0.004 —0.020 0.107 —0.103

According to the data presented in Table 2, for the most sectors of the Ukrainian economy
which are under consideration, the increase in prices for products of enterprises was the main factor
influencing their level of adaptability to the growth of prices for energy carriers in 2015. At the same
time, the change in the physical volumes of spending of energy resources per unit of physical volume
of the production (output) made a significantly lower impact on the level of adaptability. For some
sectors of the economy the impact of changes in physical volumes of products sales on the level of
adaptability was positive, and for other sectors, this impact was negative. This difference is due to the
fact that some sectors in 2015, compared with the previous year, increased the physical volumes of
sales of their products, while the other ones reduced them.

It should also be noted that according to the data presented in Table 2, the level of adaptability
of sectors of the Ukrainian economy to the increase of prices for energy carriers in 2015 varied
considerably in different sectors. Therefore, it is possible to carry out a qualitative gradation of the
economic sectors by the level of their adaptability, as presented in Table 3.

Thus, according to the data presented in Table 3, the vast majority of analyzed sectors of the
Ukrainian economy in 2015 were characterized by an average level of adaptation to the growth of
prices for energy carriers. At the same time, among the factors that contributed to the difference in
the level of adaptability of various sectors of the economy of Ukraine to the increase of prices for
energy carriers, the most influential were the following: the energy intensity of products and the price
index for products. This conclusion is supported by the data presented in Table 4. In particular, as it
follows from these data, the sectors with low energy intensity of products and a higher price index
were mainly characterized by a higher degree of adaptability.
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Table 3. The division of sectors of the economy of Ukraine in terms of their adaptability to the rise of
prices for energy carriers in 2015.

Intervals of Values of

Levels of Adaptability Sectors of Economy

Adaptation Level
Low From 0 to 0.33 Production of agrochemical products
Production of beverages; manufacture of
clothes; manufacture of clothes;

Medium From 0.33 to 0.67 manufacture of leather and leather
products; manufacture of paper and paper
products; manufacture of pharmaceutical
products and preparations; engineering

High From 0.67 to 1.00 Forestry and logging; pr.oductlon of food
products; wood processing
Hyper adaptability More than 1.00 Agriculture and hunting

Table 4. The division of sectors of the economy of Ukraine in terms of energy intensity of products and
the price index for products.

The Level of Energy Intensivity Price Index for Products of Sectors of the Economy
of Products of Sectors ! Low Medium High
Low ) Manufacture of clothes; manufacture of Agriculture and hunting;
footwear forestry and logging

Production of beverages; manufacture
of leather and leather products;

Medium Engineering manufacture of paper and paper Production of food Products;
products; manufacture of wood processing
pharmaceutical products

and preparations
High Production of R )

agrochemical products

! Energy intensity of products was estimated for 2014 and the price index for products was taken for 2015 compared
with 2014.

Table 5 provides information on these indicators for 2015 in order to determine the extent of the
connection between the individual indicators and the level of adaptability of the sectors of Ukrainian
economy to the increase of prices for energy carriers. In particular, Table 5 shows the value of the ratio
of costs on energy carriers to the operating profit of enterprises. The choice of this indicator is due to
the fact that according to Equation (11), it uniquely characterizes the relative level of vulnerability of
sectors of the economy to the growth of prices for energy carriers.

Based on the data presented in Table 5, the regression analysis showed that there is a rather
close connection between the rate of income growth and the level of adaptability (the determination
coefficient is 0.907 at the value of the F-criterion, which is 97.59). At the same time, the index of
physical volumes of costs of energy resources per unit of physical volume of production does not
significantly affect the level of adaptability (the determination coefficient is 0.13 at the value of the
F-criterion, which is 1.5). Herewith, the value of this index for most sectors is only slightly lower than
one, what can be explained by the lack of technological flexibility of enterprises. Eventually, there
is a fairly tight connection between the indicator of the ratio of spending on energy carriers to the
operating profit of enterprises and the level of adaptability. This connection is characterized by the
determination coefficient that is 0.89 at the value of the F-criterion, which is 86.66. Thus, sectors of the
economy which are less vulnerable to the growth of prices for energy carriers show a higher level of
adaptability to such growth.
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Table 5. Separate indicators that characterize or determine the level of adaptability of sectors of the
Ukrainian economy to the prices increase for energy carriers in 2015 comparatively to 2014.

Index of Physical The Ratio of
Adaptability The Growth Rate of Volumes of Costs of Spending/Costs of
Sectors of the Economy Level, Shares of Revenue from Sales Energy Resources Per  Energy Resources to
Unit of Products, Times Unit of Physical Operating Profit of
Output, Times Enterprises, Times
1. Agriculture and hunting 1.095 1.070 0.975 0.61
2. Forestry and logging 0.824 1.061 0.967 0.51
3. Production of food products 0.881 1.069 0.978 0.49
4. Production of beverages 0.520 1.026 0.962 0.37
5. Manufacture of clothes 0.503 1.020 0.968 0.33
6. Manufacture of footwear 0.634 1.031 0.979 0.40
7. Wood processing 0.843 1.059 0.983 0.48
8. Manufacture of leather and 0524 1.021 0.047 034
leather products
9. Manufacture of paper and 0.664 1.025 0.968 033
paper products
10. Production of 0.316 1.004 0.976 0.25
agrochemical products
11. Manufacture of ph'flrmaceutlcal 0.655 1.030 0.985 0.46
products and preparations
12. Engineering 0.476 1.021 0.964 0.28

4.3. Estimation of Adaptability of Certain Sectors of the Economy of Ukraine to Risks of Energy Markets

In order to assess the level of adaptability of certain sectors of the economy of Ukraine to the risk
of rising prices for energy carriers, we will use Equation (32), taking into account the simultaneous
consumption by enterprises of several types of energy resources. The results of the performed
calculations are presented in Table 6. In most years of the period under review, the level of adaptability
of economic sectors of Ukraine to the risk of rising energy prices exceeded the unit, which is a
positive phenomenon.

We need to assess now the level of adaptability of the economic sectors of Ukraine to the risk of
rising energy prices by Equation (34). We accept the index of possible increase in energy prices that is
equal to 1.7 in relation to actual energy prices in 2014.

As follows from the data in Table 7, for the most sectors of the economy, their level of adaptability
to the risk of rising energy prices is less than one. In calculating Equation (34) it is evidence of
an increasing degree of adaptation of the relevant industries to such risk. In other words, in 2015
compared to 2014, enterprises in most industries would have had to make less effort to adapt to rising
energy prices, if the index of such growth was 1.7. Moreover, those industries in which the minimum
level of adaptability to the risk of rising energy prices by 70% was negative, even without adaptation,
would remain profitable.

Let us now assess the adaptability of the Ukrainian economy to the risks of insufficient supply
of energy resources on an example of natural gas. The relevant indicators for this assessment are
presented in Table 8.

As it follows from the data (Table 8), we can see the tendency towards a general reduction of
natural gas consumption by the Ukrainian economy and a reduction of gas consumption per 1 billion
dollars US of GDP in 2011-2013. However, in 2015-2016 this trend has stopped. At the same time, the
share of imported gas in the total volume of consumption remains high enough. Thus, it is possible to
note the insufficiently high level of adaptability of the Ukrainian economy to the threat of insufficient
supply of natural gas.
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Table 6. The level of adaptability of sectors of the Ukrainian economy to the rise of prices for energy

carriers (2011-2016) 1.

Sectors of the Economy

The Adaptability Level of Sectors of the Economy of Ukraine to the
Risk of Rising Prices for Energy Carriers by the Years, Share of Unit

2011 2012 2013 2014 2015 2016
1. Agriculture and hunting 1.237 1.015 1.346 1.302 1.221 1.039
2. Forestry and logging 1.067 0.985 1.378 1.321 1.198 1.107
3. Production of food products 1.123 1.069 1.415 1.487 1.192 1.112
4. Production of beverages 1.076 0.978 1.242 1.444 1.429 1.089
5. Manufacture of clothes 1.058 0.987 1.198 1.138 1.146 1.066
6. Manufacture of footwear 1.061 1.079 1.273 1.156 1.161 1.045
7. Wood processing 1.152 1.041 1.212 1.205 1.199 1.083
8. Manufacture of leather and 1072 1115 1235 1329 1159 1.044
leather products
9- Manufacture of paper and 1.123 1.054 1.184 1.283 1.231 1.074
paper products
10. Production of agrochemical products 1.115 1111 1.186 1.299 1.091 1.082
11. Manufacture of pharmaceutical 1.093 1.106 1.188 1.212 1142 1.058
products and preparations
12. Engineering 1.146 1.075 1.218 1.285 1.130 1.090

! Information sources: [91,92].

Table 7. Results of the assessment of the level of adaptability of Ukrainian economic sectors to the risk

of rising energy prices by 70% in 2014-2015.

The Minimum Level of Adaptability to the Risk of
Rising Energy Prices by 70%, which Provides a The Level of Adaptabili
Economic Sectors to the Risk of

Sectors of the Economy

Break-Even Activity of Economic Sectors

ty of

Rising Energy Prices by 70%

2014 2015
1. Agriculture and hunting 0.133 —0.708 —5.322
2. Forestry and logging 0.265 —0.349 —1.315
3. Production of food products 0.307 —0.190 —0.619
4. Production of beverages 0.478 0.408 0.854
5. Manufacture of clothes 0.528 0.548 1.038
6. Manufacture of footwear 0.423 0.200 0.474
7. Wood processing 0.313 —0.255 —0.718
8. Manufacture of leather and 0507 0.457 0.900
leather products
9. Manufacture of paper and 0525 0.239 0.456
paper products
10 Production of 0.638 0979 1533
agrochemical products
11. Manufacture of phgrmaceutlcal 0.342 0.082 0.240
products and preparations
12. Engineering 0.604 0.713 1.180

Table 8. Indicators for assessing the adaptability of the Ukrainian economy to the risks of insufficient

supply of natural gas.
. Indicator Values by Years
Indicators

2011 2012 2013 2014 2015 2016
1. GDP in 2011 prices, billioninternational dollars 378.5 3794 379.3 354.5 319.8 327.2
2. Volume of gas consumption, billion cubic meters 53.7 49.6 41.0 40.6 31.8 32.0
3. Volume of gas consumption, billion m? for 1 billion international dollars of GDP 0.142 0.131 0.108 0.115 0.099 0.098
4. Volumes of gas imports, billion cubic meters 44.8 329 28.0 194 16.4 109
5. The growth rate of gas imports in relation to the previous year, times - - - - - -
6. Share of imported gas in the total volume of its consumption, share of unit 0.834 0.664 0.682 0.479 0.517 0.341
7. Gas consumption per 1 billion dollars of GDP, billion m3 0.142 0.131 0.108 0.115 0.099 0.098
8. Increase in the share of imported gas relative to the previous year, share of unit - - - - - -
Including due to changes in: - —0.170 0.018 —0.203 0.038 —0.176
8.1. Volume of own gas production - —0.144 0.073 —0.198 0.143 —0.180
8.2. Gross Domestic Product - 0.000 0.000 —0.022  —0.057 0.011
8.3. Gas consumption per 1 billion dollars of GDP - —0.026  —0.055 0.017 —0.048 —0.007
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4.4. Estimation of Possibilities of Stimulation of Measures on Thermo-Modernization of Buildings by Increasing
Prices for Gas

The low thermal insulation of most residential buildings and the inefficient use of thermal (heat)
energy are the main reasons for the high consumption of natural gas in the residential sector of
Ukraine. At the same time, the vast majority of households in Ukraine do not have enough own
funds to implement thermo-modernization measures. In this regard, the Government of Ukraine
has introduced a system of crediting household expenditures for the implementation of measures
of thermo-modernization [20,24]. The state must compensate certain percentage of household
expenditures for these measures.

Based on the information provided in [93] about the progress of the implementation of the state
lending program for individual measures of the thermo-modernization of residential buildings in
Ukraine, Table 9 presents the averaged indicators that characterize these measures. According to these
data, the effectiveness of investing in these measures at the base level of prices for natural gas is lower
than the interest rate. Thus, by partially lending these measures, the state thus transfers the costs of
adaptation to the risks of energy markets on its own expenses.

Table 9. Averaged values of the indicators characterizing individual measures of thermo-modernization
of residential buildings in Ukraine.

Averaged Values of Indicators for Individual Measures of the
Thermo-Modernization of Residential Buildings

Indicator Name Irl}Iset:Eg:oil;of Insulation of Installation of Air Installation of
. ving External Walls of Temperature Heat Recuperators
windows on o S .
Buildings Controllers of Ventilation Air
Balcony Doors
1. The sh.are of reduc1r.1g the cost of heat energy 0.13 0.16 019 015
after the implementation of the measure
2. Annual interest rate 0.18 0.18 0.18 0.18
3. The coverage ratio of household 135 1.35 1.35 135

expenditures

4. The ratio of annual household expenses to
servicing and repaying the loan to its 0.43 043 043 0.43
original value

5. Efficiency of investing in the measure: - - - -

5.1. At the basic level of gas prices 0.14 0.13 0.15 0.14

5.2. With an increase in the base price of gas by

1.5 times 0.21 0.195 0.225 0.21

6. The minimum possible value of coefficient of

coverage of household expenditures, at which 1.565 1,604 1.569 1.574

they will be able to repay a loan with the rise in
base price of gas by 1.5 times

Let us consider now the consequences for the further realization of the state program of crediting
measures for thermo-modernization with the possible increase of the price for natural gas by 50%.
It should be taken into account that the average share of state compensation for these measures
in Ukraine is 35%. According to the data of Table 9, with an increase in natural gas prices by 50%,
the efficiency of investing in thermo-modernization measures will exceed the interest rate, that is,
inequality (27) will be fulfilled. Then we assume that the values of the indicators in expression
(27) are: Bmin2(Tpg) = 0.35; Tpg = 1.5, and all other values except the indicator v are taken from
Table 9. Having solved the obtained equation relative to the indicator v, we find its value for each
measure of thermo-modernization and we enter these values in line 6 of Table 9. The calculated
values of the indicator v exceed its actual value. Consequently, with a 1.5-fold increase in natural
gas prices, most Ukrainian households will not be able to fully service and repay loans taken to
implement thermo-modernization measures. In general, the actual value of the coefficient of coverage
of household expenditures substantially affects adaptability of households to the increase in prices for
natural gas. This statement is partly illustrated by the Figure 11.
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Figure 11. The dependence of the share of expenditures on installation of heat-saving windows and
balcony doors, which is reimbursed by the state from the rate of growth of prices for natural gas,
provided that the value of the coefficient of coverage of household expenditures is: (a) v =1.2; (b) v =
1.6; (c) v = 2 (the graphs are based on the expression (28) according to Table 9).

Thus, as it follows from Figure 11, with the growth of the coefficient of coverage of household
expenditure, the range of prices for natural gas increases and the share of expenditures which is
reimbursed by the state is zero. Accordingly, in this gas price range the households will not need state
aid in the implementation of the considered measure on thermo-modernization.

5. Discussion

When choosing an indicator of the adaptability assessment of a particular industry or enterprise
to changing energy prices, two key factors should be taken into account. First, it is necessary to
take into account the dynamics of prices for energy carriers, i.e., whether prices are rising or falling.
Secondly;, it is necessary to take into account the specifics of the activity of a particular economic
sector or enterprise, i.e., who they prefer to represent—consumers or producers of energy resources.
In particular, there is an important situation when a certain industry or enterprise is a consumer of
energy resources and energy prices are rising. Then adaptability assessment can be carried out by the
indicator of the share of potential loss of profit from the increase in energy prices that were avoided
due to adaptation in the total value of these losses. The value of this indicator cannot exceed one if
the parameters of adaptation to the price increase become optimal, and the adaptation has only an
internal nature. It is possible to decompose the value of this indicator of adaptability, expanding it into
five parts, due to the influence of following factors: change in prices for products; change in physical
volumes of product sales; change in operating costs, except for energy costs, calculated per unit of
physical output; change in physical volumes of energy consumption per unit of physical output; the
common influence of the listed changes.

The construction and analysis of economical and mathematical models of the process of
energy-saving technological changes at the enterprise showed that the process of adaptation of the
enterprise to the increase of energy prices due to introduction of energy saving technologies can take
place only in a certain range of these prices. It should be noted that this conclusion concerns not only
enterprises, but also households and state and local authorities.

In order to assess the level of adaptability of the economic sectors to the risks of rising energy
prices it is expedient to apply two main approaches. The first approach provides establishing the
maximum possible energy prices that sector of the economy or enterprise can withstand, providing
break-even activity. The second approach takes into account the factor of adaptation to the growth of
energy prices. It involves calculating the values of the adaptation index to a predetermined level of
energy prices, which ensures the break-even activity of the economic sector or enterprise. At the same
time, both approaches involve comparing the results of calculations at successive intervals.

It should be noted that if an adaptation to energy market risks requires investment, the enterprise
or household may be forced to pay the price of such an adaptation. This price should be understood as
the amount of additional investment in the implementation of adaptation measures in comparison
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with their economically justified volume. At the same time, the price of adaptation is that smaller, the
higher is the profitability of these measures at this level of energy prices. Also, the price of adaptation
is linearly decreasing with the rise in energy prices.

Empirical analysis in this paper was performed on the example of Ukraine. There is a steady
tendency towards rising energy prices for Ukraine during the last decade, if these prices are reflected
in the national currency. At the same time, certain processes of economy adaptation to the growth of
energy prices are taking place. In particular, during 2007-2016, the energy intensity of Ukraine’s GDP
decreased by 20%, total energy consumption decreased by 34%, energy imports decreased by 55%, and
the share of imports in the total volume of energy consumption decreased by 32%.

The results of the calculations showed that the level of adaptability of the Ukrainian economy to
the growth of energy prices during 20112016 significantly differs both by the years of the investigated
period and by the sectors of the economy. However, it can be noted that none of the values of the
adaptability indicator is negative. This means that all selected sectors of economy showed a certain
positive level of their adaptability to the rise in energy prices. At the same time, most indicators
of the level of adaptability varies from 0.4 to 0.7. Consequently, the actual decline in the profit of
enterprises of the economic sectors with such adaptability levels was, on average, 40-70% lower than
the potentially possible decrease in the profit of these enterprises as a result of rising energy prices.
Meanwhile, among the factors that contributed to the difference in the level of adaptability of various
sectors of the economy of Ukraine to the increase in energy prices, the energy intensity of products
and the index of prices for products were the most influential.

The level of sustainability of a particular economic sector or enterprise to the change in energy
prices is unambiguously determined by two factors, namely, the sensitivity to such changes and the
level of adaptability to changes in energy prices. An empirical study conducted on the example of the
Ukrainian economy has shown that there is also a connection between sensitivity and adaptability.
At the same time, the index of physical volumes of energy consumption per unit of physical output
did not significantly affect the level of adaptability. Meanwhile, the value of this index for most
industries is only a bit lower, which means the low level of technological flexibility of enterprises.
Authors also made an assessment of the level of adaptability of Ukrainian economic sectors to the risk
of rising energy prices during 2011-2016. In most of the years of this period, the level of adaptability
of Ukrainian economic sectors to the risk of rising energy prices exceeded one. This is a positive
phenomenon and it means that the relevant sectors of the economy have improved the ability to
provide break-even activity in the context of rising energy prices.

The results obtained from the conducted research can be used in practice by state, local
government and enterprises. In particular, by estimating the level of adaptability of different sectors
of the economy to energy price changes, it is possible to extrapolate some results for future periods.
This can be useful in developing forecasts of the impact of expected changes in energy prices on profits
and other economic indicators. Additionally, the decomposition of the level of adaptability makes it
possible to identify the ways to increase this level in the future.

The results of the assessment of the adaptability of the economy to the changes in energy prices
can be used for the economies of those countries which depend heavily on energy imports and have
a relatively high energy intensity of products. These countries include Belarus, Hungary, Slovakia,
Lithuania, Latvia, Estonia, etc. Ukraine also belongs to such countries. The conducted study showed
that the increase in prices for natural gas will negatively affect the scale of implementation of measures
for building thermo-modernization. Therefore, in order to compensate this negative impact, the share
of state or municipal government reimbursement of households” expenditures for the measures of
thermo-modernization should be increased. The increase in the length of time for which loans are
granted is another effective way to compensate these households” expenditures.

The question of compensation of the price of adaptation to the risks of rising energy prices may
be applied by government not only to households but also to commercial consumers. In particular, if
the share of adaptation prices in the amount of necessary investments in the implementation of energy
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saving technologies is relatively small, then the cost of adaptation can be offset by granting enterprises
tax privileges. However, at present time there are almost no such privileges in Ukraine.

It is also necessary to note the insufficiently level of adaptation of the Ukrainian economy to
the threat of insufficient supply of natural gas. This situation exacerbates the problem of ensuring
Ukraine’s energy security. Solving this problem requires both a decrease in gas consumption per unit
of GDP and an increase in the volume of own gas production. In turn, such growth requires an increase
in the profitability of gas extraction. This will be facilitated both by an increase in the price of it and a
reduction in rental payments.

6. Limits and Prospects for Further Research

The indicators of adaptability of the economy sectors to the change in energy prices and the
method of their decomposition proposed in this research provide the most reliable results if the
adaptation to the change in energy prices is mainly internal. If there are significant exogenous
influences, the use of suggested indicators may be complicated. Therefore, it is important to develop
effective methods of isolating the internal component of adaptation processes. It should also be noted
that in this study the impact of individual factors on the level of adaptability was evaluated, but
authors paid less attention to the study of the correlation between these factors. The study of this issue
can also be considered as s perspective for further research. In addition, in this paper, the indirect effect
of the increase in energy prices on the profit of enterprises due to the possible increase in prices for
materials used by these enterprises was not considered. There is also a need to establish more precise
rules for defining the adaptation period and to take into account the impact of changes in the structure
of the product assortment and structure of energy resources on the adaptability of the economic sectors
to the increase in energy prices. Finally, there is a certain interest in assessing the level of adaptability
of the economy to the risks of energy markets on the basis of identifying several scenarios of future,
each of which has a certain probability of occurrence.

7. Conclusions

In conditions of instability of prices for energy carriers, the ability of the economy to adapt to these
changes becomes important. This adaptability is significantly noticeable at the level of enterprises and
households. At the same time, it is necessary to distinguish the resulting indicators and parameters
of adaptation of enterprises to changes in energy prices. Changes of resulting indicators characterize
the results of this adaptation, while changes of parameters of adaptation reflect the process of its
implementation. The main parameters of adaptation of enterprises to changes in prices for energy
resources are the following: prices and volumes of sales of products, energy consumption per unit of
output, product range structure and structure of used energy resources. In order to achieve this goal, the
indicators of adaptability of the economy were proposed and a number of economic and mathematical
models were developed. Based on these models, a decomposition of the level of adaptability of the
branches of the economy to changes in energy prices has been made. The simulation of the correlation
between the stability, sensitivity and adaptability of the economic sectors to the increase in energy
prices has been performed. An empirical analysis on the example of the Ukrainian economy showed
that the indicators and models proposed in this paper can adequately describe the laws of adaptation
of the economy to changes in energy prices and risks to energy markets. These indicators and models
can contribute to the development of managerial decisions in state regulation of the energy sector and
energy markets.
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