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TOOLS FOR ASSESSING OBSTACLES IN IMPLEMENTATION
OF ENERGY SAVING MEASURES BY ENTERPRISES

Purpose. To create methodological tools for assessing obstacles to implementation of energy saving measures by enterprises.

Methodology. In the course of the research the following methods were used: economic-mathematical modeling (substantia-
tion of parameters of preferential crediting of energy-saving projects of enterprises on the basis of building models of repayment of
loans and obtaining financial and economic results from these projects), classification and generalization (when grouping obstacles
to reduction of consumption of non-renewable energy resources), system analysis (in the development of methodological princi-
ples for assessing barriers to energy efficiency); economic analysis and technical and economic calculations (when performing
empirical studies on barriers to reducing natural gas consumption), questionnaire (when conducting a survey of owners and man-
agers of surveyed enterprises on factors that hinder the implementation of projects), mathematical statistics (to process the results).

Findings. Based on the results of a survey of owners and managers of 74 Ukrainian enterprises belonging to three industries
characterized by significant volumes of natural gas consumption, the most significant barriers to reducing the consumption of non-
renewable energy resources were identified and grouped. Methods for estimating the level of these barriers by the totality of the
studied enterprises and by certain types of financial and economic barriers to reducing the consumption of energy resources are
proposed. Models of substantiation of parameters of preferential crediting of energy saving projects which have for the purpose of
realization of measures for reduction of consumption of natural gas at the enterprises are constructed.

Originality. Existing methods for grouping barriers to reducing the consumption of non-renewable energy resources have been
supplemented by introducing such additional features as the stages of development and implementation of energy saving measures
and the factors of occurrence of relevant barriers. The methodological basis for assessing these barriers has been improved by sub-
stantiating the approach according to which the height of the barrier is determined by the cost of resources to overcome it. Formal-
ized models of preferential lending for energy-saving projects of enterprises have been built, taking into account the efficiency of
budget expenditures for such lending.

Practical value. The obtained results can be used by both enterprises and public authorities and local governments in assessing
obstacles to reducing the consumption of non-renewable energy resources and developing a set of organizational and economic

measures to overcome them.

Keywords: non-renewable energy resource, reduction of energy consumption, energy saving project, soft loans

Introduction. The current state of socio-economic devel-
opment is defined for many countries as a movement to the
post-industrial stage, in which there are radical changes in all
spheres of society, from production to ideological processes.
The new technical and technological paradigm of develop-
ment significantly expands the potential for economic growth,
pushing the need for traditional resources into the background
and requiring economic agents to think innovatively and make
non-standard decisions.

If back in the middle of the twentieth century, firms and
entire countries were waging a grueling competition for access
to energy sources, today, they are increasingly trying to get rid
of the need to use them in production processes. This situa-
tion, on the one hand, is associated with the emergence of new
technologies, and on the other hand, with the disadvantages of
continuing to exploit the industrial components of economic
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growth. It is known that the main types of fossil fuels are char-
acterized by significant costs for their extraction, transporta-
tion and use. Consumption of these energy sources is also as-
sociated with a significant risk due to both significant fluctua-
tions in their prices on world markets and the possible cessa-
tion of their supply. In addition, the use of fossil energy re-
sources has an adverse effect on the environment and may
have negative geopolitical consequences, which are reflected
in the political dependence of countries importing these re-
sources on those countries that export them. That is why the
governments of many countries are striving for energy security
by persuading economic agents to switch to energy-saving
technologies. However, in practice, not all companies are
highly motivated to implement structural changes. The obvi-
ous benefits of modernization in the future are significantly
reduced due to current costs and difficulties. First of all, the
process of reducing the consumption of non-renewable energy
resources requires the implementation of a number of techni-
cal and technological measures aimed at improving the effi-
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ciency of use of fossil energy resources and the replacement of
non-renewable energy sources with renewable ones. Such
measures, as a rule, require significant investment costs, they
are quite complex in organizational terms and require appro-
priate experience and skills to implement them. This is very
important, especially for countries with economies in trans-
formation, whose business units, as a rule, do not have suffi-
cient technical, human, financial, and other resources for
structural adjustment, they are not competent in the direct
implementation of energy saving projects, and the projects
themselves very often do not allow obtaining the appropriate
level of economic and social results from their implementation
given the existing institutional environment. According to a
number of studies on the post-socialist transformation of
Eastern European countries, the economic activity of people
in such systems is realized in the context of institutional con-
flict, which blocks development, often creating insurmount-
able barriers to progressive initiatives and does not promote
innovation [1].

Thus, we can say that on the way to structural moderniza-
tion of production processes, in particular, reducing the con-
sumption of fossil energy resources, there are technical, eco-
nomic, social, organizational, and institutional obstacles that
slow it down or make it impossible [2]. Such obstacles, which
can be described as barriers, are not always on the surface, so
we need to have the tools for their identification and assess-
ment in order to develop effective ways for economic agents to
overcome them [3].

In particular, this applies to organizational and econom-
ic mechanisms, as a significant number of barriers on the
way to reduction in the use of non-renewable energy re-
sources is of an organizational and economic nature. At the
same time, overcoming barriers of technical and other na-
ture may also require the implementation of appropriate or-
ganizational and economic measures. Therefore, it should
be noted that organizational and economic mechanisms for
overcoming barriers on the way to the reduction in the use of
non-renewable energy resources should apply to all groups
of their consumers, especially enterprises, households, and
budgetary institutions. At the same time, it is in the case of
enterprises that the development of such mechanisms can be
considered the most difficult task. This is due to the variety
of types of enterprises and the purposes of their operation,
and the presence of complex patterns that characterize the
conducting production, trade, investment and other types of
business activities.

Thus, in the conditions of energy transition there is an im-
portant problem of the development of organizational and
economic mechanisms of overcoming obstacles on the way to
reduction in consumption of non-renewable energy resources
at the enterprises. However, tackling this problem requires a
preliminary assessment of the level of such barriers, as both
the nature and scale of the measures to overcome the relevant
barriers depend on it.

Literature review. The issue of identifying, assessing and
overcoming barriers to reducing the consumption of non-re-
newable energy resources is the focus of many scientists. How-
ever, it should be noted that the results of research on these
issues obtained by different scientists differ significantly. In
particular, it concerns the identification of those obstacles that
should be considered as the major barriers and, accordingly,
on which the greatest efforts should be concentrated. Thus,
A.Trianni, E. Cagno, E. Worrell & G. Pugliese (2013) pay spe-
cial attention to economic barriers to the implementation of
energy saving measures, and Z.Zhang, X.Jin, Q.Yang, &
Y. Zhang (2013) emphasize that among all economic compo-
nents, the lack of financial resources is one of the determining
factors that hinder the implementation of such measures.
Some authors pay considerable attention to management bar-
riers to increasing the energy efficiency. These barriers are re-
flected, in particular, in the lack of rationality, inability to de-

termine the target implementation [4], as well as inadequate
information support of the management decision-making
process for energy efficiency programs and projects [5]. Also,
among the factors that have a negative impact on the pace of
implementation of energy-saving technologies and other mea-
sures to improve energy efficiency, scientists single out a sig-
nificant risk of such implementation [6]. In addition, a possi-
ble reason for the reluctance of owners and managers of indi-
vidual enterprises to implement energy-saving projects is in-
sufficiently high prices for energy resources, which are expect-
ed to be saved. On the other hand, there are conflicting views
in the literature on the role of rising energy prices as a factor in
reducing energy consumption. For instance, R.Nesbakken
(1999) established the existence of the influence of changes in
electricity prices on the volume of its consumption. At the
same time, Y.-T. Chen (2017) did not find this relationship in
their empirical studies [7].

One of the important factors that under certain conditions
can reduce the effectiveness of the implementation of energy
saving projects at enterprises is the rebound effect in energy
consumption, when increasing energy efficiency causes an in-
crease in energy consumption in absolute terms. At the same
time, the results of different researchers regarding the mani-
festations of this effect are contradictory. For example, in the
well-known study by R.Howarth (1997) the rebound effect
was not detected while L. Orea, M. Orea, M. Filippini (2015)
established its presence, but its effect was considered insig-
nificant [8].

In general, the identification of the most important barri-
ers to the implementation of measures to reduce energy con-
sumption requires further empirical research and consider-
ation of the relationship between different types of these barri-
ers (E. Cagno, E.Worrell, A. Trianni & G. Pugliese, 2013). At
the same time, according to the researchers, it is necessary to
assess the level of certain barriers that arise in the implementa-
tion of energy saving measures at enterprises, and, in turn, in
ensuring the energy-saving type of development of companies
[9]. The modern scientific literature presents a number of
methodological approaches to such assessment. In particular,
the work by H. Kangas, D. Lazarevic & P. Kivimaa proposes a
method of qualitative analysis of obstacles to improving energy
efficiency [10]. To this end, a number of researchers recom-
mend conducting a survey of energy managers [11]. The tools
for assessing obstacles in the implementation of energy saving
measures presented in [12] are more complex as they involve
the use of a hierarchical approach and graph-analytical mod-
els. In [13], the analysis of these obstacles focuses mainly on
assessing the lack of necessary information, and in [ 14], it cen-
ters on the shortcomings of existing energy audit techniques.
However, these methods do not take into account the level of
effort and resources (organizational, financial and others) that
need to be spent to overcome the relevant barriers. Also note-
worthy is the approach outlined by K. Chai & C. Yeo (2012) to
assess barriers to energy efficiency of enterprises, which in-
volves finding the weakest link among the following: motiva-
tion, ability, implementation, and results [15]. However, these
methods and approaches do not take into account the level of
effort and resources (organizational, financial and others) that
need to be spent to overcome the relevant barriers. In particu-
lar, with regard to financial barriers to the implementation of
energy saving measures, such overcoming may involve the
need for soft loans for enterprises. It should be borne in mind
that soft loan programs, especially if they involve government
support, require careful justification [16]. This justification re-
quires consideration of a number of different interrelated fac-
tors that determine the effectiveness and feasibility of imple-
menting appropriate energy saving measures, in particular, the
level of their riskiness [17], the cost of these measures, and the
motivation to implement them [18]. However, at present, the
methodological principles of substantiation of the state finan-
cial support of the enterprises concerning overcoming of ob-
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stacles on the way of realization of energy saving measures re-
main not completely formed.

Thus, the issues of grouping types, identifying factors, and
developing tools for assessing barriers to reducing the con-
sumption of non-renewable energy resources by enterprises
are not definitively resolved and, given their relevance, require
further research.

Purpose. Creation of methodological tools for assessing
obstacles to the implementation of energy saving measures by
enterprises.

Results. The development of organizational and economic
mechanisms for overcoming obstacles to reducing the con-
sumption of non-renewable energy resources should be pre-
ceded by the identification and assessment of the main ones of
such obstacles. To this end, it is necessary to group all the
main types of barriers that arise at enterprises during the im-
plementation of measures aimed to save fossil energy. It seems
appropriate to group the types of such barriers according to
two main features: the stages of development and implementa-
tion of measures to save fossil energy and the sources of the
relevant obstacles. In particular, with regard to obstacles to re-
ducing the consumption of non-renewable energy resources at
the stages of development and implementation of appropriate
measures for such reduction, the following types of obstacles
should be identified: those that arise when setting goals for the
development and implementation of energy-saving measures;
those that arise during the collection of input information nec-
essary for the development and implementation of energy-
saving measures; those that arise in the process of processing
this information; those that arise during the preparation of the
final program of measures to reduce the consumption of non-
renewable energy resources; those that arise in the process of

forming the necessary amount of financial resources for the
implementation of planned energy-saving measures, as well as
the acquisition of other types of necessary resources, if such
acquisition does not require investment; those that arise in the
process of investing financial resources in the implementation
of planned energy-saving measures; those that occur during
commissioning; those that arise in the process of obtaining fi-
nancial, economic and(or) social results from the implemen-
tation of planned energy-saving measures.

Regarding the classification of obstacles to reducing the
consumption of non-renewable energy resources by the factors
of the corresponding obstacles, it is advisable to identify the
following types: obstacles caused by the lack of certain amounts,
available and possible to attract, of resources of enterprises; ob-
stacles caused by the insufficient level of certain existing and
possible properties to attract types of resource provision of en-
terprises; obstacles caused by the qualities possessed by busi-
ness owners; political and institutional obstacles; obstacles
caused by insufficient level of financial and economic and(or)
social results of implementation of energy-saving measures at
enterprises. These groups of types of obstacles to reducing the
consumption of non-renewable energy resources can be divid-
ed into a number of subgroups, as presented in Table 1.

As follows from the data given in Table 1, there are a num-
ber of different barriers that arise in the development and im-
plementation of energy-saving measures by enterprises. In this
case, some of the subgroups of these barriers can be divided
into new, more detailed subgroups. For example, obstacles
caused by insufficient levels of certain properties available and
possible to attract human resources of the enterprise may in-
clude barriers driven by low competence of employees, lack of
motivation to save energy, personal traits, and others.

Table 1

Classification of obstacles in the implementation of energy-saving measures by enterprises

Names of obstacle groups

Names of obstacle subgroups

1. Obstacles caused by the lack of

certain amounts of enterprises’ 1.1. Human resources.

Obstacles caused by the lack of amounts, available and possible to attract, of:

resources available and possible to
attract

1.2. Technical resources and other means of labor.
1.3. Material resources and other objects of labor.
1.4. Information resources.

1.5. Financial resources

2. Obstacles caused by the insufficient
level of certain existing and possible
properties to attract types of resource
provision of enterprises

Obstacles caused by insufficient level of certain properties available and possible to attract:
2.1. Human resources.

2.2. Technical resources and other means of labor.

2.3. Material resources and other objects of labor.

2.4. Information resources.

2.5. Financial resources

3. Obstacles caused by the qualities
possessed by business owners

Obstacles caused by such qualities possessed by business owners as:

3.1. Insufficient competence in the field of implementation of energy-saving projects.
3.2. Insufficient level of entrepreneurial skills.

3.3. Inappropriate personal qualities.

3.4. Insufficient level of material well-being

4. Obstacles of political and
institutional nature

4.1. Shortcomings in the legal framework for implementing measures to reduce the consumption of
non-renewable energy resources.

4.2. Shortcomings in the state energy saving policy.

4.3. Difficulty in obtaining loan financing for projects to reduce the consumption of non-renewable
energy resources.

4.4. Underdeveloped stock market

5. Obstacles caused by insufficient level
of financial and economic and(or)
social results of implementation of
energy saving measures at enterprises

Obstacles caused by insufficient level of such results of implementation of energy saving measures at
enterprises:

5.1. Profit and net cash flow.

5.2. The growth of the market value of the enterprise.

5.3. Physical sales volumes of the enterprise products.

5.4. Cost sales volumes of the enterprise products.

5.5. Social, environmental and other results
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Having identified the types of major obstacles to the im-
plementation of energy-saving measures by enterprises, we can
proceed to address the issue of assessing the level of these ob-
stacles, taking into account the main factors of their forma-
tion.

It is advisable to identify two main directions of such as-
sessment:

1) assessment of a sample of enterprises in a particular in-
dustry (type of economic activity);

2) assessment of individual energy-saving measures that
were planned or are being planned to be implemented at a par-
ticular enterprise.

Let us first consider the first direction of assessing the level
of obstacles to energy-saving at enterprises. First of all, it
should be noted that if the sample of enterprises is large
enough, it is possible to assess all the above types of barriers. In
particular, with regard to obstacles to reducing the consump-
tion of non-renewable energy resources at the stages of devel-
opment and implementation of appropriate measures for such
reduction, the assessment of these obstacles can be performed
according to the formula

L, = N m;[l - Ny
bi-1

where Ly, is the level of the i obstacle at the stages of develop-
ment and implementation of energy saving measures, N,; is the
number of energy saving measures that were developed in the
reporting period by enterprises for which the i” obstacle was
overcome; and N,, is the initial number of energy saving mea-
sures, which in the reporting period were considered by the
surveyed enterprises for their implementation.

Thus, the use of (1) makes it possible to determine the
share of energy saving measures, the development or imple-
mentation of which has stopped due to overcoming the i ob-
stacle, in the total number of measures that have successfully
overcome all previous barriers to their development (imple-
mentation).

Regarding the obstacles to reducing the consumption of
non-renewable energy resources by the factors of the emer-
gence of appropriate barriers, it is advisable to assess them ac-
cording to the following formula

> (1)

Lbj = Z(Lbi Vi) ()
i=1

where Ly, is the level of the j  obstacle on the way to reducing
the consumption of non-renewable energy resources due to
the factors of the occurrence of the corresponding obstacles at
the i stage of development and implementation of appropri-
ate energy-saving measures; # is the number of barriers to re-
ducing the consumption of non-renewable energy resources at
the stages of development and implementation of appropriate
measures for such reduction; v; is the coefficient of signifi-
cance of the j” obstacle in relation to the creation of condi-
tions for the impossibility of overcoming part (or all) of barri-
ers at the i" stage of development and implementation of en-
ergy saving measures (determined on the basis of expert survey
of owners and managers).

Thus, the application of (2) makes it possible to simultane-
ously take into account the following: first, the level of all bar-
riers that arise to reduce the consumption of non-renewable
energy resources at the stages of development and implemen-
tation of appropriate measures for such reduction; second, the
significance of each of the factors that determine the emer-
gence of these barriers.

If we consider the procedure for assessing obstacles to re-
ducing the consumption of non-renewable energy resources at
enterprises for individual energy saving measures, such an as-
sessment may be more detailed. However, its implementation
can be carried out only for certain types of these obstacles. In
particular, this applies to financial and economic barriers as-

sociated with the lack of adequate financial resources for en-
terprises and the insufficient level of economic efficiency of
energy-saving projects that these enterprises intend to imple-
ment. In this case, as mentioned above, it seems appropriate to
link the degree of these obstacles with the efforts that should
be made to overcome them. Among other things, a possible
method for overcoming them will be soft loans for energy-
saving projects of enterprises.

Considering the financial and economic barriers to reduc-
ing the consumption of non-renewable energy resources and
soft loans as a way to overcome these barriers, it is appropriate
to assess three main parameters, namely:

1) the ability of a certain enterprise to timely and fully re-
pay the loan received for financing energy-saving projects;

2) the level of economic efficiency of energy-saving projects
in terms of enterprises that provide for their implementation;

3) the level of economic efficiency of measures to provide
financial support for the implementation of energy-saving
projects by enterprises from the point of view of institutions
that provide such support (primarily from the point of view of
public authorities and local governments).

Regarding the first parameter, its assessment should be
based on the following formalized condition of timely repay-
ment of the loan taken by the enterprise for the purpose of
implementing an energy-saving project (projects)

T

B+ b)) | Y |=

t (l+rc)t

_[Pr(ﬁpnj, 1— 1 —|<I-(-a),
T (1‘”2)

3

c

where P, is the amount of initial profit of the enterprise (i.e.,
profit, the receipt of which is not related to the implementa-
tion of energy-saving projects), which is expected to be used to
repay the loan; P, is the expected increase in the enterprise’s
profit from the implementation of its energy-saving project
(projects); T'is the maximum loan term for the enterprise; 7, is
loan interest rate expressed as a fraction of a whole number;
I is the total amount of investments required for the imple-
mentation of energy-saving project (projects); a is the share of
their own sources of funds in the total amount of investments,
that is, available own funds of the enterprise at the time of the
energy-saving project (projects) implementation.

Thus, the economic meaning of inequality (3) follows
from the following rule: the enterprise will be able to timely
and fully repay the loan, provided that the discounted cash
flow aimed at such repayment (in our case P, + P,;) does not
exceed the initial amount of the taken loan; in this case, the
discount rate should be the loan interest at which the loan was
received.

Ifinequality (3) is not satisfied, it will mean that there is an
obstacle for the enterprise to implement an energy-saving
project (projects), caused by the inability to repay the loan
taken for such implementation in a timely manner. To quantify
the magnitude of this obstacle, it is necessary to convert in-
equality (3) to equality, multiply the index / by (1 — ;) and
express f3; from the obtained equation. As a result, we obtain
the following

_q_ 1 . P+ P,y 1,1
Bi=1 I.(l—a)[ r, Ml (1+rc)T]’ “)

where (3, is the level of the barrier caused by the inability of the
enterprise to timely repay the loan taken to implement an en-
ergy-saving project (projects), fraction of a whole number.
Thus, the indicator B, characterizes the share of the loan
taken by the enterprise for the purpose of implementation of
the energy-saving project (projects), which requires to reduce
the loan amount so that the enterprise could repay it in due
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time. However, there may be another way to reimburse the en-
terprise’s expenses associated with repaying the loan, namely,
reducing the interest rate. This method of repayment is a prio-
ri sufficient if the enterprise is able to repay the loan at a zero
credit rate — i.e., when the following inequality is satisfied

1-a)_,
Py+P,

If inequality (5) is not satisfied, then it is impossible to
overcome this barrier only by reducing the loan interest rate,
and the loan principal should also be partially repaid.

Let us now consider the methodological principles of as-
sessing the level of economic efficiency of energy-saving proj-
ects in terms of enterprises that provide for their implementa-
tion. Such an assessment requires the calculation of the net
present value of the future profit flow of the enterprise, ob-
tained as a result of its implementation of energy-saving project
(projects). Assume that the barrier caused by the inability of
the company to repay the loan taken for implementing an ener-
gy-saving project (projects) in time is absent or will be over-
come through external financial support. Then the specified
net present value will be calculated by the following formula

)

7.
V_—1.(1—a)-(1—B1)—Pro'Z[(le ),]+

t=1

T,-T, 1
+Pr . — =
' ;[?wJ 1 ©)
=J-0-0)-(0-B)—| L2 || - ————
=—1-(1-0)-(1-B)) [Q][l (1+re)TfJ+

P, 1
N
+[ rE J [ (1+re)T”7T‘ ]’

where Vis the present value of future cash flow of the enterprise
obtained as a result of its implementation of energy-saving proj-
ect (projects); T, is the forecast period for the full repayment by
the enterprise of a loan taken for the purpose of implementing an
energy-saving project (projects); r, is the discount rate the enter-
prise accepts to reduce different costs, it is expressed as a fraction
of'a whole number; 7, is the total duration of the forecast period.

It should be noted that in the case where the total duration
of the forecast period is unlimited, expression (6) takes the fol-
lowing form

V'=—I-(1-0)-(1-B)-

AR IR NATEN )
[ P ] (l <1+re>TcH P J [(Hn)ﬂj’

where V' is the present value of future cash flow of the enter-
prise obtained as a result of its implementation of energy-sav-
ing project (projects) in the case of unlimited forecast period.

If the value of expression (7) is negative, it means that
there is an obstacle for the enterprise to implement an energy-
saving project (projects) caused by insufficient level of eco-
nomic efficiency of such implementation. To quantify the
magnitude of this obstacle, multiply the index / by (1 — B,),
equate expression (7) to zero and express 3, from the obtained
equation. As a result, we obtain

B . L . 1,71
g1 L% a+r)<) \r, (+r)"
2 I-(1-a)-(1-B,)

where 3, is the level of the barrier caused by the insufficient
level of economic efficiency of the enterprise’s implementa-
tion of the energy saving project (projects) is expressed as a
fraction of a whole number.

Thus, knowing the value of the indicator (8), it is possible
to estimate the required amount of reimbursement of invest-

, o (8)

ment costs of the enterprise associated with the implementa-
tion of energy saving project (projects) to ensure the appropri-
ate (from the point of view of enterprises) level of economic
efficiency of such implementation.

Let us now consider the peculiarities of establishing the
level of economic efficiency of measures to financially support
the implementation of energy-saving projects by enterprises
from the point of view of institutions that provide such sup-
port. To estimate this level in the general case, it is advisable to
use the following formula

E
L=——— 9
T P )]

C, -
b ,21:((14—};1)’]

where L, is the level of economic efficiency of financial sup-
port for the implementation of a certain enterprise energy-
saving project (projects) from the point of view of the institu-
tion providing such support; E is the physical volume of ex-
pected energy savings due to the implementation of a certain
enterprise energy saving project (projects); C, is the volume of
financial support for this enterprise; 7, is the number of time
periods when the enterprise is provided with the financial sup-
port in the form of cash flows; P, is the amount of cash flows
from the financial support provided to the enterprise in the "
period; r, is the discount rate the enterprise accepts to reduce
different costs, it is expressed as a fraction of a whole number.

It should be noted that the amount of cash flow from fi-
nancial support provided to the enterprise, which appears in
(9), relates primarily to the amount of interest paid and the
principal loan repayment granted on concessional terms by a
particular institution (e.g., state bank) for the enterprise that
seeks to implement energy saving measures.

Thus, (9) can be used to assess the economic efficiency of
budget expenditures to support enterprises seeking to implement
energy saving measures. Thus, having worked out a large enough
sample of enterprises of different sectors of the economy and
knowing the available financial capabilities of the budgets of the
respective levels, it is possible to establish a standard for such
efficiency. This standard will be the minimum allowable effi-
ciency of budget expenditures to support energy saving measures
at enterprises, for which it is advisable to provide this support.

It is also important to note the fact that the implementa-
tion of these measures may cause a rebound effect in energy
consumption. This effect should be taken into account when
calculating the economic efficiency of budget expenditures ac-
cording to (9). However, the rebound effect does not always
reduce the level of this efficiency as it can lead to an increase in
budget revenues (due to increased production and sales). With
this in mind, formula (8) should be modified to look like this

E+AF
L,= 2 (10)

C i i AP, ’
PEAeny ) T

where L, is the level of economic efficiency of financial support
for the implementation of a certain enterprise energy saving
project (projects) from the point of view of the institution pro-
viding such support, taking into account the rebound effect; AE
is the increase in energy consumption due to the rebound effect;
AT is the increase in budget revenues due to the rebound effect.

The described above theoretical and methodological prin-
ciples of assessing obstacles to the implementation of measures
by enterprises to reduce the consumption of fossil energy re-
sources can be used for each type of such resources. In particu-
lar, this applies to natural gas that is an energy source, the con-
sumption of which the governments of many countries are
trying to limit significantly.

For the purpose of empirical analysis, data were collected
on 74 Ukrainian enterprises belonging to three industries char-
acterized by significant volumes of natural gas consumption. As
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shown in Table 2, during 2018—2020, these enterprises consid-
ered 133 measures to save natural gas consumption, of which 46
measures were successfully implemented (i. e., about a third).

Based on the data presented in Table 2 and using formula
(1), it is possible to estimate the level of obstacles to the reduc-
tion of natural gas consumption by the stages of development
and implementation of measures for such reduction by the
surveyed enterprises. The corresponding assessment results
are presented in Table 3.

As shown in Table 3, the most formidable are the ob-
stacles that arise in the process of forming the necessary
amount of financial resources for the implementation of
planned energy saving measures, as well as the acquisition
of other types of necessary resources. There are also signifi-
cant barriers to the collection of input information needed
to develop and implement energy saving measures. Thus,
these findings are valid for all three industries under con-
sideration.

Table 2

Data on overcoming obstacles to reducing natural gas consumption

The value of indicators by type of economic activity
Names of indicators Metal product Prloduction of bricks, | Manufacture
manufacturin tiles and other clay of glass and
& building materials glass products
1. The number of enterprises surveyed (a whole number) 24 19 31
2. The number of measures to save natural gas consumption, which during 37 41 55
2018—2020 were considered at enterprises for the possibility of their
implementation (a whole number)
3. The number of implemented measures from those considered (a whole number) 12 15 19
4. The share of successfully implemented measures from those considered (a 0.324 0.366 0.345
fraction of a whole number)
5. The number of measures for which in the process of their development and
implementation the relevant obstacles have been overcome (a whole number):
5.1. Obstacles that arise when setting goals for the development and implementation 35 39 52
of energy saving measures
5.2. Obstacles to the collection of input information needed to develop and 29 33 47
implement energy saving measures
5.3. Obstacles in the processing of input information 26 30 43
5.4. Obstacles that arise during the preparation of the final program of measures to 25 29 41
reduce the consumption of non-renewable energy resources
5.5. Obstacles that arise in the process of forming the necessary amount of 14 17 24
financial resources for the implementation of planned energy saving measures, as
well as the acquisition of other types of necessary resources
5.6. Obstacles to the process of investing financial resources in the implementation 13 16 22
of planned energy saving measures
5.7. Obstacles that arise during commissioning works 13 16 21
5.8. Obstacles that arise in the process of obtaining financial, economic and (or) 12 15 19
social results from the implementation of planned energy saving measures

Table 3
The level of obstacles in the implementation of measures to save natural gas at the stages of their development and implementation
The level of obstacles by type of economic activity
(a fraction of a whole number)
Names of obstacles Production of bricks, | Manufacture
Metal product .
manufacturing tiles and other clay of glass and
building materials glass products
1. Obstacles t.hat arise when setting goals for the development and implementation 0.054 0.049 0.055
of energy saving measures
2. Obstacles to the col.lectlon of input information needed to develop and 0.171 0.154 0.096
implement energy saving measures
3. Obstacles in the processing of input information 0.103 0.091 0.085
4. Obstacles that arise during the preparation of the final program of measures to
. 0.038 0.033 0.047

reduce the consumption of non-renewable energy resources
5. Obstacles that arise in the process of forming the necessary amount of financial
resources for the implementation of planned energy saving measures, as well as the 0.440 0.414 0.415
acquisition of other types of necessary resources
6. Obstacles to the process of investing financial resources in the implementation 0.071 0.059 0.083
of planned energy saving measures
7. Obstacles that arise during commissioning works 0.000 0.000 0.045
8. Obstacles that arise in the process of obtaining financial, economic and (or)

- . . . 0.077 0.063 0.095
social results from the implementation of planned energy saving measures
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Using (2), it is possible to estimate the level of barriers to
reducing natural gas consumption by the factors of the occur-
rence of the corresponding barriers for the surveyed enterpris-
es. The results of this assessment are presented in Table 4.

As follows from the data presented in Table 4, for all indus-
tries the most formidable are the obstacles that are caused by
the insufficient amounts of certain types of enterprises’ re-
source provision available and possible to attract. Also, a sig-
nificant degree is inherent in the obstacles caused by the insuf-
ficient level of financial, economic and(or) social results of the
implementation of energy saving measures at enterprises. Fi-
nally, the third largest group of obstacles are those that are
caused by the insufficient level of certain properties of existing
and possible types of resource provision of enterprises.

According to Tables 3 and 4, it can be concluded that the
main directions of overcoming obstacles to reducing natural
gas consumption in the surveyed enterprises should be the fol-
lowing: increasing the level of information support for the pro-
cess of making and implementing management decisions on
such reduction; improving the competence of employees in
energy saving; simplification of opportunities for enterprises to
attract additional amounts of economic resources, including
financial, etc. For overcoming the obstacles to the implemen-
tation of measures to reduce natural gas consumption in the
surveyed enterprises, it is also important to increase the eco-
nomic efficiency of these measures. Thus, financial and eco-
nomic barriers are some of the most important obstacles to
improving the use of natural gas in the surveyed enterprises.

Using formulas (4, 8), it is possible to assess the level of
financial and economic barriers to reducing natural gas con-
sumption by the surveyed enterprises. The results of this as-
sessment are presented in Table 5.

As follows from Table 5, according to the surveyed enter-
prises, the average level of the barrier caused by the inability of
enterprises to repay the loan taken for implementing energy-
saving projects in time is quite high and ranges from 0.297 to
0.389. As for the average level of the barrier caused by insuffi-
cient economic efficiency of the implementation of energy-
saving projects by enterprises, this barrier is less significant
than the previous one. This is because the level of the second
barrier is calculated based on the fact that some effort has been
made to overcome the first barrier.

Using formulas (9, 10), it is possible to assess the level of
economic efficiency of budget financial support for the imple-
mentation of measures by the surveyed enterprises in order to
reduce natural gas consumption. The results of this assessment
are presented in Table 6.

As shown in Table 6, the forecast level of economic effi-
ciency of budget financial support for the implementation of
measures by the surveyed enterprises to reduce natural gas
consumption is quite high. In particular, the average value of
this level for all measures to reduce the use of this energy
source ranges from 0.197 to 0.223 m? of natural gas per year per
1 UAH of discounted budget expenditures. Thus, government
soft loan programs for the implementation of measures to re-
duce natural gas consumption for at least some of the surveyed
enterprises can be quite effective.

Conclusion. Existing approaches to grouping the types of
barriers that arise at enterprises during the implementation of
fossil energy saving measures should be supplemented by
grouping these barriers by stages of development and imple-
mentation of fossil energy saving measures and by the factors
of the occurrence of relevant barriers. The study shows that it
is possible to build indicators for assessing each of the types of

Table 4
The level of obstacles in the implementation of measures to save natural gas by the factors of the occurrence of the corresponding
obstacles
The level of obstacles by type of economic activity
(a fraction of a whole number)
Names of obstacles Production of bricks, | Manufacture
Metal product R
manufacturing tiles and other clay of glass and
building materials glass products
1. Obstacles caused by the lack of certain amounts of enterprises’ resources 0.132 0.127 0.140
available and possible to attract
2. Obstacles caused by the insufficient level of certain existing and possible 0.113 0.091 0.084
properties to attract types of resource provision of enterprises
3. Obstacles caused by the qualities possessed by business owners 0.032 0.040 0.026
4. Obstacles of political and institutional nature 0.093 0.082 0.107
5. Obstacles caused by insufficient level of financial and economic and (or) social 0.128 0.111 0.125
results of implementation of energy saving measures at enterprises
Table 5

The level of financial and economic obstacles in the implementation of measures to save natural gas

Names of indicators

The value of indicators by type of economic activity

Manufacture
of glass and
glass products

Production of bricks,
tiles and other clay
building materials

Metal product
manufacturing

1. The number of measures to reduce natural gas consumption at enterprises that have 13 16 20
not been implemented due to financial and economic barriers (a whole number)

whole number)

2. The average level of the barrier caused by the inability of enterprises to repay the 0.352 0.297 0.389
loan in time that was taken to implement energy-saving projects (a fraction of a

of a whole number)

3. The average level of the barrier caused by the insufficient degree of economic 0.108 0.135 0.086
efficiency of the implementation of energy-saving projects by enterprises (a fraction
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Table 6

Forecast level of efficiency of budget financial support for the implementation of measures to reduce natural gas consumption

The value of indicators by type of economic activity
Names of indicators Metal product Production of bricks, | Manufacture
manufacturin tiles and other clay of glass and
e building materials glass products
1. The average level of economic efficiency of budget financial support for the 0.223 0.209 0.197
implementation of measures by enterprises to reduce the consumption of natural
gas, m® of natural gas per year by 1 UAH of discounted budget expenditures
2. The average level of economic efficiency of budget financial support for 0.354 0.319 0.284
enterprises to implement measures to reduce natural gas consumption by 30 % of
the most effective of such measures, m? of natural gas per year per | UAH of
discounted budget expenditures
3. The number of measures to reduce the consumption of natural gas, according to 6 7 9
which the average level of economic efficiency of budget financial support for the
implementation of these measures by enterprises exceeds 0.15 m® of natural gas per
year by 1 UAH of discounted budget expenditures (expressed as a whole number)
4. The part of measures to reduce natural gas consumption, according to which the 0.462 0.438 0.450
average level of economic efficiency of budget financial support for the implementation
of these measures by enterprises exceeds 0.15 m? of natural gas per year per lUAH of
discounted budget expenditures, in the total number of such measures (expressed as a
fraction of a whole number)

obstacles from both groups. At the same time, certain types of
obstacles to improving the energy efficiency of enterprises can
be estimated by the share of investment in energy saving mea-
sures, which should be reimbursed to enterprises to make the
implementation of these measures possible and appropriate
for them. This result relates to the obstacles associated with the
lack of adequate financial resources for enterprises and the in-
sufficient level of economic efficiency of energy-saving proj-
ects that economic entities intend to implement. However, the
level of economic efficiency of measures to financially support
enterprises to implement energy saving projects should also be
taken into account from the point of view of institutions that
provide such support (primarily from the point of view of pub-
lic authorities and local governments). Thus, the most reason-
able way to assess the level of barriers to reducing non-renew-
able energy consumption by enterprises is to establish the
amount of effort that needs to be made in order to overcome
these barriers. In particular, with regard to financial and eco-
nomic barriers, one of the main tools for overcoming them is
providing soft loans for energy-saving projects of enterprises.
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Merta. CTBOpeHHSI METOIOJOTIYHOIO iHCTPYMEHTapilo
OLIIHIOBaHHS TMepelIKo MpU peaidalii MianpueMcTBaMU
eHepro3oepiralounx 3axo/IiB.

Metoauka. Y npolieci T1OCHiIKeHHsI BUKOPUCTaHi METO-
IIU: EKOHOMiKO-MaTeMaTUYHOTO MOJIETIOBaHHSI (ITPU OOTPyH-
TyBaHHi MapaMeTpiB MiJIbFOBOro KpeAUTYBaHHS eHepro3oepi-
raloumx MpoeKTiB MIANPUEMCTB Ha 3acanax MmodyaoBU MoOje-
JIel TToTallleHHS Y3TUX TTO3UMK i OTpUMAaHHS MiANpUeEMCTBA-
MU (DiHAHCOBO-EKOHOMIYHUX Pe3y/IbTaTiB Bil peastizarlii 1mx
MpOeKTiB); Kiacudikallii Ta y3aralibHeHHs (MpU MTPOBEICHHI
TPYITyBaHHS MIEPEIKO/ Ha LIUISXY 0 CKOPOUYESHHST CTIOXKUBAH-
HSI HEBITHOBHUX €HEPropecypciB); CUCTEMHOTO aHali3y (Mpu
PO3p0o0JIeHHI METOTUYHUX 3acall OLIIHIOBaHHS Oap’epiB Mi-
BULICHHS €HeproeeKTUBHOCTI); EKOHOMIYHOIO aHali3y i
TEeXHIKO-eKOHOMIYHUX PO3PaxyHKiB (MpY BUKOHAHHI €MITi-
PUYHUX JOOCiIKEHb Oap’€piB Ha ILISIXY 3HUXKEHHS CITOXM-
BaHHS MPUPOITHOTO ra3y); aHKETHOTO OMUTYBAHHS (TIPU MPO-
BEJIEHHI OMUTYBAaHHS BJIACHUKIB i MEHEIKEPiB MiANPUEMCTB
111010 YMHHUKIB, Ki MepelIKOMKAITh peati3allii MPOeKTiB);
MaTeMaTUYHOI CTATUCTUKM (1151 OOpOOKM pe3ysbTaTiB).

Pesyabratn. Ha ocHOBi pe3y/ibTaTiB ONMUTYBaHHS Bjac-
HUKIB i MeHemKepiB 74 yKpaiHChKMX TiAMPUEMCTB, IKi Ha-
JiexxaTh 10 TPbOX Taly3eil MPOMMCIOBOCTI, IO XapaKTepu3y-
IOTBCSI 3HAUHUMM 00CSITaMU CITOXKUBAHHS IPUPOITHOTO Tasy,
BUSIBJICHI HAMOLIbII 3HAUMMi Oap’epu Ha ILISIXY 10 CKOPO-
YEHH$ CMIOXMBAHHSI HEBITHOBHUX €HEPropecypciB i 31miiicHe-
He iX TpynyBaHHs. 3arporoHOBaHi METOIU OLIHIOBAaHHS PiB-
HSI IMX TMEepelIKo 3a CYKYIHICTIO TOCTiIKYyBaHUX MiANpU-
EMCTB i 32 OKpeMMMHU BUIAMU (PiHAHCOBO-EKOHOMIUHUX
0ap’epiB Ha NIISIXY IO CKOPOUEHHSI CITOXUBAHHSI €Heprope-
cypciB. [loOynoBaHi Momesni OOIrpyHTYBaHHS MapaMeTpiB
MiJIbTOBOTO KPEAUTYBaHHSI €Hepro30epiraloumx IpPOEKTiB,
110 MaIOTh Ha METi peasli3allilo 3aX0MdiB 3i CKOPOUEHHS CIO-
JKUBaHHS IPUPOTHOTO ra3y Ha MiAMPUEMCTBAX.

HaykoBa HoBu3Ha. J{oMoOBHEHI iCHYIOUi crlocoOu rpymy-
BaHHS TIEPEIIKOA Ha LUISIXY JO CKOPOYEHHS CIIOXMBAHHS
HEBIIHOBHUX €HEPropecypciB ILISIXOM YBEIEHHS TaKUX J10-
JIATKOBUX O3HAK, SIK €Taru po3po0JIeHHs 1 peasizalii eHep-
ro3oepiraroumnx 3axoliB i YNHHUKNA BUHUKHEHHS BiIIOBiI-
HUX TEPEelKoA. YAOCKOHAJeHi METOAWYHI 3acaayd OLiHIO-
BaHHS LIUX MEePEeLIKO/ Yepe3 OOIpyHTYBaHHS MiAXOY, 3TiTHO
3 SIKMM BUCOTa 0ap’e€py BU3HAUYAETHCS BUTPATAMU PECypciB
Ha ¥oro nomonaHHs. IToOymoBaHi dopmanizoBaHi Momei
MiJIbTOBOTO KPEAUTYBAHHSI €Hepro3oepiralounx MpoOeKTiB
MiAMPUEMCTB 3 ypaxyBaHHIM e(EeKTUBHOCTI OIOIKETHUX BU-
NATKiB Ha 3[iICHEHHS TAKOTO KPEIUTYBAHHSI.

IIpakTuyna 3HaymMicTh. OTpUMaHi pe3yJbTaTU MOXYTb
OyTM BUKOPUCTAHI SIK MiAMPUEMCTBAMU, TaK i OpraHaMu
NepXkaBHOI BJlalyd W MiCLEBOro caMOBpPsITyBaHHS MPU OLli-
HIOBaHHI NIEPEIIKO Ha HUISXY 10 CKOPOUEHHS CITOXKUBAHHS
HEBiTHOBHUX EHEPropecypciB i po3po0JIeHHI KOMITJIEKCY Op-
raHizauiiHO-eKOHOMIYHMX 3aX0/liB, CIIPSIMOBAHUX Ha iX MO-
JTOJTAHHSI.

KiouoBi cioBa: rHesionHoeHull enmepeopecypc, CKOpOYeHHs
eHepPeoCnOdICUBAHHS, eHepeo30epiealouuil NpoeKm, ninbeose Kpe-
dumyeanHs

The manuscript was submitted 11.02.22.

168 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2023, N° 1



