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This study’s object is the potential to overcome
economic barriers in the design and implementation
of energy-saving technologies at enterprises. The task
addressed is to devise an effective toolset for assessing
this potential.

The theoretical foundations for analyzing eco-
nomic barriers in the design and implementation of
energy-saving technologies have been substantiated.
A procedure for assessing the potential for overcoming
these obstacles was developed. This procedure involves
determining the capabilities of enterprises under cer-
tain conditions to overcome specified barriers of a
subjective and objective nature. In turn, such condi-
tions include enhancing the competence of company
personnel and improving the processes of information
support for the process that assesses the effectiveness
of energy-saving projects, as well as positive changes
of an external nature.

The designed toolkit was assessed using data
from 98 industrial enterprises in the western region
of Ukraine. Among other things, it was found that the
companies studied have a sufficiently high potential
for overcoming economic obstacles that arise when
implementing energy-saving technological processes.
In particular, the share of energy-saving technology
projects that were considered and rejected because of
the presence of subjective economic obstacles in the
total number of rejected projects varies by industry
Jrom 39.29% to 47.54%.

The proposed toolkit produces accurate and com-
prehensive results using a formalized procedure. It
could be used by enterprises in various industries to
assess the potential for overcoming economic barri-
ers to the design and implementation of energy-saving
technologies

Keywords: enterprise potential, enterprise potential
assessment toolkit, energy-saving technologies, econom-
ic obstacles, overcoming obstacles, energy-saving project
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1. Introduction

The need to reduce energy consumption has taken a prin-
cipal place among government priorities in many countries
over the past decade. This situation was caused by a number
of reasons. In particular, these include the deterioration of
the environment caused by carbon emissions in the process
of energy consumption [1], the negative impact of high ener-
gy intensity on the competitiveness of certain sectors of the
economy [2], a significant level and high volatility of energy
prices [3], etc. In addition, in the context of increasing geopo-
litical instability and the deployment of military operations
in a number of regions of the world, logistics chains have
deteriorated while supply risks have increased [4]. This has
naturally strengthened the desire of many countries to in-
crease their own energy independence [5], in particular, on
the basis of reducing energy consumption [6].

These considerations have caused an objective need in
many countries, primarily European ones, to accelerate their
technological transition. Such a transition requires the intensi-
fication of energy efficiency improvement processes [7] and an
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increase in the share of renewable sources in energy balanc-
es [8]. In turn, an important tool for solving these problems
is the design and implementation of progressive energy-sav-
ing technological processes. Such implementation should be
carried out primarily at enterprises [9] since they, along with
households, are the main consumers of energy resources.
However, the implementation of energy-saving techno-
logical change projects and other energy-saving measures
at enterprises quite often encounters various obstacles. This
leads to a slowdown in the process of such implementa-
tion [10]. At the same time, the obstacles mentioned can be
of quite different nature, that is, have their own specificity.
Therefore, each of the types of obstacles that arise during
the implementation of energy-saving projects at enterprises
requires separate attention. In particular, this applies to the
development of tools for assessing the potential for overcom-
ing the corresponding type of obstacle. One of these types is
economic barriers that arise due to the insufficient level of
economic efficiency of investing in the implementation of
energy-saving technological changes at enterprises. Assess-
ment of the potential for overcoming these barriers should
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provide important information on the basis of which it would
be possible to establish the prerequisites under which such
overcoming will be possible. These considerations deter-
mine the relevance of the issue of assessing the potential for
overcoming economic obstacles that arise on the way to the
implementation of energy-saving technological changes at
enterprises.

2. Literature review and problem statement

Numerous studies consider the task of overcoming bar-
riers that arise during the implementation of energy-saving
projects. At the same time, different scientists prefer different
types of such barriers. In particular, a number of scientists
attribute managerial obstacles to the main barriers that arise
on the way to increasing energy efficiency. Thus, in [11], it
was established that companies often refuse to implement
energy-saving projects that are characterized by a fairly high
economic efficiency due to the absence of energy saving
among the priority goals, lack of rationality, and insufficient
level of information support. The insufficiency of this level
as an important factor inhibiting the implementation of ener-
gy-saving projects is also noted in [12, 13]. At the same time,
the authors of works [11-13] focused on the study of manage-
rial obstacles to increasing energy efficiency, while economic
barriers remained outside their consideration. This is proba-
bly explained by the fact that the authors of the above works
considered managerial obstacles as the most significant.

Special attention from scientists is also paid to obstacles
of a resource nature, in particular, the lack of funds needed
for the implementation of energy-saving projects. The im-
portance of taking these obstacles into account is proven,
in particular, in work [14], which considers the features of
financing energy-saving projects from various sources of
funds. Although the cited work provides a fairly detailed
description of the financial obstacles that arise during the im-
plementation of energy-saving projects, the issue of the low
level of economic efficiency of such projects is not considered
in the work fully enough. This is largely explained by the fact
that this issue went beyond the scope of the study carried out
by the authors.

At the same time, quite a few researchers consider eco-
nomic barriers to be the most important obstacles to the
large-scale implementation of energy-saving technological
changes. In particular, this opinion is shared by the authors
of work [15]. The significant influence of economic barri-
ers on the inhibition of these changes was also established
in [16], in which the lack of financial incentives is positioned
as one of the decisive factors that negatively affect the im-
plementation of energy-saving measures. However, despite
the thoroughness of the studies carried out by the authors
of [15, 16], they did not consider the entire set of main factors
that cause economic obstacles that arise on the way to the
implementation of energy-saving measures. This may be due
to the existence of a significant number of such factors. At
the same time, the level of formalization of the process of an-
alyzing economic barriers is insufficient since such analysis
is largely qualitative in nature.

Therefore, it is necessary to take into account the fact
that the height of economic obstacles that arise on the way
to energy-saving technological changes depends, in turn, on
the influence of various factors. Scientists have attributed the
risk of investing in energy saving to these factors [17], as well

as the volume of investments required to this end [18], etc.
Special attention has also been paid to the factor of insuffi-
ciently high prices for energy resources. However, the results
of research into the significance of this factor, reported by
different scientists, are generally contradictory. For example,
whereas in [19] the influence of changes in electricity prices
on changes in its consumption was revealed, in [20] the ab-
sence of such an influence was established. However, in each
study [17-20] only individual factors that influence the im-
plementation of energy saving measures are considered, that
is, a comprehensive consideration of these factors was not
carried out because of the subject matter of the cited papers.

Special attention is paid to the issue of assessing the
potential of enterprises to overcome economic obstacles that
arise on the way to the implementation of energy-saving tech-
nological processes. In this case, one should take into account
the methodological principles of assessing various types of
potential of companies, since these principles can be extrap-
olated to the case of assessing the potential of enterprises to
overcome the above-mentioned obstacles. In this context,
worth noting, is in particular, work [21], which reports a sci-
entifically sound toolkit for assessing the innovative potential
of firms, based on the use of mathematical modeling. The
ability of enterprises to implement advanced technological
processes is studied and assessed in detail in [22]. However,
in papers [21, 22], insufficient attention is paid to the ener-
gy-saving potential. This is likely explained by the fact that
the consideration of such potential went beyond the scope of
the research carried out in [21, 22]. At the same time, ener-
gy-saving potential was the subject of research in [23, 24]. In
addition, it is appropriate to note work [25]. It analyzed the
potential of sustainable technologies, in particular in the con-
text of renewable energy initiatives. However, studies [23-25]
left out of consideration the assessment of the potential for
enterprises to overcome economic barriers to energy saving.
Therefore, the issue of designing tools for such an assessment
was not considered in those papers.

At the same time, the problem of overcoming obstacles in
the implementation of energy-saving measures is in the focus
of attention of many scientists. In particular, the authors
of [26] substantiated the importance of proper information
support for the full and timely implementation of energy-sav-
ing projects. The authors of [13] structured this support on
the example of energy-saving technological changes. The
authors of [27] convincingly proved the need for the devel-
opment of energy-saving projects not only to provide proper
input information but also to have the skills to process such
information. However, the issue of overcoming economic ob-
stacles in the implementation of energy-saving technologies
was not studied in detail in [13, 26, 27]. This is explained by
the fact that the authors of those papers did not consider the
economic obstacles that arise in the implementation of ener-
gy-efficient projects.

One of the possible ways to overcome these obstacles is
to reduce the need for investments in the implementation
of energy-saving projects, which automatically leads to an
increase in the economic efficiency of these investments. In
this regard, studies on preferential lending [28] and subsidy
programs [29], which can act as forms of financial support for
the implementation of energy-saving measures, are particu-
larly noteworthy. An important direction for overcoming eco-
nomic obstacles that arise on the way to the implementation
of energy-saving technologies at enterprises is also the reduc-
tion of the riskiness of investing in such implementation [30].



This is explained by the fact that such a reduction causes
a decrease in discount rates, which, in turn, increases the
present value of the flow of income from the implementation
of energy-saving technological change projects at enterprises.

Thus, current scientific literature includes papers, in
particular the above-mentioned works [28-30], related to the
issue of overcoming economic obstacles to increasing energy
efficiency. At the same time, the task to design a tool for
assessing the potential for such overcoming has not yet been
resolved by scientists. One reason for this may be that scien-
tists pay insufficient attention to identifying this potential
as a separate component of the potential for increasing the
energy efficiency of companies.

Therefore, although there are quite a large body of re-
search into obstacles in the implementation of energy-saving
projects, there are no comprehensive studies on the factors
that cause economic barriers that arise on the way to such
implementation. The process of analyzing these barriers is
also not formalized enough. As a result, even those scientists
who consider the potential for increasing energy efficiency
do not proceed to assessing the potential for overcoming
economic obstacles that arise on the way to such an increase.
In particular, this applies to measures for the design and
implementation of energy-saving technologies. Thus, there is
a need to formalize the analysis of economic obstacles in the
implementation of these measures, systematize the factors
influencing these obstacles, and establish a sequence and
devise indicators for assessing the potential for overcoming
these obstacles.

3. The aim and objectives of the study

The purpose of our study is to devise and apply a toolkit
for assessing the potential for overcoming economic barriers
in the design and implementation of energy-saving technol-
ogies at enterprises. This will make it possible to establish
reserves for increasing the energy efficiency of companies by
eliminating at least some of the economic barriers that arise
on the way to such an increase. This, in turn, will contribute
to improving the competitiveness and financial condition of
enterprises, increasing the energy efficiency of their activi-
ties, as well as improving the environmental situation.

In order to achieve the goal, the following tasks are set:

- to substantiate the theoretical principles of analyzing
economic barriers in the design and implementation of ener-
gy-saving technologies at enterprises;

- to determine the factors and sequence of assessing the
potential for overcoming economic barriers that arise in the
design and implementation of energy-saving technologies at
enterprises;

- to test the toolkit for assessing the potential for over-
coming economic obstacles in the design and implementation
of energy-saving technologies at enterprises based on a sam-
ple of Ukrainian companies.

4. The study materials and methods

The object of research in our work is the potential for
overcoming economic obstacles in the design and imple-
mentation of energy-saving technologies at enterprises. The
principal hypothesis of this study assumes that a significant
number of enterprises have the specified potential.

Some other assumptions were also accepted, namely:

— the generally low level of implementation of energy-sav-
ing technologies that were considered by enterprises for such
implementation;

- the existence of a statistically significant impact of the
level of economic obstacles that arise on the way to the imple-
mentation of energy-saving technologies at enterprises on the
overall level of these obstacles.

At the same time, a number of simplifications were adopt-
ed in the research process, namely:

- the invariance over time of energy resource consump-
tion standards and values of other technical and economic
indicators with the invariance of the technologies used;

- the limited nature of the types of economic activity
considered;

- the limited number of companies studied and the time
period during which the course of the process of energy-sav-
ing technological changes was considered.

The theoretical basis of our research is scientific litera-
ture that considers the issues of assessing the potential for
overcoming economic obstacles in the design and implemen-
tation of energy-saving technologies by business entities.

To conduct empirical analysis, a significant volume of
materials was collected and processed, obtained from the
accounting, statistical, and management accounting data on
a number of enterprises. In addition to the reporting data of
the firms, the results of a questionnaire survey of the enter-
prises under study were used to obtain input information.
These companies belong to three rather energy-intensive
types of economic activity (manufacture of metal, glass, and
clay products). For each of these three types of activity, at the
initial stage of the empirical study, a sample of 60 random-
ly selected firms located in the western region of Ukraine
was formed. After that, questionnaires were sent to each
enterprise and, in addition, data on the selected companies
from open sources was analyzed. In the end, taking into
account the completeness of the collected information and
the willingness of the companies to share it, a final sample of
business entities was formed, which in total (i.e., for all three
types of economic activity) included 98 companies. Next, the
indicators of the general level of obstacles and the level of eco-
nomic obstacles that arose on the way to the implementation
of energy-saving technological processes at the enterprises
studied were calculated. After that, the impact of the level
of economic obstacles that arose on the way to the imple-
mentation of energy-saving technologies at the enterprises
studied on the general level of these obstacles was assessed.
At the next stage of empirical research, an assessment of the
potential for overcoming economic obstacles of a subjective
and objective nature when implementing energy-saving tech-
nologies was performed.

A wide range of various methods of scientific knowledge
was used in carrying out our study. Thus, when substan-
tiating the theoretical principles of analyzing economic
obstacles when designing and implementing energy-saving
technologies at enterprises, economic and mathematical
modeling was used. The need for such modeling is due to the
complexity of the formation of the specified obstacles, which
requires a formalized approach to analyzing the process of
such formation.

In the process of devising a procedure for assessing the
potential for overcoming economic obstacles in the imple-
mentation of energy-saving technologies at enterprises, gen-
eralization and grouping methods were used. The use of these



methods made it possible to group factors that cause economic
obstacles to the implementation of energy-saving technologies
at enterprises, as well as to build a system of indicators for as-
sessing the potential for overcoming these obstacles.

The method of system analysis was also used in the re-
search process. This made it possible to systematize the factors
of obstacles that arise on the way to the implementation of
projects for the implementation of energy-saving technologies
at enterprises. In particular, the connections between these
factors as components of a certain system were established.

When conducting empirical studies on the potential for
overcoming economic obstacles in the design and implemen-
tation of energy-saving technologies at enterprises, the meth-
ods of technical and economic calculations and economic
analysis were applied. When collecting data from enterprises,
the questionnaire survey method was used. To process the
obtained data, mathematical statistical methods were used,
in particular, the one-way analysis of variance method [31].
In addition, in the process of carrying out empirical research,
the procedure devised in our work for quantitative assess-
ment of the potential for overcoming economic obstacles in
the implementation of energy-saving technologies in compa-
nies was applied.

In order to clearly display the results obtained in the course
of this study, tabular and graphical methods were used.

When discussing the results and generalizing them in the
process of drawing conclusions, an abstract-logical method
was used. The application of this method has made it pos-
sible to highlight the most significant results of our study,
to establish the main reasons that determined these results,
and to describe possible areas for further study of the issues
considered in our study.

5. Toolkit for assessing the potential for overcoming
economic barriers in the design and implementation of
energy-saving technologies

5. 1. Substantiation of the theoretical principles for
analyzing economic barriers in the design and imple-
mentation of energy-saving technologies

Assessing the potential for overcoming economic barriers
in the implementation of energy-saving technologies requires
a preliminary analysis of these barriers. It can be performed
at least at two levels, namely:

—for a set of projects for implementing energy-saving
technologies at a particular enterprise or group of enterprises;

—for a single project for implementing energy-saving
technologies.

In the first case, to establish the height of economic ob-
stacles that arise when implementing energy-saving technol-
ogies, one should use indicators such as:

1) the number of projects for the implementation of en-
ergy-saving technological processes that were considered
by the enterprise (enterprises) under study during a certain
period and were rejected due to the economic inexpediency
of their implementation;

2) the share of such projects in the total number of projects
for the implementation of energy-saving technological processes
that were considered by the enterprise (enterprises) under study;

3) the share of such projects in the total number of proj-
ects for the implementation of energy-saving technological
processes that were considered by the enterprise (enterprises)
under study and were rejected for various reasons;

4) the number of rejected projects for the implemen-
tation of energy-saving technological processes that were
considered by the enterprise (enterprises) under study due to
insufficient economic efficiency, distributed by the estimated
level of this efficiency. The following gradation of this level
can be proposed: very low (less than 0.33 of the minimum
allowable); low (from 0.33 to 0.67 of the minimum allowable);
and insufficiently high (more than 0.67 of the minimum al-
lowable). In this case, the specified level should be assessed
by the indicator of the project profitability index. Then its
minimum allowable value will be one.

For a separate project for the implementation of ener-
gy-saving technology, the level of economic obstacles that arise
on the way to such implementation can be assessed using the
profitability index. Since a project can be considered reason-
ably effective if its present value is not less than the investment
made in it, the profitability index of the project should be not
less than one. If this condition is not met, this will mean that
there is a certain level of economic obstacles that stand in the
way of designing and implementing energy-saving technology.
At the same time, the greater the difference between one and
the profitability index, the greater the specified level, which
can thus be estimated by the following formula

R=1—Ir=1—¥, M

where R is the level of economic obstacles that arise in the way
of designing and implementing energy-saving technology;

I, is the profitability index of the project for such imple-
mentation;

W is the expected present value of the net cash flow from the
implementation of energy-saving technology, monetary units;

I is the required investment in the implementation of the
project for the implementation of energy-saving technology,
monetary units.

In this case, the expected value of the net cash flow from
the implementation of the energy-saving technology imple-
mentation project at the enterprise in a certain year of opera-
tion of this project can be calculated in the following sequence:

1) determining the annual amount of savings on the pur-
chase of a certain type of energy resources after the enterprise
implements the energy-saving technological change project;

2) subtracting from the result obtained at the first stage of
calculations the possible amount of additional expenses and
losses of the enterprise as a result of its implementation of the
energy-saving technology. For example, such expenses may
be the costs of purchasing another type of energy resources if
one type of energy carrier is replaced by another;

3) deducting income tax from the expected amount of the
enterprise's profit increase as a result of its implementation of
energy-saving technology;

4) adding to the obtained result the amount of deprecia-
tion deductions for the project since this amount is a compo-
nent of the net cash flow.

The described sequence of actions can be formalized in
the form of the following formula

F:[p~

where F is the net cash flow from the implementation of the en-
ergy-saving technology implementation project at the enterprise
in a certain year of operation of this project, monetary units;

M=

(nOi—nli)~I/i—C]~(1—k)+A, )



p is the price of a unit of the energy resource, the savings
of which are provided for by this project, in the correspond-
ing year;

m is the number of types of products of the enterprise that
will be manufactured in the corresponding year using this
energy resource, monetary units;

no;, ny; are the norms of expenditure of this type of energy
resources for the production in the corresponding year of a
unit of the i-th type of product of the enterprise according to
and after the implementation of energy-saving technology;

V; is the planned (forecast) physical volume of production
in the corresponding year of the i-th type of product of the
enterprise after the implementation of energy-sav-

where R; is the level of economic obstacles that arise on the
way to the implementation of energy-saving technology if
the values of the indicators in expression (1) do not change
significantly during the life of this technology.

An important direction in the analysis of economic
obstacles that arise when implementing energy-saving tech-
nologies at enterprises is to establish the significance of these
obstacles. For this purpose, the sequence of assessing the
impact of the level of economic obstacles that arise on the
way to the implementation of energy-saving technologies at
enterprises on the overall level of these obstacles can be used,
shown in Fig. 1.

ing technologys;
C is the possible amount of additional expenses

1. Forming a sample of enterprises and assessing for each of them the overall

level of economic obstacles to the implementation of ET

and losses of the enterprise in the corresponding
year as a result of its implementation of energy-sav-
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ing technology, monetary units;
k is the corporate income tax rate in fractions

2. Division of enterprises into groups according to the level of economic

obstacles that arise on the way to the implementation of ET

of a unit;
A - amount of depreciation deductions for the
project in the corresponding year, in monetary units.
If we consider the case where the values of
the indicators in expression (2) do not change
significantly during the life of the energy-saving
technology, then the present value of the project for
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implementing this technology can be calculated
using the well-known formula for discounting a
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where W) - present value of net cash flow under
the project of implementing energy-saving tech-
nology if the values of indicators in expression (2)

statistically significant

The level of economic
barriers to the
implementation of ET does
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do not change significantly during the operation
period of this technology, monetary units;
T - forecast duration of the operation period of

Reducing the level of economic barriers will have a positive impact on the

overall level of barriers to the implementation of ET

energy-saving technology, years; e — discount rate in

fractions of a unit.
Taking into account expressions (3) and (4),
formula (1) is transformed into the following
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Fig. 1. The sequence of assessing the impact of the level of economic
obstacles that arise on the way to the implementation of energy-saving
technologies (ETs) at enterprises on the overall level of these obstacles

At the same time, the overall level of obstacles to the im-
plementation of energy-saving technologies can be assessed
by the share of such implementation projects that were not
implemented in the total number of such projects that were
considered for their implementation.

©)

5.2.Determining the factors and sequence of as-
sessing the potential for overcoming economic barriers
When designing and implementing energy-saving technol-
ogies, it is necessary to take into account the presence of two

©)



types of such barriers, namely, obstacles of a subjective and
objective nature. The first type is barriers caused by erroneous
or inaccurate calculations of the level of economic efficiency of
projects for the implementation of energy-saving technologies,
as a result of which this level was unreasonably underestimat-
ed. The emergence of such barriers is a consequence of insuf-
ficient competence of relevant officials of companies and (or)
unsatisfactory information provision for them in the process of
assessing projects for the implementation of energy-saving tech-
nologies. As for economic barriers of an objective nature, as fol-
lows from data in Fig. 2, the main reasons for their occurrence
are exogenous in nature, that is, they are not susceptible or are
weakly susceptible to managerial influences from enterprises.

where Nj is the number of projects for the implementation
of energy-saving technological processes, which were con-
sidered by the studied enterprises during a certain period
of time and were rejected due to the presence of subjective
economic obstacles; N; is the total number of projects for the
implementation of energy-saving technological processes
considered by the enterprises during this period of time;

- the share of such projects k, in the total number of re-
jected projects

k,=N,/N,, ®

where Nj is the total number of projects for the
implementation of energy-saving technological

energy-saving technology at an enterprise

Economic obstacles that arise in the way of designing and implementing

processes rejected by enterprises for various rea-
sons during a given period of time.

Therefore, the realization of the potential
for overcoming economic obstacles of a subjec-

Economic obstacles of a subjective

nature nature

Economic obstacles of an objective

tive nature in the design and implementation
of energy-saving technologies at enterprises
should provide, first of all, for improving the

competence of company personnel and improv-
ing the information support of their activities

Insufficient resource

Low prices for the energy

in the field of energy saving. At the same time,
there is another way to overcome economic ob-

competence of the [
company's personnel

stacles of a subjective nature, namely, seeking

Too large amounts of
investment required

help from specialists in assessing the economic
efficiency of energy-saving programs and proj-

ects. Such an appeal can take the form of pur-
chasing the relevant services from consulting or

Insufficient level of
information support

Discount rate too high

— engineering firms.
Regarding the assessment of the potential for

overcoming economic obstacles of an objective

Too much additional
costs and losses

nature, since the factors of the formation of this
potential are not subject to or are weakly subject

Insufficient
production volumes

to managerial influence, such an assessment
should be based on forecast estimates. In partic-

Too short service life L

ular, for this purpose, it is worth identifying a set

of scenarios for improving the effects of factors
that cause economic obstacles of an objective na-
ture (Fig. 3). Then, an assessment of the potential

Factors of predominantly

endogenous nature nature

Factors of predominantly exogenous

for overcoming these obstacles can be performed
for each of the selected scenarios, as well as, if

necessary, for combinations of such scenarios.
Taking into account the above, the assess-
ment of the potential for overcoming objective

technology at the enterprise

Factors that cause economic obstacles to the implementation of energy-saving

economic obstacles in the design and imple-
mentation of energy-saving technologies can be

Fig. 2. Grouping of factors that cause economic obstacles to the design
and implementation of energy-saving technology at an enterprise

Taking into account the above, the assessment of the
potential for overcoming subjective economic obstacles in
the implementation of energy-saving technologies can be
performed using the following indicators:

- the number of projects for the implementation of ener-
gy-saving technological processes that were considered by
the studied enterprises over a certain period of time and were
rejected due to the presence of subjective economic obstacles;

- the share of such projects k; in the total number of proj-
ects considered

k,=N,/N,, @

performed using the following indicators:

- the number of projects for the implementa-
tion of energy-saving technologies rejected due
to objective economic obstacles that would not
arise when implementing a certain scenario for improving
the action of the relevant factor(s);

— the share of such projects k; in the total number of proj-
ects considered

k,=N,/N,, ©)

where N, is the number of projects for the implementation
of energy-saving technologies rejected due to economic
obstacles of an objective nature that would not arise when
implementing a certain scenario for improving the action of
the relevant factor(s);



- the share of such projects k4 in the total number of re-
jected projects
k,=N,/N,; (10)

- the share of such projects ks in the total number of proj-
ects that were rejected for objective reasons

k,=N,/(N,-N,). 1)

companies that during 2020-2024 considered the possibility
of implementing at least one energy-saving technology.

As can be seen from the data given in Table 1, for all types
of economic activity studied, the majority of projects for the
implementation of energy-saving technologies that were con-
sidered by enterprises during 2020-2024 were not implement-
ed. At the same time, the share of unimplemented projects
ranges from 62.89% for companies that manufacture metal
products to 70.64% for companies that make glass products.

It should be noted that among the reasons

Forming a sample of enterprises and collecting input information

that led to a significant share of rejected proj-

A

ects, a significant role is played by the low
estimated level of economic efficiency of these

Analysis of economic obstacles that arise in the way of designing and
implementing energy-saving technologies at enterprises

projects. This conclusion directly follows from
the data presented in Table 2. As can be seen
from these data, the share of rejected for eco-

nomic reasons projects of energy-saving tech-
nological changes in the total number of such

Establishing the level of economic
barriers of a subjective nature B

Establishing the level of economic
obstacles of an objective nature

projects that were considered varies by type
of economic activity from 46.34% to 52.29%.
At the same time, the share of rejected for

A A

economic reasons projects of energy-saving
technological changes in the total number of

Assessing  the  potential  for
overcoming economic barriers to the
design and implementation of
energy-saving  technologies by

eliminating subjective causes

Defining a set of scenarios for
improving the effects of factors that
cause economic obstacles of an
objective nature

such projects that were rejected for various rea-
sons varies by type of economic activity from
67.86% to 75.41%. However, as follows from the
data in Table 2, for most projects rejected for
economic reasons, the level of their economic
efficiency was not very low, but only not high

A

enough. This may indicate that at least some of
the companies studied have some potential to

All economic barriers
will be overcome

Establishing the impact of
improving the effects of factors
that cause economic obstacles of an
objective nature on the level of
economic obstacles

overcome economic obstacles to implementing
energy-saving technologies.

Based on the diagram shown above in
Fig. 1, an assessment of the impact of the level
of economic obstacles that arise on the way to
the implementation of energy-saving technol-

ogies at the enterprises studied on the overall
level of these obstacles was performed. At the

overcoming economic
design

Completion of assessment of
the potential for overcoming
economic barriers

Assessment of the potential for
obstacles
and implementation of energy-saving
technologies by eliminating objective causes

same time, all enterprises were divided into
three groups by the level of economic obsta-
cles, namely:

- with a low level, in which the share of en-
ergy-saving technology projects not implement-

in the

Fig. 3. Sequence of assessing the potential for overcoming economic obstacles
in the design and implementation of energy-saving technologies at enterprises

Therefore, the realization of the potential for overcom-
ing economic obstacles of an objective nature when imple-
menting energy-saving technologies at an enterprise should
involve, first of all, improving the action of those factors that
cause the presence of these obstacles.

5. 3. Testing the toolkit on a sample of industrial
enterprises

In order to test the theoretical and methodological ap-
proaches described above to assessing the potential for
overcoming economic obstacles in the implementation of
energy-saving technologies at enterprises, a sample of 98
industrial companies in the western region of Ukraine was
built. The selected enterprises belong to three industries that
are characterized by a fairly high level of natural gas con-
sumption. At the same time, the sample included only those

ed for economic reasons in the total number
of such projects that were considered for their
implementation during 2020-2024 does not
exceed 0.33;

—-with an average level, in which the share of ener-
gy-saving technology projects not implemented for economic
reasons in the total number of such projects that were con-
sidered for their implementation during 2020-2024 is from
0.33 to 0.67;

- with a high level, in which the share of energy-saving
technology projects not implemented for economic reasons
in the total number of such projects that were considered for
their implementation during 2020-2024 exceeds 0.67.

As follows from the data given in Table 3, with an in-
crease in the level of economic obstacles that arise on the way
to the implementation of energy-saving technologies at the
enterprises studied, the overall level of these obstacles also
increases. At the same time, this dependence for all three
types of economic activity is statistically significant since the
actual values of the F-test are greater than critical.



Table 1

Indicators of the general level of obstacles that arose on the way to the implementation of energy-saving technological
processes at the enterprises studied

Values of indicators by groups of en-
Indicator ID terprises that manufacture products
Metal Glass Clay
1. Number of enterprises under study, units 29 32 27
2. Number of projects for the implementation of energy-saving technological processes, which during 97 109 32
2020-2024 were considered by the enterprises under study for the possibility of implementation, units
3. Share of projects for the implementation of energy-saving technological processes that were not 62.89 70.64 68.29
implemented in the total number of such projects considered during 2020-2024, % ) ) )
4. Share of required investments in projects for the implementation of energy-saving technological
processes that were not implemented in the total amount of required investments in the implemen- 64.07 69.12 71.43
tation of such projects considered during 2020-2024, %
Table 2

Indicators of the level of economic obstacles that arose on the way to the implementation of energy-saving technological
processes at the enterprises studied

Indicator ID

Values of indicators by groups of en-
terprises that manufacture products

Metal Glass Clay

1. Number of projects for the implementation of energy-saving technological processes, which
during 2020-2024 were considered by the enterprises under study and were rejected due to the 46 57 38
economic inexpediency of their implementation:

1. 1. Total, units 47.42 52.29 46.34
1. 2. Share in the total number of projects, % 75.41 74.03 67.86
1. 3. Share in the total number of rejected projects, % 3 5 2

2. Number of projects for the implementation of energy-saving technological processes rejected due
to insufficient economic efficiency, which during 2020-2024 were considered by the enterprises 6 9 5
under study, in which the estimated level of this efficiency was:

2. 1. Very low

37 43 31

Table 3

Input data and results of variance analysis of the impact of the level of economic obstacles that stood in the way of the
implementation of energy-saving technologies at the studied enterprises on the overall level of these obstacles

Values of indicators by groups of en-

Indicator ID terprises that manufacture products
Metal Glass Clay
1. The number of enterprises in which the level of economic obstacles that arose during 2020-2024
on the way to the implementation of energy-saving technologies was: 8 9 7
1.1. Low
1. 2. Medium 11 12 11
1. 3. High 10 11 9

2. Averaged by enterprise groups, the total level of obstacles that arose in the way of the implemen-
tation of energy-saving technologies during 2020-2024: 0.22 0.19 0.28
2. 1. For enterprises with a low level of economic obstacles

2. 2. For enterprises with medium level of economic barriers 0.59 0.53 0.63

2. 3. For enterprises with high level of economic barriers 0.93 0.89 0.95

3. Estimated value of F-test

6.87 6.13 7.35

As follows from the data in Table 4, the enterprises
studied have, on average, sufficiently high potential for
overcoming economic obstacles of a subjective nature that
arise when implementing energy-saving technological
processes. In particular, the share of projects for the im-
plementation of energy-saving technologies, which were
considered by the studied enterprises during 2020-2024
and were rejected due to the presence of economic obsta-
cles of a subjective nature, in the total number of rejected
projects ranges from 39.29% to 47.54%.

It is also worth noting that at least some of the compa-
nies studied have a fairly significant potential to overcome
in the future economic obstacles of an objective nature
that arise when implementing energy-saving technological
processes. This conclusion follows from the data presented
in Table 5. In particular, as can be seen from the data in
Table 5, even under fairly moderate scenarios of improving
the action of factors, there is a significant decrease in the
number of projects that face economic obstacles of an objec-
tive nature. At the same time, the simultaneous implemen-



tation of two scenarios leads to a certain synergistic effect.
This effect is manifested in the fact that the reduction in
the number of projects that will face economic obstacles of
an objective nature, with the simultaneous implementation
of two scenarios, is greater than the total value of such a
decrease under these scenarios. It should be noted that the
reason for the aforementioned synergistic effect is due to the
fact that the model of the influence of factors on the prof-
itability index of energy-saving projects is multiplicative,
which can be seen in particular from the construction of
expressions (5) and (6).

Based on the data in Table 5, it is possible to assess
the level of potential for overcoming economic obstacles
of an objective nature when implementing energy-sav-
ing technologies at the enterprises under study. Such an
assessment should be carried out in accordance with the
selected scenario for improving the action of a certain
factor (factors). Of particular interest is the scenario of
moderate improvement in the action of such a factor as the

natural volumes of production of enterprises. This is due
to the fact that this factor is mostly subject to managerial
influences (although it is under the influence of such a
predominantly exogenous factor as demand for products).
The values of the corresponding indicators of the potential
for overcoming economic obstacles of an objective nature
when implementing energy-saving technologies, provided
that the natural volumes of production increase by 10%,
are given in Table 6.

Comparing the data in Table 4 and Table 6, we can see
that the level of potential for overcoming economic obstacles
of an objective nature is significantly lower than obstacles
of a subjective nature. At the same time, it should be noted
that Table 6 provides data only for the case of improving
the impact of only one factor. However, as follows from the
above Fig. 2, there are quite a lot of such factors for obstacles
of an objective nature. In this case, it is worth taking into
account the synergistic effect described above from the joint
impact of such factors.

Table 4

Indicators of the level of potential for overcoming subjective economic obstacles in the implementation
of energy-saving technologies

Values of indicators by groups of en-
Indicator ID terprises that manufacture products
Metal Glass Clay
Number of projects for the implementation of energy-saving technological processes that were
considered by the studied enterprises during 2020-2024 and were rejected due to the presence of 29 34 2
economic obstacles of a subjective nature:
1. Total, units
2. Share in the total number of projects, % 29.90 31.19 26.83
3. Share in the total number of rejected projects, % 47.54 44.16 39.29
Table 5

Expected change in the number of projects for the implementation of energy-saving technologies that were considered
by the studied enterprises during 2020—2024 and will encounter economic obstacles of an objective nature,
due to the improvement of the impact factors

Reducing the number of projects that will encounter economic obstacles of an
objective nature, by enterprises - manufacturers of products

Scenarios for improving the action of factors Metal Glass Clay
Absolute change % | Absolute change % | Absolute change %
1. 10% increase in physical production volumes (scenario A) 6 35.29 7 30.43 5 31.25
2. 10% increase in energy prices (scenario B) 5 29.41 6 26.09 5 31.25
3. 10% decrease in investment needs (scenario C) 6 35.29 8 34.78 6 37.50
4. Simultaneous implementation of scenarios A and B 13 76.47 14 60.87 12 75.00
5. Simultaneous implementation of scenarios B and C 12 70.59 15 65.22 13 81.25
6. Simultaneous implementation of scenarios A and C 14 82.35 16 69.57 13 81.25
Table 6

Indicators of the level of potential for overcoming objective economic obstacles when implementing energy-saving
technologies at the enterprises studied, provided that the natural volume of production increases by 10%

Values of indicators by groups of en-

Indicator ID terprises that manufacture products
Metal Glass Clay
Number of projects for the implementation of energy-saving technologies rejected due to economic
obstacles of an objective nature that would not arise in the implementation of a certain scenario: 6 7 5
1. Total, units
2. Share in the total number of projects, % 6.19 6.42 6.10
3. Share in the total number of rejected projects, % 9.84 9.09 8.93
4. Share in the total number of projects rejected due to objective reasons, % 35.29 30.43 31.25




6. Discussion of the devised tool for assessing the
potential for overcoming economic barriers in the design
and implementation of energy-saving technologies

Our study showed that the assessment of the potential for
overcoming economic barriers in the design and implemen-
tation of energy-saving technologies should be based on prop-
erly substantiated theoretical principles for analyzing these
barriers. This is explained, in particular, by the complex
mechanism of formation of these barriers, which is modeled
using expressions (1) to (6). It is also important to establish
a sequence for assessing the impact of the level of economic
barriers that arise in the design and implementation of ener-
gy-saving technologies at enterprises on the overall level of
these barriers. As follows from Fig. 1, for this purpose, it is
necessary to divide enterprises into groups according to the
level of economic barriers that appear on the way to imple-
mentation. This will make it possible to assess the statistical
significance of the relationship between the level of economic
barriers that arise on the way to the implementation of ener-
gy-saving technologies at enterprises and the overall level of
such barriers.

The procedure for assessing the potential for overcoming
economic barriers in the design and implementation of ener-
gy-saving technologies, devised in the course of this study, also
deserves special attention. The use of this procedure makes it
possible to obtain a fairly accurate estimate of the magnitude
of the specified potential. This is explained, in particular, by
the fact that the devised procedure fully takes into account the
influence of the main factors listed in Fig. 2 that cause eco-
nomic barriers to the implementation of energy-saving tech-
nologies at the enterprise. In addition, the proposed procedure
for assessing the potential for overcoming economic barriers in
the implementation of energy-saving technologies, the general
sequence of which is shown in Fig. 3, is based on a quantitative
method for assessing the studied potential. For the purpose of
such an assessment, the research process identified economic
obstacles of a subjective and objective nature and proposed a
system of indicators for assessing the potential for overcoming
these obstacles. These indicators include, among others, coef-
ficients calculated using formulas (7) to (11).

The use of the proposed devised toolkit for assessing
the potential for overcoming economic obstacles in the de-
sign and implementation of energy-saving technologies in
a sample of 98 companies in the western region of Ukraine
showed the effectiveness of this toolkit. In particular, this
is explained by the fact that it was possible to perform an
analysis of the indicated obstacles, the results of which are
given in Tables 1-3. On this basis, a quantitative assessment
of the potential for overcoming economic obstacles in the
implementation of energy-saving technologies was carried
out at the enterprises under study. The results of such an as-
sessment are given in Tables 4-6. At the same time, our study
revealed the existence of a fairly significant number of enter-
prises with significant potential for overcoming economic ob-
stacles in the implementation of energy-saving technologies.
However, the implementation of this potential requires the
implementation of a set of organizational and economic mea-
sures. The content of this set, in general, is the same for all
three types of economic activity under study (production of
products from metal, glass, and clay, respectively). Thus, it is
necessary to improve the competence of enterprise personnel
in assessing the economic efficiency of projects for the im-
plementation of energy-saving technologies and to improve

information support for the process of such assessment. In
addition, public authorities can play an important role in re-
alizing the potential of overcoming economic obstacles to the
implementation of energy-saving technologies. In particular,
this concerns measures to reduce the cost of energy-saving
technologies (primarily through the provision of grants) and
reduce loan interest rates, which will positively affect the
level of discount rates.

Thus, the proposed toolkit allows one to assess the lev-
el of economic barriers to the design and implementation
of energy-saving technologies, establish the potential for
overcoming these barriers and identify priority areas for im-
plementing this potential. In particular, the positive feature
of the devised toolkit is the ability to obtain accurate and
comprehensive results using a formalized procedure for pro-
cessing input information. The proposed toolkit is suitable
for use by enterprises in various fields of production when
assessing the potential for overcoming economic barriers to
the implementation of energy-saving technologies and when
designing measures to realize this potential. This will have a
positive impact on the competitiveness and level of economic
efficiency of companies.

Taking into account these positive features of the re-
sults of our study, it was possible to close some gaps in the
scientific literature. Although it, in particular in [21-25],
pays considerable attention to various types of potential of
companies, there are no methodological principles for assess-
ing the potential for overcoming economic obstacles in the
implementation of energy-saving technologies. Similarly, in
the related works, in particular [13, 26, 27], which consider
obstacles in the implementation of energy-saving measures,
little attention is paid to economic barriers that arise in the
process of such implementation. At the same time, in those
papers in which these barriers are considered in more detail,
in particular [15-18, 28-30], the issue of comprehensive
assessment of the possibilities of overcoming the specified
barriers was not studied.

Taking into account the above, the proposed toolkit
fully enough resolves the task of assessing the potential for
overcoming economic obstacles in the implementation of
energy-saving technologies at enterprises. This is achieved
due to the fact that the use of the devised toolkit provides
sufficient opportunity to fully and with due accuracy carry
out the specified assessment. In this regard, the information
obtained through the use of the specified toolkit provides the
opportunity to substantiate the directions of implementation
of the studied potential.

At the same time, our research has some limitations. In
particular, the proposed model (3) to (6) applies only to the
case when the values of the indicators in expression (2) do not
change significantly over the life of energy-saving technology.
It is also worth noting the possibility of identifying other sce-
narios for improving the action of factors along with those sce-
narios described in Table 5. In particular, such a scenario may
be a decrease in the value of discount rates for projects for the
implementation of energy-saving technologies at enterprises.

In addition, it is necessary to note the disadvantage of the
proposed procedure for assessing the potential for overcom-
ing economic obstacles in the design and implementation of
energy-saving technologies, which somewhat limits the level
of accuracy of the results obtained through the application
of this procedure. The disadvantage is that when forming a
set of scenarios of the action of factors that determine eco-
nomic obstacles, an assessment of the probability of each of



these scenarios is not provided. Therefore, further research,
among other things, should provide for the establishment of
such a probability. Taking this circumstance into account
will make it possible to increase the accuracy of determining
the magnitude of the potential for overcoming economic ob-
stacles in the implementation of energy-saving technologies
at enterprises.

It is also worth noting that part of the period considered
in this study coincided with the period of large-scale military
operations on the territory of Ukraine, which began on Feb-
ruary 24, 2022. These activities had significantly negative
consequences for the general macroeconomic situation in the
country, in particular, for the level of investment activity, in-
cluding investment in energy-saving measures. At the same
time, in further studies on the formation and assessment of
energy-saving potential at Ukrainian enterprises, it would be
worth assessing this impact in more detail.

7. Conclusions

1. The theoretical principles of analyzing economic barri-
ers to the design and implementation of energy-saving tech-
nologies at enterprises have been substantiated. In particular,
it was established that such analysis could be performed at
least at two levels, namely: for the set of projects for the im-
plementation of energy-saving technologies and for a single
project for the implementation of energy-saving technologies.
In the first case, to establish the level of economic barriers to
the implementation of energy-saving technologies, it is nec-
essary to estimate the number of projects for such implemen-
tation that were considered and rejected due to the economic
inexpediency of their implementation. In addition, it is worth
assessing the shares of such projects in the total number of
projects and in the number of projects for the implementation
of energy-saving technologies rejected for various reasons. As
for the case of considering a separate project, the level of eco-
nomic barriers that arise on the way to such implementation
can be estimated as the result of subtracting the profitability
index of this project from one unit.

2. The factors have been identified and the sequence of
assessing the potential for overcoming economic obstacles
that arise when designing and implementing energy-saving
technologies at enterprises has been defined. In this case,
two types of such obstacles have been identified, namely,
subjective and objective. The first type is obstacles caused by
erroneous or inaccurate calculations of the level of economic
efficiency of projects for the implementation of energy-saving
technologies, as a result of which this level was unreasonably
underestimated. The emergence of such barriers is a conse-
quence of insufficient competence of relevant officials at com-
panies and (or) unsatisfactory information provision for them
in the process of evaluating projects for the implementation
of energy-saving technologies. As for economic obstacles of
an objective nature, the main reasons for their occurrence
are exogenous, that is, they are not susceptible or are weakly
susceptible to managerial influences from enterprises. It
was established that the assessment of the potential for over-
coming economic obstacles of a subjective nature requires
determining the number of projects for the implementation
of energy-saving technological processes that were rejected
due to the presence of economic obstacles of a subjective
nature. It is also proposed to assess the specified potential
by the shares of such projects in the total number of projects

considered and in the total number of projects rejected. To
assess the potential for overcoming economic obstacles of an
objective nature, it is recommended to determine the num-
ber of projects rejected for objective economic reasons that
would not arise when implementing a certain scenario for
improving the action of the relevant factor (factors). It is also
proposed to assess the specified potential by the shares of
the specified projects in the total number of projects consid-
ered, in the total number of projects rejected, and in the total
number of projects that were rejected for objective reasons.

3. The toolkit for assessing the potential for overcoming
economic obstacles in the design and implementation of
energy-saving technologies at enterprises was tested. For
this purpose, a sample of 98 industrial companies in the
western region of Ukraine was formed. The selected enter-
prises belong to three industries that are characterized by a
fairly high level of natural gas consumption. The analysis,
in particular, revealed that for all studied types of economic
activity, the majority of projects for the implementation of en-
ergy-saving technologies that were considered by enterprises
during 2020-2024 were not implemented. At the same time,
the share of unimplemented projects ranges from 62.89%
for companies that manufacture metal products to 70.64%
for companies that manufacture glass products. It was also
found that with an increase in the level of economic obstacles
that arise on the way to the implementation of energy-sav-
ing technologies at the enterprises studied, the overall level
of these obstacles also increases. In addition, it was found
that the companies studied have, on average, a fairly high
potential for overcoming economic obstacles of a subjective
nature that arise when implementing energy-saving tech-
nological processes. In particular, the share of projects for
the implementation of energy-saving technologies that were
considered by the enterprises studied during 2020-2024 and
were rejected due to the presence of economic obstacles of
a subjective nature in the total number of rejected projects
ranges from 39.29% to 47.54%. It was also found that at least
some of the companies studied have a fairly significant poten-
tial for overcoming economic obstacles of an objective nature
that arise when implementing energy-saving technological
processes in the future. This conclusion follows from the fact
that even under fairly moderate scenarios of improving the
action of factors, there will be a significant decrease in the
number of projects that face economic obstacles of an objec-
tive nature. At the same time, the simultaneous implemen-
tation of the scenarios leads to a certain synergistic effect.
This effect is manifested in the fact that the reduction in the
number of projects that will encounter economic obstacles of
an objective nature, when two scenarios are simultaneously
implemented, is greater than the total value of such a reduc-
tion under these scenarios.
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