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This study investigates competence of enter-
prise personnel in the development and imple-
mentation of energy-saving technological change
projects. The task addressed is to identify the
impact of these competences on energy-saving
technological change.

A grouping of competences in the implementa-
tion of energy-saving technological change projects
was advanced. Using the constructed three-level
model of assessing the impact of factors on ener-
gy-saving technological change at enterprises, the
place of personnel competences among these fac-
tors was established. The methodological princi-
ples of assessing the impact of personnel compe-
tence on energy-saving technological change at
enterprises were improved by designing a tool-
kit for indirect and direct assessment of the spec-
ified impact. Such an assessment, among other
things, provides for the establishment of reserves
for reducing obstacles to the implementation of
energy-saving technologies by increasing person-
nel competence.

The designed toolkit was tested using data from
34 enterprises in Ukraine. In particular, it was found
that the transition of enterprises with a low level of
personnel competence to the class of companies with
medium and high levels of such competence, respec-
tively, would lead to an expected increase in average
energy efficiency by 35.89% and 84.15%. At the same
time, eliminating obstacles caused by insufficient-
ly high competence of the personnel could make it
possible to reduce the average overall level of such
obstacles by type of economic activity for enterprises
Jrom 35.48% to 54.17%.

The proposed toolkit is suitable for use by enter-
prises of all types of economic activity when assess-
ing reserves for increasing energy efficiency by
improving employee competence
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1. Introduction

Given current business conditions when competition in
the markets of many goods is intensifying, ensuring the prop-
er efficiency of the functioning of enterprises requires them
to implement measures to reduce the cost of production. An
important direction for such reduction is the implementation
by companies of projects aimed at increasing the energy ef-
ficiency of economic activities and replacing non-renewable
energy sources with renewable ones [1].

At the same time, the implementation of energy-saving
technological changes by enterprises is of exceptional im-
portance not only for increasing the competitiveness of these
enterprises. Such implementation, if it is of a large-scale
nature, also leads to significant positive consequences at the
macroeconomic level, in particular, increasing the energy
independence of countries and regions [2]. This is especially
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relevant given the conditions of modern geopolitical turbu-
lence, when the stability of supplies of imported goods has
significantly decreased, and the risks of disruption of these
supplies have significantly increased [3].

As, along with households, enterprises are also among
the main consumers of energy resources, their implementa-
tion of energy-saving measures should be attributed to the
most important areas of reducing energy consumption. At
the same time, as the experience of energy-saving activities of
many companies shows, various obstacles arise when imple-
menting this activity [4]. Identification and assessment of ob-
stacles that inhibit the process of energy saving at enterprises
is of key importance for designing effective mechanisms for
activating this process. It is obvious that among such obsta-
cles, an important place is occupied by the limited resources
available to companies, primarily financial [5]. Also, quite
often, enterprises face a lack of information necessary for
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the development and implementation of energy-efficient
measures [6].

However, implementing the existing energy saving po-
tential of enterprises requires not only the availability of the
necessary amounts of financial, informational, and other
resources, but also the ability to effectively manage them.
In particular, managers and specialists of enterprises must
have sufficient competencies in the development and im-
plementation of energy-saving projects. Such competencies
should include the knowledge and skills of personnel, the
possession of which allows for the effective implementation
of energy-saving measures.

One of the most important types of these measures is en-
ergy-saving technological change projects at enterprises [7].
The implementation of such changes requires the identifica-
tion of the main potential drivers of their acceleration. Given
the above, among the specified drivers it is appropriate to
consider the improvement of the competencies of managers
and specialists of firms in the development and implemen-
tation of energy-saving technological change projects. This,
in turn, requires the preliminary identification of the impact
of such competencies on the scale of energy-saving techno-
logical change at enterprises. Therefore, research into the
development of effective tools that could be used to detect it
is relevant.

2. Literature review and problem statement

Issues related to the significance of personnel competen-
cies and the assessment of their impact on various aspects of
the functioning of companies have been considered in many
scientific works. Thus, in [8] it is noted that human competen-
cies are an important factor in the success of organizational
strategy and sustainable management of activities by firms.
In [9], the competencies of enterprise employees are consid-
ered as an important factor in ensuring the competitiveness
of companies. At the same time, in [10], the positive impact
of managerial competencies on the long-term effectiveness of
small and medium-sized enterprises is established. However,
in [8-10], insufficient attention is paid to the impact of en-
terprise personnel competencies on energy-saving activities.
A likely reason is that the consideration of this impact went
beyond the tasks set by the authors of those works.

At the same time, scientific literature includes a number
of studies in which attempts have been made to determine
the impact of enterprise employee competencies on the en-
ergy efficiency of economic activity. In particular, work [11]
established a significant relationship between the level of
flexibility of employees’ competencies and energy efficiency
at enterprises. A similar result was reported in [12], in which
it was found that the development of green key competence
has a positive effect on the amount of investment made by
firms in green research and development. Work [13] indi-
cates the importance of stimulating competencies as a tool
for realizing the potential for increasing energy efficiency
in the manufacturing sector. A similar opinion is held by
the authors of [14] who established the importance of envi-
ronmental awareness in the context of sustainable energy
management at enterprises. Also noteworthy is work [15]
whose authors identified, in particular, increasing employ-
ees’ awareness of energy issues in the organization among
the driving forces for increasing energy efficiency. At the
same time, papers[11-15] do not detail the competencies

of enterprise personnel on issues of increasing energy effi-
ciency. This may be due to the fact that implementing such
detailing is a very laborious process that should be carried
out within the framework of a separate study.

However, the detailed analysis of the competencies of
company personnel in terms of increasing energy efficiency
has been carried out in some other scientific works, in par-
ticular in [16]. The results show that candidates for “green”
jobs lack technical and mechanical knowledge, IT skills, as
well as experience and ability to work independently and in a
team to solve emerging problems. At the same time, work [17]
considers competencies related to energy literacy and argues
that energy literacy training provides an effective approach to
promoting responsible energy production and consumption.
Paper [18] notes that the base of personnel competencies in
terms of increasing energy efficiency is subject to expansion,
which is one of the decisive factors for the success of com-
panies. However, papers [16-18] did not carry out a detailed
study of each of the studied competencies. This can be ex-
plained by the fact that such a study was not included in the
list of tasks set in the above scientific works.

At the same time, there are a number of scientific papers
that study in detail certain types of competencies in the field
of energy-saving activities of enterprises. In particular, in
work [19], its authors identified patterns of formation and
designed mechanisms for improving the competencies of en-
terprise employees in matters of collecting input information
necessary for the development of energy-saving technological
change projects. In contrast, in [20], it is shown that compa-
ny personnel must have competencies not only in collecting
input information for implementing energy-saving measures
but also be able to properly process this information. At the
same time, in work [21] it is established that the effectiveness
and scale of implementation of energy-saving projects largely
depend on the skills of enterprise managers to effectively
manage the process of financing these projects. In [22], its au-
thors, among other things, paid attention to other important
competencies, namely, in ensuring sustainable energy-saving
development of companies on the basis of their implemen-
tation of renewable energy projects. At the same time, [23]
found that such provision requires the presence of significant
amounts of knowledge and skills in assessing and managing
the potential of energy-saving economic development of
enterprises among the personnel of firms. However, in pa-
pers [19-23], a detailed quantitative assessment of the impact
of the level of competence of enterprise personnel on their
energy-saving activities was not carried out. This may be due
to the fact that those works did not set such a goal.

One possible approach to such an assessment is to de-
termine the quantitative possibilities of reducing obstacles
to the development and implementation of energy-saving
projects at enterprises by increasing the competences of
their personnel. In general, at present there are a number of
scientific publications that report studying the role played by
improving the competences of enterprise employees in over-
coming obstacles that arise on the way to the implementation
of energy-saving measures. Thus, in work [24] it is shown
that increasing the awareness of company employees on
energy efficiency issues is of crucial importance for ensuring
such overcoming. At the same time, in [25], the importance
of proper competence of company owners and top managers
as a factor that significantly reduces barriers to the imple-
mentation of energy-saving measures is proven. However, in
papers [24, 25] and other scientific works on obstacles to the



implementation of energy-saving measures at enterprises, the
issue of quantitative assessment of the impact of personnel
competence on the level of these obstacles was not considered
in sufficient detail. A likely reason is that the issue of such an
assessment was not within the scope of scientific interests of
the authors of those papers.

Thus, scientific literature has not solved the problem of
designing a toolkit to identify the impact of personnel compe-
tence on energy-saving technological changes in the context
of overcoming obstacles that arise on the way to implement-
ing these changes. At the same time, there are reasonable
grounds to consider increasing the level of competence of
managers and specialists of enterprises as a potential driver
that can ensure the acceleration of the implementation of
energy-saving technological processes.

The above allows us to argue that it is advisable to con-
duct a study aimed at designing a toolkit to identify the im-
pact of personnel competence of companies on energy-saving
technological changes in them.

3. The aim and objectives of the study

The purpose of our study is to identify the impact of the
competence of enterprise personnel on energy-saving tech-
nological changes on them. This will allow us to establish
reserves for increasing the energy efficiency of companies’
activities by improving the competence of their personnel.
The implementation of such reserves, in turn, will have a
positive impact on competitiveness and improve the financial
condition of enterprises, as well as contribute to the improve-
ment of the environmental situation and energy security.

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

-to group the competences of personnel in the devel-
opment and implementation of projects for energy-saving
technological changes, as well as to establish the place of
these competences among the factors influencing the imple-
mentation of these changes;

- to improve the toolkit for assessing the impact of the
competence of enterprise personnel on energy-saving tech-
nological changes on them;

- to test this toolkit on a sample of Ukrainian firms.

4. The study materials and methods

The object of our study is the competence of enterprise per-
sonnel in the development and implementation of energy-sav-
ing technological change projects. The principal hypothesis
assumes the influence of these competences on energy-saving
technological change in randomly selected companies.

At the same time, some assumptions were adopted in the
process of the study, namely:

1) the possibility of dividing the process of implementing
energy-saving technological change projects into a limited
number of consecutive stages;

2) the possibility of matching each of these stages with a
certain group of personnel competences in the development and
implementation of energy-saving technological change projects.

Also, a number of simplifications were accepted during the
study, namely:

1) consideration of only those energy-saving techno-
logical change projects whose implementation is aimed at
increasing the efficiency of natural gas use;

2) limited number of companies studied;

3) limited number of types of economic activity considered.

The theoretical basis of the study was scientific works
that considered the issues of assessing personnel competence,
managing the implementation of technological changes, and
overcoming obstacles that arise during their implementation.

The information base for conducting empirical analysis
was accounting and management accounting data from a
number of companies, as well as the results of their survey.
All of these companies belong to three energy-intensive in-
dustries that manufacture products from metal, glass, and
clay, respectively. At the initial stage of the empirical study,
a sample of 30 randomly selected companies located in the
western region of Ukraine was formed for each of the three
industries. At a later stage, a questionnaire was sent to each
enterprise. In addition, data from open sources about the
selected firms was analyzed. Ultimately, taking into account
the completeness of the collected information, as well as the
willingness of the companies to share this information, a
final sample of 34 companies was formed.

In carrying out our study, a wide range of various meth-
ods of scientific knowledge was applied. Thus, in devising
a method for directly assessing the impact of personnel
competence on energy-saving technological changes at the
enterprise, economic and mathematical modeling was used.
The need for this modeling is due to the complexity of the for-
mation of obstacles in the implementation of energy-saving
technological changes, which requires the formalization of
the process of such formation.

When grouping personnel competencies regarding the
implementation of energy-saving technological changes, as
well as when establishing the place of these competencies
among the factors of influence on the specified changes,
grouping and generalization methods were used. The use of
these methods made it possible to divide personnel compe-
tencies into groups, as well as to build a model of the influ-
ence of factors on the process of implementing energy-saving
technological changes at enterprises.

In addition, the method of system analysis was used
when conducting the study. That made it possible to system-
atize the causes of obstacles in the development and imple-
mentation of energy-saving technological change projects at
enterprises.

When conducting empirical research, the methods of
questionnaire survey, economic analysis, and feasibility stud-
ies were used. To process the data obtained, mathematical
statistics methods were employed, in particular, one-factor
variance analysis [26]. In addition, in the process of conduct-
ing empirical research, the methods developed in this work
for assessing the impact of enterprise personnel competencies
on energy-saving technological changes on them were used.

To visually display the results obtained during this study,
graphical and tabular methods were used.

5. Results of investigating the toolkit for identifying
the impact of enterprise personnel competence on
energy-saving technological changes

5.1. Grouping competencies and establishing their
place among the factors of influence on energy-saving
technological changes

Assessment of the impact of personnel competencies on
energy-saving technological changes should be preceded by



grouping types and determining the place occupied by the
specified competencies among other possible factors of this
impact. For this purpose, it is advisable to divide the process
of developing and implementing energy-saving technological
change projects into several stages. At the same time, it is
necessary to attach to each of these stages a certain group
of competencies of managers and specialists of enterprises
in the issues of developing and implementing the specified
projects. Then it is possible to distinguish such groups of

the specified competencies as competencies in the issues of
collecting input information, processing it, making a prelimi-
nary decision, its resource provision, making a final decision,
and its implementation (Table 1).

As for determining the place of personnel competencies
among the factors influencing energy-saving technological
changes, for this purpose a three-level model of such in-
fluence is proposed, a schematic representation of which is
shown in Fig. 1.

Table 1

Grouping of competencies of enterprise personnel in the development and implementation of energy-saving technological

change (ETC) projects

Names O.f the stages of the process of Names of competencies for the development and implementation of energy-saving tech- | Competency
developing and implementing ener- - :
. . nological change projects labels
gy-saving technological changes
1. 1. The ability to find sources of input information about the internal environment Cc11
of the enterprise o
1. 2. The ability to find sources of input information about the external environment C12
of the enterprise o
. . . . 1. 3. Ability to use all legal methods of obtaining input information about the internal c13
1. Collection of input information environment of the enterprise -1
necessary for the development and ol T leeal 1ods of obtaining 1 o - o o N
implementation of ETC projects 1. 4. Ability to use all legal met! 10ds of 0 taining input in ormation about the external C14
environment of the enterprise
1. 5. Ability to ensure the relevance, completeness, and accuracy of data on the internal C15
environment of the enterprise, necessary for the development and implementation of ETC o
1. 6. Ability to ensure the relevance, completeness, and accuracy of data on the external envi-
. . . C.1.6
ronment of the enterprise, necessary for the development and implementation of the ETP
2. 1. Ability to successfully use modern methods of analyzing incoming information C.2.1
2. 2. The ability to successfully use modern forecasting methods, including establishing
- . . . . C.2.2
) . - ) the probability of various scenarios for the further development of the situation
2. Processing of input information 2. 3. Ability to successfully identify alternative solutions in the field of ETC implementation C.2.3
necessary for the development and
implementation of ETC projects 2. 4. The ability to obtain, with an appropriate degree of accuracy, forecast values of expected Coa
profits and other indicators on the basis of which the effectiveness of ETC projects is assessed -
2. 5. Ability to obtain with an appropriate degree of accuracy forecast values
. . C.2.5
of the effectiveness of ETC projects
3. 1. Ability to take into account existing resource constraints C3.1
3. Adoption of a preliminary decision 3. 2. Ability to choose criteria for decision-making regarding the implementation C32
on the implementation of ETC of ETC projects e
projects 3. 3. Ability to choose the best options for implementing ETC projects C.3.3
3. 4. Ability to use optimization methods to form a program of ETC projects C.34
4. 1. Ability to determine the best ways to obtain resources for implementing ETC projects C4.1
4. 2. The ability to determine a rational structure of resource (primarily financial) Cc42
4. Formation of resource support for support for the implementation of ETC projects o
the implementation of ETC projects | 4. 3. Ability to obtain the resources necessary for the implementation of ETC projects C4.3
4. 4. Ability to provide acceptable conditions for the enterprise to obtain the resources Cca4
necessary for the implementation of ETC projects o
5. 1. The ability to adjust the previous decision on the implementation of ETC projects
taking into account real opportunities and conditions for attracting the resources C.s.1
donti ¢ the final decisi necessary for such implementation
> A option of t 1€ finat cecision on 5. 2. Ability to draw up calendar plans for the implementation of ETC projects
the implementation of ETC projects - C.5.2
at the enterprise
5. 3.Ability to assess the economic and other consequences for the enterprise Cs3
of implementing ETC projects there -
6. 1. The ability to create organizational mechanisms for implementing decisions C6.1
on the implementation of ETC projects at the enterprise o
6. 2. Ability to enter into contracts related to obtaining the necessary types of resources C62
for the implementation of ETC projects o
6. Implementation of ETC projects | 6. 3. Ability to conclude contracts related to the acquisition of energy-saving equipment, C63
materials, etc., the implementation of which is provided for in the ETC projects o
6. 4. Ability to organize the procurement of energy-saving equipment, materials, etc., C64
the implementation of which is provided for in the ETC projects o
6. 5. Ability to organize commissioning work C.6.5




3) basic factors. These factors have an
impact on indirect influence factors. They
should be divided into only two groups,

Stages of implementing energy-saving technological change projects (ETC)

Gathering Processing | |Adoption Formation | |Adoption Imple- namely - the competence of managers and
input of  input| |of a| |of resource| |of the final| |menta- specialists of enterprises and uncontrol-
information | |informatio | |preliminary| |support for| |decision on| |tion of| lable factors (which the enterprise cannot
necessary n required| |decision on| |the the ETC influence). Returning to the example of fi-
for for the implemen- | |[implemen- | |projects| nancial resources, it can be noted that their
develop- develop- implemen- | [tation  of| |tation  of shortage can be caused by various factors.
ment and| |ment and| [tation of| [ETC ETC These factors can be both an insufficient
implementa | |implemen- | |ETC projects projects level of competence of managers in man-
tion ETC| |tation  of| |projects aging these resources, in particular, their
projects ET(; involvement from external sources, and

projects objective restrictions on such involvement.

f t i 1

Factors directly influencing the processes of development and implementation
of ETC projects at the enterprise

‘ | | |

T T Then the second factor has an irresistible
influence and, accordingly, belongs to un-
controllable factors.

Therefore, according to the proposed
model of the influence of factors on the

The volume and quality of ||Competence of employees| | External scale of energy-saving technological chang-
resources that are directly ||directly involved in the | factors of | es at enterprises, these changes can ulti-
involved in the development | |development and | direct mately be divided into two large groups.
and ETC project | [implementation of ETC|| influence These groups are the competencies of man-
implementation of projects agers and specialists at enterprises and

uncontrollable factors.

Factors of indirect influence on the processes of development and . i
implementation of ETC projects at the enterprise 5.2.Improving the toolkit for as-
3 sessing the impact of personnel compe-

tence on energy-saving technological
changes at enterprises
The toolkit for assessing the impact of

The volume and quality of
resources that indirectly
participate in the

Competence of employees || External
indirectly involved in the|| factors of
development and| | the

development and project

implementation of ETC projects

implementation of ETC

personnel competence on energy-saving
technological changes at enterprises includes
two methods of such assessment, namely:

mediated
influence

ETC projects at the enterprise

Basic factors influencing the processes of development and implementation of

1) the method of indirect impact assess-
ment. This method allows us to establish
the presence of the impact of personnel

competence on energy-saving technologi-

Personnel competence of enterprise

Uncontrollable factors

cal changes, but does not provide for deter-
mining the extent of such impact;

Fig. 1. Three-level model for assessing the impact of factors on energy-saving

technological changes at enterprises

According to the model shown in Fig. 1, all factors influ-
encing the scale of energy-saving technological changes at
enterprises can be located at three levels, namely:

1) factors of direct influence. These factors include the vol-
ume and quality of resources that are directly involved in the
development and implementation of energy-saving technologi-
cal change projects at enterprises; competence in these matters
and external environmental factors. The latter, for example,
include prices for those energy resources whose consumption
is expected to be reduced as a result of technological changes;

2) factors of indirect influence. These factors influence
the factors of direct influence. For example, insufficient
amounts of human or technical resources required to devel-
op energy-saving technological change projects may be due
to insufficient amounts of financial resources available to
enterprises. Thus, financial resources belong to both direct
influence factors, if these resources are considered from the
point of view of purchasing equipment for projects, and indi-
rect influence factors, if financial resources are considered as
a tool for obtaining other types of resources;

2) the method of direct impact assess-
ment. The application of this method al-
lows us to establish the extent of such
impact. In addition, this method makes it
possible to identify those stages of the process of developing
and implementing energy-saving technological change proj-
ects where there is the greatest lack of relevant competencies.

Regarding the first method, it should involve the forma-
tion of a sample of enterprises with subsequent assessment
in points of the level of each of the competencies, the list
of which is given above in Table 1. In particular, such an
assessment can be carried out on a five-point scale. Accord-
ingly, on this scale, each of the competencies will have five
levels: very low (1 point), low (2 points), medium (3 points),
high (4 points) and very high (5 points). Then, for each group
of competencies, their average level for a particular enter-
prise can be estimated using the arithmetic mean formula.
At the same time, the influence of the averaged group levels
of competencies on the generalized level of competencies is
multiplicative. Therefore, to assess this level, it is worth using
the following formula

L=s Hli/5’ (1)



where L - generalized level of competence of the enterprise
personnel in the development and implementation of ener-
gy-saving technological change projects, points; [; - average
level of the specified competencies for their i-th group.

Having calculated the generalized level of competence
of the personnel in the development and implementation of
energy-saving technological change projects according to
formula (1) for each studied enterprise, it is possible to divide
these enterprises into classes according to the specified level.
In particular, it is possible to distinguish enterprises with a
low level of competence (generalized level does not exceed 2),
with an average (generalized level takes on a value from
2 to 3.5) and high (generalized level exceeds 3.5) levels.

At the next stage of applying the method of indirect
assessment of the impact of personnel competence on ener-
gy-saving technological changes at enterprises, it is necessary
to estimate the energy efficiency values for each studied
enterprise and average them by enterprise classes. Then,
using the method of variance analysis, it is possible to assess
the statistical significance of the differences between the
average values of energy efficiency of activities by enterprise
classes. If these differences turn out to be statistically sig-
nificant, this will mean that the level of personnel compe-

number of projects that have not overcome the corresponding
stage to the number of projects at the beginning of the stage

f; = (2)

where f; - level of obstacles to the i-th stage of development and
implementation of energy-saving technological change proj-
ects; Af; — number of projects that have passed the i-th stage of
their development and implementation process; F; — number of
energy-saving technological change projects at the beginning
of the i-th stage.

Accordingly, the overall level of obstacles to the implemen-
tation of these projects will be estimated by the ratio of the
total number of projects that have not passed a particular stage
to the number of projects at the beginning of the first stage

p-ia 3

where F is the general level of obstacles to the implementation
of energy-saving technological change projects at enterprises.

tence affects the energy efficiency of
enterprises (Fig. 2). In other words,
under such conditions, a change in
the specified level has a statistically

Formation of a sample of enterprises and assessment of the level of personnel
competence in the development and implementation of energy-saving technological
change (ETC) projects for each of them

significant effect on the change in

|

the energy efficiency of economic
activity. Accordingly, if energy ef-
ficiency is determined primarily by

Division of enterprises into groups according to the level of personnel competencies
in the development and implementation of ETC projects

the technologies used, then the level

———

of competence will be a factor in-

fluencing the scale of energy-saving Enterprises Enterprises with Enterprises with
technological changes. with low level an average level a high level of
Thus, using the indirect assess- of competencies of competence competence

ment method, the scale of ener-
gy-saving technological changes in

relative terms will be determined
by the value of energy efficiency

Assessment of the energy efficiency level of each enterprise

of economic activity. At the same

'

time, using the direct assessment
method of the impact of personnel

Calculation of the average energy efficiency level of their activities

by enterprise groups

competence on energy-saving tech-

nological changes at enterprises,
the scale of such changes should be
characterized by the number of their
implemented projects (or the amount

Assessment of the statistical significance of the relationship between the level of
personnel competencies in the development and implementation of ETC projects and
the average level of energy efficiency of their activities by enterprise groups

of investment invested in them).

At the same time, using the direct
assessment method of the impact of
personnel competence on energy-sav-
ing technological changes, it is first
necessary to form an array of data
on the number of considered projects
of such changes at the enterprises
under study for the reporting period.

l

The relationship is
statistically significant

Improving personnel
competencies in the
development and
implementation of ETC
projects is not a significant
factor in the energy efficiency
of the studied enterprises

Subsequently, the number of projects
that have overcome each of the stages
of the development and implementa-

Improving personnel competencies in the development and implementation of ETC
projects is a significant factor in the energy efficiency of the studied enterprises

tion of these projects shown above in
Fig.1 is determined. Then the level
of obstacles to such implementation
will be estimated by the ratio of the

Fig. 2. The sequence of assessing the impact of the competencies of enterprise
personnel in the development and implementation of energy-saving technological
change projects on the level of energy efficiency of these enterprises



It should be noted that there is the following relationship
between the general and partial (i.e., at the corresponding
stages) levels of obstacles

6

F=1-T](1-f)

i=1

@

Using dependence (4), it is possible to estimate the in-
fluence of each obstacle on their overall level. To do this, it
is necessary to assume that the values of all obstacle levels,
except for one, are equal to zero.

Similarly to formula (3), it is possible to construct an ex-
pression for determining the overall level of obstacles in the
development and implementation of energy-saving techno-
logical change projects due to insufficient level of personnel
competences

reduce the consumption of this type of energy carrier is
currently acutely faced by many countries [27], including
Ukraine, whose enterprises were analyzed in this study.
Second, these enterprises belong to those types of economic
activity that are characterized by fairly high volumes of nat-
ural gas consumption.

Therefore, in the future, only those energy-saving tech-
nological changes that relate to increasing the efficiency of
natural gas use will be considered. First of all, a survey was
conducted of the owners and top managers of the companies
under study regarding the level of competencies available
to their personnel as of the end of 2024 in the development
and implementation of energy-saving technological change
projects. The results of data processing from such a survey
are given in Table 2.

Table 2

Results of processing data from a survey of enterprises regarding the
level of competencies available to their staff as of the end of 2024

E — =1 S (5)
E Names of the stages of the c Number of enterprises where the Average
process of implementing OM- | level of relevant competencies was| level of
where E is the total level of obstacles in the de- |energy-saving technologi- ple;:tf:lzy very| || Aver [Quite[ . _ | competen-
velopment and implementation of energy-sav- cal changes low w age | high 8| cies, points
ing technological change projects due to the in- ci1il| o 14 12 3 0 2.824
su.fficient level of Personnel .competencies; 1. Collection of input | c.12 | 0 12 15 P 0 5.853
e is the number of [.)ro_]ect.s'that did not pass the | information necessary [~;3 [ 13 13 3 0 5853
i-th stage due to the insufficient level of personnel | for the development and cial o 16 | 12 p o 2706
competencies. implementation of ETC S -
Then the impact of the lack of personnel com- projects CL5] 0 | 14 | 13 710 2.794
petencies on the total level of obstacles in the Cl6| 0 ) 10 9 0 2.824
development and implementation of energy-saving | 2. processing of input |-—>L | O | 13 | 16 | 5 | 0 2.765
technological processes can be assessed by compar- information necessary | C-2.2 | 0 14 12 8 0 2.824
ing expressions (3), (5) for the developmentand | C23 | 0 | 15 14 5 0 2.706
implemente}tion of ETC C24 0 12 15 7 0 2.853
1=F=E 100, 6) projects c2s5| o0 |16 | 11 | 7 | o 2735
F
3. Adoption of a prelim- C3.1 0 10 14 10 0 3.000
h . indi £ the i fi Ffici inary decision on the C.3.2 0 9 17 8 0 2.971
where I is an indicator of the impact of insufficient implementation of ETC [ C33 | 0 | 11 16 p o 5882
personnel competence on the overall level of ob- projects
. . : ) C34| 0| 10 | 15 9 | 0 2.971
stacles in the development and implementation of
energy-saving technological processes, %. 4. Formation of re- Cal ] © 8 16 1010 3.059
Thus, using formula (6), it is possible to estimate | source support for the C42] 0 9 17 8 0 2971
the share of insufficient personnel competence | mplementationof ETC | 4.3 | 0 7 17 | 10 ] O 3.088
in the total amount of obstacles that arose in the projects C44 | 0 9 18 7 0 2.941
developrn?nt and implementation'of energy-saving | s adoption of the final | C-5.1 | 0 8 18 8 0 3.000
technological processes at enterprises. decision on the imple- | C.5.2 | 0 10 18 6 0 2.882
Using formula (6), it is possible to estimate how |mentation of ETC projects| ¢ 53 | ¢ 7 19 3 0 3.029
mu}c;h {he. mllmlll)er of 1m'p1ement(;d enegg;gsavmg ce6ll o 10 17 7 0 5912
te(.: nologica c ange pr.OJects. at the studied enter- ce2 | o 3 16 10 0 3.059
prises would increase if their personnel had the 6. Implementation of
. . . . C.6.3 0 19 8 0 3.029
appropriate competencies at a high level. ETC projects
It should be noted that in the case where the C.64 | 0 1 15 8 0 2.912
projects under consideration differ significantly in C65]0 ] 8 17 0 3.029

investment costs for their implementation, instead

of the number of projects in the above formulas, it is more
appropriate to take the amount of investment in the imple-
mentation of these projects.

5.3. Using the toolkit for assessing the impact of
personnel competence on energy-saving technological
changes at enterprises

In the process of empirical analysis, attention was fo-
cused on one type of energy resources, namely natural gas.
This is due to two main circumstances. First, the need to

As follows from the data given in Table 2, the averaged lev-
els of various competencies across the studied enterprises dif-
fer. The highest are these levels for most competencies related
to the formation of resource provision and project implementa-
tion. At the same time, the averaged levels of competencies for
information collection and processing are lower.

At the next stage of the empirical study, the generalized
levels of personnel competencies in the development and
implementation of energy-saving technological changes were
assessed using formula (1). That made it possible, using the



sequence of actions shown above in Fig. 2, to indirectly as-
sess the impact of personnel competencies on energy-saving
technological changes at the studied enterprises. The results
of such assessment are given in Table 3. At the same time, it
was taken into account that the sample included enterprises
belonging to three different types of economic activity. There-
fore, the relative value of the energy efficiency indicator was
assessed for each enterprise. This indicator was determined
by dividing the actual energy efficiency value of the relevant
enterprise for 2024 by the maximum energy efficiency value
among all enterprises in a certain industry under study. In
turn, energy efficiency was defined as the ratio of the compa-
ny’s annual net income to its annual natural gas consumption.

As can be seen from the data in Table 3, with an increase in
the level of personnel competence, the level of energy efficien-
cy of enterprises increases. The use of the one-factor analysis
of variance method showed that this dependence is statistically
significant (since the actual value of the Fisher test exceeds the
critical one). At the same time, as was additionally established,
enterprises with medium and high levels of personnel com-
petence during 2014-2024 were quite actively implementing
energy-saving technological changes. Therefore, it can be
concluded that the competence of the personnel of the studied
companies had a positive effect on these changes.

The expected impact of increasing the level of personnel
competence in the development and implementation of ETC
projects is particularly significant for those studied enterpris-
es in which this level is low. In particular, the transition of
such enterprises after implementing appropriate measures,
primarily specialized training for personnel, to the class of
enterprises with an average level of the specified competence

will lead to an expected increase in average energy efficiency
by 35.89%. At the same time, the transition of enterprises
with a low level of personnel competence to the class of com-
panies with a high level of such a level will lead to an expect-
ed increase in average energy efficiency by 84.15%.

Information was also collected on energy-saving tech-
nological change projects that were considered for their im-
plementation at the studied enterprises in 2019-2024. This
information is summarized in Tables 4 and 5. Based on this
information and using formula (2), the level of partial obsta-
cles to the development and implementation of energy-saving
technological changes at the studied enterprises was calculat-
ed. As can be seen from the data given in Table 6, the highest
level of such obstacles for all three types of economic activity
considered is characteristic of the stages of collecting input in-
formation and resource provision for project implementation.

At the next stage of the study, the level of partial obstacles
to the development and implementation of energy-saving tech-
nological change projects at the studied enterprises due to the
insufficient level of personnel competence was assessed. The
results of such an assessment are given in the last three col-
umns of Table 6. As follows from these data, for all three types
of economic activity, the highest level of these obstacles was
inherent in the stage of collecting input information.

Subsequently, using expression (3), for each of the three
types of economic activity, the total level of obstacles to the
development and implementation of energy-saving techno-
logical change projects was calculated. Also, using formu-
la (5), this same level was calculated, but only in terms of
obstacles caused by a lack of competence. The corresponding
results are given in Table 7.

Table 3

Indicators of the impact of the level of competencies on the energy efficiency of enterprises

Definition of indicators by groups of enterprises with a level of
. competence in the development and implementation of
Indicator ID ETC projects
Low Medium High
1. Number of enterprises 11 12 11
2. Average level of energy efficiency of enterprises in 2024 0.457 0.621 0.759
3. The difference between the average energy efficiency levels of enterprises in
. . - - 0.164 0.138
their neighboring groups
4. Expected increase in average energy efficiency in enterprises with low staff com-
. . . . - 35.89 84.15
petence when moving to a class of enterprises with a higher level of competence, %

Data on the number of energy-saving technological change

Table 4
(ETC) projects at the beginning and end of the corresponding

stages of the process of developing and implementing these projects at the studied enterprises

Number of ETC projects at the begin- | Number of ETC projects at the end
Names of the stages of development and implementation of ETC ning of the corresponding stage by | of the corresponding stage by en-
projects enterprises that manufacture products |terprises that manufacture products
from metal | from glass | from clay |from metal|from glass | from clay
1. Collection of 1nput mformatlgn necessary fqr the development 46 53 39 a1 37 29
and implementation of ETC projects
2. Processing of 1nput 1nformat1f)n necessary fqr the development 31 37 29 31 37 29
and implementation of ETC projects
3. Adoption of a preliminary dems_lon on the implementation 31 37 29 28 34 2%
of ETC projects
4. Formation of resource suppor.t for the implementation 28 34 2% 2 2% 17
of ETC projects
5. Adoption of the final dec15101.1 on the implementation 2 2% 17 19 2 16
of ETC projects
6. Implementation of ETC projects 19 24 16 18 22 15




Table 5

Data on the number of energy-saving technological change (ETC) projects that did not pass the appropriate stages of the
development and implementation process of these projects at the studied enterprises

Total number of ETC projects that have |[Number of ETC projects that did not pass the
Names of the stages of development and implementa- not passed the appropriate stage, by | appropriate stage due to lack of competence,
tion of ETC projects enterprises that manufacture products | by enterprises that manufacture products
from metal | from glass | from clay | from metal | from glass from clay
1. Collection of 1nput 1nformat19n necessary fo'r the 15 16 10 1 13 8
development and implementation of ETC projects
2. Processing of input information necessary for the 0 0 0 0 0 0
development and implementation of ETC projects
3. Adoption of a preliminary decision on 3 3 3 ) 3 1
the implementation of ETC projects
4. Formation of resource support for 3 3 9 1 2 2
the implementation of ETC projects
5. Adoption of the final decision on 1 ) 1 0 1 0
the implementation of ETC projects
6. Implementation of ETC projects 1 2 1 0 1 0
Total 28 31 24 14 20 11
Table 6

Data on partial levels of obstacles in the development and implementation of energy-saving technological change (ETC)

projects at the studied enterprises

Average overall level of obstacles at the appropriate | Number of ETC projects that did not pass the
Names of the stages of development and | stage of development and implementation of ETC | appropriate stage due to lack of competence,
implementation of ETC projects projects by enterprises that manufacture products by enterprises that manufacture products
from metal from glass from clay from metal from glass from clay
1. Collection of input information necessary
for the development and implementation 0.326 0.302 0.256 0.239 0.245 0.205
of ETC projects
2. Processing of input information neces-
sary for the development and implementa- 0.000 0.000 0.000 0.000 0.000 0.000
tion of ETC projects
3. Adoption of a preliminary decision on 0.097 0.081 0.103 0.065 0.081 0.034
the implementation of ETC projects
4. Formation of resource support for the 0.286 0.235 0.346 0.036 0.059 0.077
implementation of ETC projects
5. Adoption of the final decision on the 0.050 0.077 0.059 0.000 0.038 0.000
implementation of ETC projects
6. Implementation of ETC projects 0.053 0.083 0.063 0.000 0.042 0.000
Table 7
Results of assessing the impact of personnel competence on energy-saving technological changes (ETC) at the studied enterprises
Average values of indicators by enterprises that manufac-
Indicator ID ture products
from metal from glass from clay
1. General level of obstacles in .the developmept and implementation of ETC 0.609 0.585 0.615
projects at enterprises
2. The overall level of obstacles in the development and implementation of ETC
. . . . 0.304 0.377 0.282
projects due to the insufficient level of competence of enterprise personnel
3. Expected relative change in the overall level of obstacles in the development
and implementation of ETC projects as a result of ensuring a high level of compe- 50.00 35.48 54.17
tence of enterprise personnel, %

From the data given in Table 7, it follows that the elim-
ination of obstacles caused by an insufficiently high level
of personnel competence would make it possible to reduce
the average level of such obstacles by type of economic
activity for enterprises by 35.48% to 54.17%. Thus, the level
of personnel competence had a rather significant impact
on the scale of energy-saving technological changes for

a significant number of enterprises under study. At the
same time, this impact was negative in the sense that the
necessary competencies were lacking. Therefore, improv-
ing these competencies should be considered an important
reserve for intensification of the process of energy-saving
(for natural gas) technological changes in some of the en-
terprises under study.



6. Discussion of the designed tool for assessing the
impact of personnel competence on energy-saving
technological changes

Our study showed that the assessment of the impact
of personnel competence on energy-saving technological
changes at enterprises should be based on properly substan-
tiated theoretical principles. This is explained, in particular,
by the complex mechanism of such an impact, the model of
which is shown in Fig. 1. It is also important to structure the
sequence of implementation of energy-saving technological
change projects at enterprises. Such structuring made it pos-
sible to group the studied competencies by the stages of the
process of such implementation, as was done in Table 1.

The method of indirect assessment of the impact of the
level of personnel competence on the scale of implementation
of energy-saving technologies at enterprises, developed in
the course of this study, also deserves special attention. As
follows from Fig. 2, for this purpose, it is necessary to divide
enterprises into groups according to the level of competence
in the development and implementation of energy-saving
technological change projects. This makes it possible to as-
sess the statistical significance of the relationship between
the level of these competencies and the energy efficiency of
activities, which, in turn, is largely determined by the scale of
implementation of energy-saving technologies at enterprises.

Regarding the method of direct assessment of the impact
of personnel competencies on energy-saving technological
changes, this method makes it possible not only to establish
the presence of such an impact but also assess its extent. In
addition, this method makes it possible to identify those stages
of the process of developing and implementing energy-saving
technological change projects at which there is the greatest
lack of relevant competencies. These opportunities are largely
due to the constructed economic and mathematical models of
obstacles to the implementation of energy-saving technological
change projects at enterprises (expressions (2) to (6)).

The use of the designed toolkit on a sample of 34 companies
in the western region of Ukraine showed its effectiveness. In
particular, data from a survey of enterprises regarding the level
of competencies available to their personnel as of the end of 2024
were processed (Table 2). These results, in particular, showed
that the averaged levels of various competencies across the stud-
ied enterprises differ from each other. These levels are the high-
est for most competencies related to the formation of resource
provision and project implementation. At the same time, the
average levels of competence in information collection and pro-
cessing are lower. At the next stage of the empirical study, using
formula (1), the generalized levels of personnel competence in
the development and implementation of energy-saving techno-
logical changes were estimated (Table 3). That made it possible
to establish that with an increase in the level of personnel com-
petence, the level of energy efficiency of enterprises increases. It
was also found that the transition of enterprises with a low level
of personnel competence to the class of companies with medium
and high such levels, respectively, would lead to an expected
increase in average energy efficiency by 35.89% and 84.15%.
Using the method of one-factor analysis of variance showed that
this dependence is statistically significant. At the same time,
as was additionally established, enterprises with medium and
high levels of personnel competence during 2014-2024 quite ac-
tively implemented energy-saving technological changes. This
allowed us to conclude that the competence of the personnel of
the companies studied had a positive impact on these changes.

It was also possible to perform an analysis of obstacles to
the implementation of energy-saving technological change
projects at the studied enterprises, the input data for the im-
plementation and the results of which are given in Tables 4-7.
In particular, it turned out that the highest level of such
obstacles for all three types of economic activity considered
is characteristic of the stages of collecting input information
and resource provision for project implementation. Ultimate-
ly, it was found that the elimination of obstacles caused by the
lack of personnel competence will make it possible to reduce
the average level of such obstacles by type of economic activ-
ity for enterprises by a relative value from 35.48% to 54.17%.

Thus, the proposed toolkit makes it possible to assess the
impact of the competence of enterprise personnel on ener-
gy-saving technological change. In particular, a positive fea-
ture of the designed toolkit should be considered the ability to
obtain accurate and comprehensive results using a formalized
procedure for processing input information. The proposed
toolkit is suitable for use by companies of all types of economic
activity, which will have a positive impact on their competi-
tiveness and the level of economic efficiency of operation.

Given these positive features of the results of our study, it
was possible to close some gaps in scientific literature. In par-
ticular, although the issue of assessing the impact of person-
nel competencies on energy-saving activities of enterprises
has been considered in many works, in particular in [11-15],
in the process of this study it was possible to increase the
degree of formalization of such assessment. Also, despite the
existence in the literature, in particular in [16-23], of various
ways of distinguishing competencies regarding energy sav-
ing, the method of grouping these competencies proposed
based on the results of this study allowed us to increase
their detailing. Finally, although the role of competencies in
overcoming obstacles in the implementation of energy-saving
measures has already been established in previous works, in
particular in [24, 25], in this study it was possible to obtain a
quantitative assessment of this role.

Taking into account the above, the tools formed in the
process of this study sufficiently fully cover the problem of
determining the extent of the impact of personnel competen-
cies on energy-saving technological changes at enterprises.
This is achieved due to the fact that the application of the
developed methods and models makes it possible to perform
such an assessment with due accuracy. In this regard, the
information obtained through such application provides an
opportunity to properly substantiate the directions of improv-
ing personnel competencies.

At the same time, our research has some limitations. In
particular, when conducting an empirical analysis, only the
first-level competencies were considered according to the
three-level model proposed in Fig. 1. It is also worth noting
the possibility of using, in addition to variance analysis, other
methods of statistical analysis, in particular regression.

In addition, it is appropriate to note the disadvantage of
the proposed procedure for assessing the impact of personnel
competence on energy-saving technological changes at en-
terprises, which somewhat limits the level of accuracy of the
results obtained through the application of this procedure. The
essence of the aforementioned disadvantage is in the fact that
a significant part of the input information consists of survey
results, which are a priori characterized by a certain subjec-
tivity. Therefore, further research, among other things, should
include the search for opportunities to use more objective ap-
proaches to assessing the level of personnel competence.



It should also be noted that part of the time period consid-
ered in this study fell on the time of large-scale military opera-
tions on the territory of Ukraine. These actions had significantly
negative consequences for the investment activity of business
entities in Ukraine, including investments in energy-saving
technological change projects. Therefore, in further research, it
would be worth assessing this impact in more detail.

7. Conclusions

1. The grouping of personnel competencies in the devel-
opment and implementation of energy-saving technological
change projects has been carried out, and the place of these com-
petencies among the factors influencing the implementation of
these changes was also established. For this purpose, the process
of developing and implementing energy-saving technological
change projects was divided into several stages. A certain group
of competencies of managers and specialists of enterprises in
the issues of such development and implementation was tied to
each of these stages. This made it possible to develop existing
methods of grouping the specified competencies, highlighting
such competencies as collecting input information, processing
it, making a preliminary decision, its resource provision, mak-
ing a final decision, and its implementation. At the same time,
all factors influencing the scale of energy-saving technological
change at enterprises were located at three levels, namely: fac-
tors of direct influence, factors of indirect influence and basic
factors. Thus, according to the proposed model of the influence
of factors on the scale of energy-saving technological changes
at enterprises, these changes can ultimately be divided into two
large groups. Such groups are the competencies of managers
and specialists of enterprises and uncontrollable factors. This
is due to the fact that if some factors are subject to managerial
influence, but such influence is absent, which negatively affects
energy efficiency, there is a lack of relevant managerial compe-
tencies. This approach to identifying factors of influence on en-
ergy-saving technological changes at enterprises does not reduce
the significance of controllable factors, in particular the volume
and quality of resources required for the implementation of en-
ergy-saving measures. However, this approach makes it possible
to identify the most profound, basic factors of this influence.

2. A toolkit has been proposed for assessing the impact of en-
terprise personnel competence on energy-saving technological
changes on them. The first method of such assessment (indirect
impact assessment) makes it possible to establish the presence
of the impact of personnel competence on energy-saving techno-
logical changes but does not provide for determining the extent
of such impact. The application of the second method of the
method (direct impact assessment) makes it possible to establish
the extent of such impact. In addition, this method makes it
possible to identify those stages of the process of developing and
implementing projects of energy-saving technological changes
at which there is the greatest lack of relevant competencies. The
proposed toolkit, compared to those existing in modern scientif-
ic literature, provides for obtaining a more accurate quantitative

assessment of the impact of enterprise personnel competence on
energy-saving technological changes.

3. The proposed tool for assessing the impact of enterprise
personnel competence on energy-saving technological changes
in them was tested on a sample of Ukrainian firms. For this
purpose, a sample of 34 enterprises located in the western region
of Ukraine was formed. These enterprises belonged to three
types of activity, which are characterized by a fairly significant
consumption of natural gas. The analysis revealed, in particular,
that the elimination of obstacles caused by the lack of personnel
competence would reduce the average level of such obstacles
by type of economic activity for enterprises by an amount from
35.48% to 54.17%. Thus, the level of personnel competence had a
fairly significant impact on the scale of energy-saving technolog-
ical changes for a significant number of enterprises under study.
At the same time, this impact was negative in the sense that the
necessary competencies were lacking. Therefore, improving these
competencies should be considered an important reserve for in-
tensification of the process of energy-saving (for natural gas) tech-
nological changes at some of the enterprises under consideration.
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