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gy-saving measures [2]. One of the most significant barriers 
to improving energy efficiency is often the lack of financial 
resources necessary for the implementation of energy-saving 
projects [3]. This is especially true of implementing the proj-
ects of energy-saving technological changes at enterprises 
since these projects often require significant amounts of 
investment that enterprises do not have at their disposal. 
At the same time, projects for the introduction of ener-
gy-saving technologies at enterprises are important tools 
for the transition of companies to an energy-saving model 
of their economic development. This is due to the fact that 
energy-saving technological changes make it possible to sig-
nificantly reduce the specific costs of certain types of energy 
resources for product manufacturing. Accordingly, with an 
increase in the volumes of its production, if such growth is 
accompanied by energy-saving technological changes, the 
total costs of enterprises for the purchase of energy resources 
will decrease, and profits will increase. In the end, reducing 

1. Introduction

Under conditions of limited volumes of many types of 
natural resources, governments of countries face the problem 
of ensuring their sustainable development, in which econom-
ic growth takes place without violation of the interests of 
future generations. Since non-renewable resources include 
fossil energy resources, in particular, oil and natural gas, en-
suring a gradual reduction in the consumption of non-renew-
able energy resources occupies an important place among 
the goals of sustainable development of countriesю This is 
achieved primarily due to increased level of energy efficiency 
and the transition to the use of alternative energy sources.

However, as the experience of implementing energy-sav-
ing measures by enterprises and households shows, there are 
many obstacles to such implementation. In particular, these 
obstacles include the lack of necessary information [1] and 
the lack of financial stimuli for the implementation of ener-
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This paper reports modeling the assess-
ment of the potential of loan financing of proj-
ects aimed at implementing energy-saving tech-
nologies. An array of information to assess the 
potential of loan financing of these projects was 
formed. The methods for assessing the existing 
and prospective potential of loan financing of 
projects for the implementation of energy-sav-
ing technologies were devised. The criteria for 
the selection of energy-saving projects, which 
should be financed at the expense of loan funds, 
were systematized and ordered. The appropri-
ateness of these studies is determined by the 
need to reduce the volume of energy consump-
tion of non-renewable energy resources in many 
countries of the world. This causes the need to 
determine the potential of financial support, 
in particular the potential of loan financing, 
the implementation of energy-saving projects, 
first of all, projects for the implementation of 
energy-saving technologies at enterprises. The 
obtained theoretic and methodological results 
for the sample of enterprises were tested. It was 
established that the absolute magnitude of the 
potential of loan financing of projects imple-
menting technologies that ensure reducing nat-
ural gas consumption at the studied enterprises 
is 42 projects and USD 1,805 thousand. As for 
the relative level of this potential, for the whole 
totality of enterprises it is: by the number of 
projects – 0.447; by financing volumes – 0.420. 
The obtained theoretical and methodological 
results can be applied by enterprises of all types 
of economic activity in assessing the magnitude 
of the potential of loan financing of energy-sav-
ing projects. In addition, these results can be 
used by the authorities in the development of the 
programs of preferential lending of the projects 
of implementation of energy-saving technologies
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specific costs of purchasing energy resources due to the 
introduction of energy-saving technologies at enterprises 
can in itself lead to an increase in sales of products due to its 
increased competitiveness.

The contradiction between the urgent need of enterpris-
es to implement energy-saving technologies and the lack of 
the necessary amount of financial resources for such imple-
mentation can be solved using the principles of loan financ-
ing [4]. This concerns, first of all, obtaining bank loans by 
enterprises. At the same time, their obtaining in a significant 
number of cases is associated with a certain level of riskiness. 
This riskiness is due to the fact that enterprises ‒ recipients 
of loans lack proper volumes of revenues to repay these loans 
and pay interest for their use. On the other hand, if the 
current level of energy efficiency at enterprises is low, their 
implementation of projects of energy-saving technological 
changes can significantly increase the value of financial out-
comes of activities of such enterprises.

Thus, the task of assessing the feasibility of loan financ-
ing of projects of energy-saving technological changes is re-
duced to the implementation of certain procedures by which 
profitability and riskiness of such projects are matched. 
These procedures should also be the basis for the develop-
ment of tools for assessing the potential of financing the 
implementation of energy-saving technologies at the expense 
of loan resources. The use of such tools by owners and man-
agers of enterprises will make it possible to obtain a probable 
assessment of the possibilities of attracting loan resources in 
order to finance energy-saving technological changes.

From the above, it follows that the issue of developing 
an effective tool for assessing the potential of loan financing 
of projects for the implementation of energy-saving technol-
ogies is relevant. This relevance, on the one hand, is due to 
the objective need to intensify energy-saving technological 
changes in order to increase the level of energy efficiency [5] 
and transfer to the use of alternative energy sources [6]. 
On the other hand, there is an urgent need to save financial 
resources for the implementation of energy-saving projects. 
Under such conditions, the identification of at least some 
enterprises with a sufficiently large capacity of loan financ-
ing of projects for the implementation of energy-saving 
technologies will contribute to making decisions on such 
implementation. This, in turn, will lead to an increase in the 
scale and speed of energy-saving technological changes in 
the economy.

2. Literature review and problem statement

Assessing the potential of loan financing the projects of 
the implementation of energy-saving technologies requires 
the separation from the totality of these projects the ones 
which are expedient and possible to finance through taking 
loans. It is also necessary to establish criteria for the selection 
of these projects. The indicators of crediting effectiveness 
should be mentioned among the most important criteria.

In general, as noted in paper [7], by effective lending to 
enterprises, it is advisable to imply the quantitative magni-
tude of economic, financial, social, environmental, and other 
consequences obtained through such lending. At the same 
time, various types of economic consequences of lending to 
enterprises and the relevant mechanisms that cause these 
consequences are explored in the literature. It is advisable 
to highlight three types of such consequences, namely: 

economic growth of enterprises, an increase of their profits 
and profitability, as well as an increase in the level of eco-
nomic risks.

The existence of a significant impact of lending to en-
terprises on their economic growth is quite convincingly 
proved in many scientific papers, in particular, in [8]. How-
ever, different researchers proposed different criteria for the 
economic growth of enterprises. In [9], this criterion is an 
increase in production volumes at enterprises. At the same 
time, in article [10], it is proposed to consider an increase in 
income and net assets of companies as economic outcomes of 
lending to enterprises.

In addition, separate researchers, in particular in [11], 
evaluated the impact of the volume of lending of companies 
on profits and profitability of their activities. However, the 
results of the studies of this impact are ambiguous. Specif-
ically, this concerns the effect of financial leverage, which 
underlies the mechanism of influence of lending volumes on 
profits and profitability of enterprises.

Thus, paper [12] points out the positive impact of this 
effect on the activities of enterprises. In article [13], it was 
established that there are negative consequences of the 
financial leverage effect for the development of companies. 
In the end, the authors of research [14] did not discover a 
significant impact of this effect on the results of activity of 
companies. At the same time, some scientists, in particular, 
the authors of paper [15], indicate the need to optimize the 
effect of financial leverage.

When it comes to assessing the impact of increasing the 
volume of lending to enterprises on the riskiness of their ac-
tivities, at present, there are no generally accepted methods 
and indicators of such assessment in the scientific literature. 
It is the lack of generally accepted methods for assessing the 
riskiness of lending to enterprises that can be the reason 
why scientists give contradictory assessments to the effect of 
financial leverage. It should be noted that there are not only 
direct but also inverse relations between lending volumes 
and the level of economic risk. As noted in paper [16], bank 
lending is an important source of funding for firms, however, 
firms experiencing greater uncertainty are prone to smaller 
lending volumes. Under such conditions, an increase in the 
riskiness of companies has a negative impact on the volume of 
their investments, in particular, in productivity growth [17]. 
In addition, as shown in paper [18], the level of riskiness of 
investing in the implementation of resource-saving projects, 
in particular energy-saving and technological processes, is 
quite high. Accordingly, the risk of non-repayment of loans 
taken for an investment in energy-saving measures of enter-
prises increases, which requires that they should pursue a 
balanced credit policy.

Thus, scientists separate a significant number of types 
of economic consequences of lending to enterprises. How-
ever, insufficient attention is paid to the selection of those 
results of the companies that most significantly depend on 
the volume of received loans. The reason for this may be 
the complexity of the mechanisms of the impact of lending 
on a change in the financial and economic performance of 
enterprises.

Assessment of the potential of loan financing of enter-
prise development projects, in addition to the effectiveness 
and riskiness of such financing, should also take into consid-
eration the factor of availability of credit resources.

Attracting credit resources by enterprises, in particular 
in order to finance energy-saving projects, is often associ-
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Insufficient effectiveness of attracting loans to finance 
enterprises and/or inadequate level of availability of loan 
financing may lead to the need for state financial assis-
tance to enterprises. In particular, as noted in [29], such 
assistance may provide for subsidy-based financing of en-
ergy-saving projects. In addition, according to the authors 
of the paper [30], an important area of state financial 
support for enterprises is their preferential lending, how-
ever, the parameters of such lending should be carefully 
substantiated.

The conducted review of the literature showed that the 
issue of developing indicators and methods for assessing the 
economic efficiency of loan financing of projects for the im-
plementation of energy-saving technologies is not yet defini-
tively resolved. Accordingly, the issue of developing a tool for 
assessing the potential of such funding remains unresolved. 
If we consider the causes of this phenomenon, we can name 
two major ones. Firstly, there is no properly organized and 
sufficiently complete system of criteria for the selection of 
those energy-saving projects that enterprises should finance 
at the expense of borrowed funds. Secondly, the currently 
existing methodological approaches to assessing the risk of 
loan financing are insufficiently justified. In addition, the 
modern scientific literature does not establish a clear link 
between the levels of efficiency, risk, and availability of 
lending to enterprises and the magnitude of the potential 
of loan financing of energy-saving projects. This may be 
due to the fact that such a statement of the problem has not 
yet become sufficiently widespread. At the same time, the 
study of such relations is expedient since it makes it possible 
to control the potential of loan financing of energy-saving  
projects.

Thus, given the considerable relevance of the issue of 
developing a tool for assessing the potential of loan financ-
ing of the projects for the implementation of energy-saving 
technologies, we can conclude that this issue needs further 
research. In particular, it concerns such tools for assessing 
the potential of loan financing of energy-saving projects 
as models of such assessment, its information support, and 
methods of implementation.

3. The aim and objectives of the study

The aim of the present research is to develop a tool for as-
sessing the potential of loan financing of the projects for the 
implementation of energy-saving technologies at enterprises. 
This will enable owners and managers of enterprises to get 
reliable information about their existing and prospective 
opportunities to implement energy-saving projects at the 
expense of borrowed funds.

To achieve the set goal, the following tasks were to be 
solved:

– to model the assessment of the potential of loan financ-
ing of the projects for the implementation of energy-saving 
technologies; 

– to form an array of information to assess the potential 
of loan financing of projects for the implementation of ener-
gy-saving technologies;

– to devise the methods for assessing the existing and 
prospective potential of loan financing of projects for the 
implementation of energy-saving technologies; 

– to test the obtained theoretical and methodological 
results for the sample of enterprises.

ated with the problem of insufficient availability of these 
resources. Thus, analysis of the activities of small companies 
in eleven European countries within 2014‒2016, which was 
carried out in article [19], revealed that these companies 
experienced great difficulties getting access to banking 
services. As noted in [20], small businesses, especially in 
countries with transition economies, may face great difficul-
ties in accessing external sources of financing. This is espe-
cially true of newly formed companies. Similar results were 
presented in research [21], which indicates that companies 
with smaller assets are limited mainly to internal sources of 
funds while firms with larger assets also attract funds from 
external sources.

Thus, the size of enterprises, according to scientists, 
significantly affects the possibility of accessing loans. In re-
lation to other factors that determine the level of availability 
of loans for companies, as stated in [22], small companies 
can increase this level if they are able to make a deposit. At 
the same time, the high profitability of small firms does not 
have a significant impact on facilitating their receiving a 
loan [22].

In general, at present, a sufficiently large number of 
scientific papers is devoted to the issue of assessing the 
availability of loan resources for enterprises. However, 
the relationship of this accessibility with the potential 
of loan financing of the projects that enterprises plan to 
implement in the future remains beyond the scientists’ 
attention.

As for crediting the projects of the implementation of 
energy-saving technologies, its availability should be con-
sidered in the context of overcoming obstacles that arise on 
the way to such implementation. In general, the volume of 
investments in such projects can be quite significant, which 
under certain conditions will cause the existence of financial 
barriers to the projects of the implementation of energy-sav-
ing technologies [23]. 

However, the situation in which financial obstacles to 
the implementation of energy-saving measures at enterprises 
concern only internal sources of financing is possible, there 
are principle opportunities for attracting borrowed sources 
of funds. Then enterprises should evaluate the economic 
effectiveness and feasibility of such involvement. This also 
requires an assessment of the expected economic effect of 
the introduction of energy-saving technologies at enterpris-
es [24]. This effect may be reflected in the magnitude of a de-
crease in current costs of enterprises due to a decrease in the 
norms of consumption of certain types of energy resources. 
However, this magnitude is not deterministic since it largely 
depends on the level of prices for relevant types of energy 
resources. For its part, this level can fluctuate significantly 
over time and is not always easy to predict [25].

In general, as shown in [26], projects for the implemen-
tation of energy-saving technological changes can be con-
sidered as the tools of adapting enterprises to the growth of 
prices for corresponding types of energy resources. However, 
as noted in paper [27], there is a certain range of prices for 
energy carriers, in which replacing existing technologies 
with energy-saving technologies will be economically feasi-
ble. At the same time, this conclusion is also fair in the case 
of financing energy-saving projects at the expense of a bank 
loan. In particular, in [28] it was established that at a signif-
icant increase in the price of natural gas, enterprises become 
unable to repay loans taken to finance such projects (since 
enterprises will have too little profit left).
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4. Materials and methods of research 

The theoretical basis of the study was the studies on 
ensuring sustainable development of enterprises [31‒33], 
development of their lending policy [34, 35], and the ra-
tional use of energy resources [36, 37]. 

For the purpose of empirical analysis, materials of 
statistical, accounting, and management accounting of a 
number of enterprises were used. Input information was 
obtained both based on analyzing the reporting of compa-
nies, and through their questionnaire survey.

To generate the formalized criteria for the selection 
of energy-saving projects, which should be financed 
through loans, the method of economic and mathematical 
modeling was applied. The need to use this method was 
caused by the complexity of the mechanisms of influence 
of lending to enterprises on the financial and economic 
performance. That is why the study of these mechanisms 
requires their preliminary formalization.

In order to organize the criteria for the selection of 
energy-saving projects, the method of system analysis 
was used. The need to apply this method is caused by 
the existence of a significant number of conditions, the 
fulfillment of which is nec-
essary in order to recog-
nize the feasibility of loan 
financing of the projects 
for the implementation of 
energy-saving technolo-
gies at enterprises. These 
conditions are interrelated 
and require systematized  
consideration.

Implementation of em-
pirical research required 
the use of methods for eco-
nomic analysis and tech-
nical and economic calcu-
lations. These techniques 
make it possible to carry 
out a detailed assessment of 
the impact of certain factors 
on the magnitude of the po-
tential of loan financing of 
the implementation of proj-
ects of energy-saving tech-
nologies at enterprises and 
to quantify this magnitude.

The tabular and graph-
ical methods were used to 
visualize the results.

When formulating con-
clusions from the conduct-
ed study, we applied the 
abstract-logical method. 
This has made it possible to 
establish the most signifi-
cant results of the studies, 
identify the reasons that 
caused these results, and 
determine the ways of fur-
ther study of the studied  
issues.

5. Results of studying a toolset for assessing the potential 
of loan financing of projects for implementing energy-

saving technologies 

5. 1. Modeling the assessment of the potential of loan 
financing of projects for implementing energy-saving 
technologies

Assessment of the potential of loan financing of proj-
ects for the implementation of energy-saving technologies 
requires, first of all, the formation of an input array of 
information about such projects. Subsequently, among 
these projects, one should choose those that should be 
financed through the use of bank loans and other types of 
loan sources of funds. Then the potential of loan financing 
of projects for the implementation of energy-saving tech-
nologies can be estimated, in particular, by the amount 
of investment in the implementation of these projects. 
However, it is quite a challenge to separate the projects 
that should be financed through loans among the input 
array of information about projects of the implementation 
of energy-saving technologies. Its solution requires the 
implementation of a multi-step process, the description of 
which is shown in Fig. 1.

 

Input array of information about the projects of implementation of energy-saving technologies 

Projects with positive average expected 
profitability 

Projects with negative average expected 
profitability 

Projects with admissible average expected 
profitability  

Projects with too low average expected 
profitability  

Projects, implementation of which is not 
appropriate to be put off for the future 

Projects, implementation of which is 
appropriate to be put off for the future 

Projects that are advisable to be financed by 
loans 

Projects that are not advisable to be 
financed by loans  

Projects that can be financed by loans at the 
existing level of financial stability of 

enterprises 

Projects that can not be financed by loans 
at the existing level of financial stability of 

enterprises 

Projects that are economically profitable for 
an enterprise to finance by loan sources 

Projects that are not economically 
profitable for an enterprise to finance by 

loan sources

Projects, loan financing of which will not 
make too negative influence on the 
financial stability of an enterprise 

Projects, loan financing of which will 
make too negative influence on the 
financial stability of an enterprise 

Projects, loan financing of which will not 
make too negative influence on the volume 

of dividend payment  

Projects, loan financing of which will 
make too negative influence on the 

volume of dividend payment  

Fig.	1.	The	process	of	selection	of	projects	for	the	implementation	of	energy-saving	
technologies,	which	are	appropriate	to	be	financed	from	borrowed	sources	of	funds
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It is important to distinguish between the absolute and 
relative magnitudes of the potential of loan financing of the 
projects for the implementation of energy-saving technolo-
gies. As for the absolute magnitudes of this potential, they 
can be measured by the number of projects that are appro-
priate to be financed through loans and the amount of such 
funding. As for assessing the relative level of the specified 
potential, it can be determined by the share of the projects 
that should be financed through loans in the total number 
of the projects under consideration. Another approach to 
such assessment is to establish the share of investments in 
projects that are appropriate to be financed by loans, in the 
total amount of investments in the implementation of the 
entire totality of the projects under consideration.

Taking into consideration the above, the relative level of 
the potential of loan financing of the projects of the imple-
mentation of energy-saving technologies can be represented 
by the following two multiplicative models:

=

= ∏
8

1

;p pi
i

I I    (1)

=

= ∏
8

1

,c ci
i

I I    (2)

where Ip is the relative level of the potential of loan financing of 
the projects of implementation of energy-saving technologies by 
the number of projects;

Ip1,…, Ip8 are the components of the multiplicative model of 
the potential of loan financing of the projects of implementation 
of energy-saving technologies, by the number of projects;

Ic is the relative level of the potential of loan financing of 
the projects of implementation of energy-saving technologies, 
by the investment volumes;

Ic1,…, Ic8 are the components of the multiplicative model of 
the potential of loan financing of the projects of implementation 
of energy-saving technologies, by the investment volumes.

The order of calculating the indicators contained in mod-
els (1) and (2) is described in Table 1.

It should be noted that the indicators of the need for Ci 
investments, the description of which is given in Table 1, 
are influenced by various factors. The way these factors are 
grouped is shown in Table 2.

Table	1

Indicators	contained	in	multiplicative	models	of	the	magnitude	of	the	potential	of	loan	financing	of	projects	for	the	
implementation	of	energy-saving	technologies	at	enterprises

Indicators
Kinds of 

indicators

Designa-
tion of 

indicators

Calcu-
lation 

formula
 Designation of indicators contained in formulas

1 2 3 4 5

1. Share of profitable projects 
among all projects

By the 
number of 

projects
Ip1 P1/P

P – the total number of projects for the implementation of ener-
gy-saving technologies at enterprises, units; 

P1 – the number of projects with positive average profitability, units

By required 
investment

Ic1 C1/C

C – the general need for investments to realize the projects for 
the implementation of energy-saving technologies at enterpris-

es, monetary units; 
C1 – the need for investments to realize the projects for the 

implementation of energy-saving technologies at enterprises, 
monetary units

2. Share of projects with permis-
sible average profitability among 

profitable projects

By the 
number of 

projects  
Ip2 P2/P1

P2 – the number of projects with permissible average profitabil-
ity, units

By required 
investment

Ic2 C2/C1
C2 – the need for investments to implement the projects with 

permissible average profitability, monetary units

3. Share of projects, the im-
plementation of which is not 
advisable to postpone, among 

projects with  permissible aver-
age profitability

By the 
number of 

projects
Ip3 P3/P2

P3 – the number of projects, the implementation of which is not 
appropriate to postpone, units

By required 
investment

Ic3 C3/C2
C3 – the need for investments to realize the projects, the implemen-

tation of which is not appropriate to postpone, monetary units

4. Share of projects that are ad-
visable to be financed from loan 
sources among the projects that 

are not advisable to postpone  

By the 
number of 

projects
Ip4 P4/P3

P4 – the number of projects that may be advisable to finance 
from loan sources, units

By required 
investment

Ic4 C4/C3
C4 – the need for investments to implement the projects that 

may be expedient to finance from loan sources, monetary units
5. Share of projects, for the 

financing of which enterprises 
are able to attract loans at the 
existing level of their financial 
stability, among projects that 
may be appropriate to finance 

from loan sources

By the 
number of 

projects
Ip5 P5/P4

P5 – the number of projects, for the financing of which enter-
prises are capable to attract loans at the existing level of their 

financial stability, units

By required 
investment

Ic5 C5/C4

C5 – the need for investments for the implementation of projects, 
for the financing of which enterprises are capable to attract loans 

at the existing level of their financial stability, monetary units

6. Share of projects, which are 
economically profitable for 
enterprises to finance from 

loan sources, among projects to 
finance which enterprises can 

attract loans at the existing level 
of their financial stability

By the 
number of 

projects
Ip6 P6/P5

P6 – the number of projects, which are economically profitable 
for enterprises to finance from loan sources, units 

By required 
investment

Ic6 C6/C5

C6 – the need for investments for the implementation of projects, 
financing of which from loan sources is economically profitable 

for enterprises, monetary units
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The factors listed in Table 2 also have an indi-
rect impact on the relative level of the potential of 
loan financing of projects for the implementation of 

energy-saving technologies in terms of volumes of 
investments. The model of such influence is shown  
in Fig. 2. 

1 2 3 4 5
7. Share of projects, financing of 

which by loans will not have a too 
negative impact on changing the 
financial stability of enterprises, 

among projects, financing of which 
from loan sources is economically 

profitable for enterprises

By the 
number of 

projects
Ip7 P7/P6

P7 – the number of projects financing of which by loans will not 
have a too negative impact on changing the financial stability of 

enterprises, units 

By required 
investment

Ic7 C7/C6

C7 – the need for investments for the implementation of projects, 
financing of which by loans will not have a too negative impact on 

a change in the financial stability of enterprises, monetary units

8. Share of projects financing 
of which by loans will not have 

a too negative impact on the 
volume of dividend payments 
of enterprises, among projects, 

loan financing of which will not 
have a too negative impact on 

changing the financial stability 
of enterprises

By the 
number of 

projects
Ip8 P8/P7

P8 – the number of projects, financing of which by loans will not 
have a too negative impact on the volume of dividend payments 

of enterprises, units 

By required 
investment

Ic8 C8/C7

C8 – the need for investments for the implementation of projects, 
loan financing of which will not have a too negative impact on the 

volume of dividend payments of enterprises, monetary units

Continuation	of	Table	1

Table	2	

Factors	influencing	the	need	for	investment	in	projects	for	the	implementation	of	energy-saving	technologies	at	enterprises

Groups of factors Names of factors
Designation 

of factors

1. Factors that determine 
the level of economic 

effectiveness of the imple-
mentation of projects for 

the implementation of en-
ergy-saving technologies

1. 1. The required amount of investment in the implementation of each project F.1.1
1. 2. Physical volumes of the economy of energy resources as a result of the implementation of 
each project

F.1.2

1. 3. The average expected level of prices for energy resources, the economy of which is envis-
aged for each project

F.1.3

1. 4. The expected average magnitude of additional current costs caused by the implementation 
of each project

F.1.4

1. 5. Norm of investment profitability F.1.5
1. 6. Level of the riskiness of the implementation of each project F.1.6

2. Factors that determine 
the level of economic 
effectiveness of using 
existing technological 

processes at enterprises, 
the replacement of which 

is considered

2. 1. Expected effective term of operation of existing technological processes at enterprises F.2.1
2. 2. Predicted distribution by years of net cash flow from the operation of existing technologi-
cal processes

F.2.2

2. 3. Predictive change over time in the need of investment in replacing existing technological 
processes with energy-saving ones

F.2.3

2. 4. Discount rate F.2.4

3. Factors that determine 
the economic effectiveness 

of attracting borrowed 
funds in order to finance 

projects for the implemen-
tation of energy-saving 

technologies at enterprises

3. 1. Availability of the mechanisms of financial support of the realization of projects for 
implementing energy-saving technologies, which are more attractive for enterprises than loan 
financing (budget subsidies, sponsorship, grants, etc.)

F.3.1

3. 2. Average interest rate by loans   F.3.2
3. 3. Loan availability F.3.3
3. 4. Maximum terms for which loans can be taken F.3.4
3. 5. Availability of state programs to support enterprises that expect to receive loans to finance 
energy-saving projects

F.3.5

4. Factors that deter-
mine the current level of 

financial stability of those 
enterprises that plan to 
realize projects for the 

implementation of ener-
gy-saving technologies

4. 1. Average expected magnitude of profit before paying interest on loans and income taxes F.4.1
4. 2. Level of fluctuations in the expected magnitude of profit before paying interest on loans 
and taxes on profits

F.4.2

4. 3. Available volume of loan capital  F.4.3
4. 4. Structure of borrowed capital by terms of repayment of loans F.4.4

4. 5. Level of interest rates on previously taken loans F.4.5

5. Requirements of owners 
of enterprises planning 

to realize projects for the 
implementation of ener-
gy-saving technologies 

for the parameters of loan 
financing

5. 1. Maximum possible level of probability that taking a loan will be worthwhile F.5.1
5. 2. The minimum permissible level of the ratio between the average return on investment in 
projects and interest rate

F.5.2

5. 3. Maximum admissible level of probability of bankruptcy F.5.3
5. 4. The minimum permissible amount of dividend payments and their distribution by years of 
the forecast period

F.5.4

5. 5. The maximum permissible level of probability that as a result of taking a loan, the company will 
not be able to satisfy the owners’ conditions regarding the volumes and terms of dividend payments

F.5.5
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The use of the model presented in Fig. 2 makes it pos-
sible to identify reserves for the growth of the potential 
of loan financing of projects for the implementation of 
energy-saving technologies. To this end, it is necessary 
to influence the corresponding factors that indirectly 
determine this potential in order to increase the need 
for investments in the implementation of energy-saving 
projects. At the same time, each stage of the formation of 
such a need should be considered separately. Accordingly, 
it is possible to highlight the existing (existing currently) 
and prospective potential of loan financing of projects for 
the implementation of energy-saving technologies. As for 
the prospective potential, it is formed in the process of 
improving lending conditions and enhancing the compe-
tence of enterprise employees in matters of loan financing 
of energy-saving projects.

5. 2. Formation of an array of information to assess 
the potential of loan financing of projects for implement-
ing energy-saving technologies

Assessment of the potential of loan financing of projects of 
implementation of energy-saving technologies at enterprises 
requires a wide range of incoming (primary) information. 
This information can be divided into several units (Table 3). 
In particular, it is worth highlighting information about: 
an energy-saving project, the expected financial outcome 
of an enterprise after the project implementation, lending 
conditions, preferences of owners and managers, as well as 
other information.

In particular, one of the main components of input in-
formation that is necessary to assess the potential of loan fi-
nancing of projects for the implementation of energy-saving 
technologies is the function of distribution of probabilities of 
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 Fig.	2.	Model	of	influence	of	factors	on	the	relative	level	of	potential	of	loan	financing	of	projects	of	implementation	of	energy-
saving	technologies	at	enterprises
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financial outcomes. Two main types of such functions should 
be identified – those describing financial outcomes of a proj-
ect and those that describe financial outcomes of an enterprise 
after the project implementation. At the same time, this work 
considers two ways to present these functions: continuous and 
discrete. The continuous method is based on the approxima-
tion of the probability distribution graph by polygonal lines. 
This method should be used when it is necessary to assess 
the probability that the financial outcomes will not exceed 
their predefined value. As for the discrete way of presenting 
the function of distribution of financial outcomes, it is more 
expedient to use it when assessing the riskiness of projects.

Table	3

Grouping	of	incoming	information	necessary	to	assess	the	
potential	of	loan	financing	of	projects	for	the	implementation	

of	energy-saving	technologies

Units of information Main content of units of information  

1. Information 
about an ener-

gy-saving project

Required investments in the project, mathe-
matical expectation of income and profits un-

der the project, the function of distribution 
of probabilities of financial outcomes under 
the project, the level of riskiness of project 

implementation, etc. 

2. Information on 
the expected finan-
cial outcomes of an 
enterprise after the 
project implemen-

tation

The mathematical expectation of financial 
outcomes of the enterprise’s activity after the 
project implementation, the function of dis-

tribution of probabilities of these results, etc.

3. Information on 
lending conditions

Loan rates, loan terms, need and volume of de-
posit, repayment schedules for taken loans, etc.

4. Information on 
preferences of own-

ers and managers

The permissible level of project profitability, 
permissible probability of unsuccessful proj-
ect implementation, permissible probability 

of bankruptcy of an enterprise, etc.

5. Other informa-
tion

Information about technological processes that 
are supposed to be replaced with energy-saving 

technologies, information about alternative 
ways of financial support for the implementa-

tion of an energy-saving project, etc.

In particular, in the case of constructing a continuous 
function of distribution of probabilities of financial outcomes 
for a project, one must first establish the final set of values of 
probability and the corresponding magnitude of the financial 
outcome for the project before paying interest on the loan. For 
this purpose, the expert survey method can be used. Then the 
function of distribution of probabilities of financial outcomes 
under the project of implementation of energy-saving technol-
ogies will have the following formalized form:
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where Prp is the probability that the magnitude of the finan-
cial outcome under the project before payment of interest on 
the loan will not exceed Rp;

Rp is the variable magnitude that characterizes the 
magnitude of the financial outcome under project before 
payment of interest on a loan, monetary units;

Prpi is the probability that the magnitude of the finan-
cial outcome under project before payment of interest on 
the loan will not exceed Rpi;

n is the number of initial values of probability and corre-
sponding magnitude of the financial outcome under project 
before payment of loan interest.

In turn, in order to plot the continuous function of dis-
tribution of probabilities of financial outcomes of an enter-
prise after the implementation of an energy-saving project, 
the final set of values of probability and the corresponding 
magnitude of financial outcomes should be constructed first. 
These results can be the magnitude of the financial outcome 
of the company’s activities before paying interest and re-
payment of the main amount of the loan. Then the function 
of distribution of probabilities of the financial outcome of 
an enterprise after the realization by them of the project of 
implementation of energy-saving technologies will take the 
following formalized form:
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where Pre is the possibility that the magnitude of the finan-
cial outcome of the activity of an enterprise before paying 
interest and repaying the main loan amount after the project 
implementation will not exceed Re;

Re is the variable magnitude that characterizes the finan-
cial outcome of the activity of an enterprise before payment 
of interest and repayment of the main amount of loan taken 
for project financing, monetary units;  

Prei is the probability that the magnitude of the financial 
outcome of the activity of an enterprise before payment of 
interest and repayment of the main amount of loan will not 
exceed Rei;

d is the number of initial values of probability and corre-
sponding magnitudes of the financial outcome of the activity 
of an enterprise before payment of interest and repayment of 
the main sum of loan.

If the function of distribution of probabilities of financial 
outcome for a project is presented in discrete form, the final 
set of values of this result and probabilities of these values 
are given. Note that by increasing the elements of such a 
set, it is always possible to obtain a set in which all values of 
financial outcome will have the same probability. This case 
will be considered below.

Consider the final set of non-negative values of the 
financial outcome for a project of implementation of ener-
gy-saving technologies at an enterprise. At the same time, 
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financial outcome is determined before paying interest on 
the loan taken for the implementation of this project. The 
corresponding set will take the following form:

{ }−=1 1 2 1, ,..., ,..., , ,pm pm pmi pmk pmkM R R R R R    (5)

where Rpmi is the financial outcome for a project before pay-
ing interest on the loan taken to implement the project in the 
і-th situation, monetary units; 

k is the total number of elements of the set (5).
Since the total number of elements of the set (5) is k, 

and by condition, all values of these elements have the same 
probability, this probability is 1/k.

Note that the set (5) must be ordered, namely, the values 
of its elements should not descend, that is, they must satisfy 
the following chain of inequalities:

−≤ ≤ ≤ ≤ ≤ ≤1 2 1... ... .pm pm pmi pmk pmkR R R R R    (6)

We will now introduce into consideration the second set, 
which is a derivative of set (5). In this new set, all elements 
except the first one will be the difference between the values 
of the next and the previous elements:
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where ΔRpmi is the values of the і-th element of set (7), monetary 
units; in this case, the first elements of sets (5), (7) coincide.

Note that among the elements of set (7), there can be 
elements with zero values (if set (5) have the same elements). 
However, this circumstance does not affect the final results 
of the study.

Each element of the set (7) can be associated with a 
certain probabilistic characteristic. In particular, for the 
first element, it will be zero, and for the last 1/k. For the і-th 
element, this characteristic will be 1–(і–1)/k. In fact, the 
considered characteristic describes the threat not to receive 
financial outcome ΔRpmi. With this in mind, the set (7) can 
be matched by two more sets, namely:

1. A set of values of mathematical expectation for each 
element of set (7):
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where Мpmi is the value of the і-th element of set (8), mone-
tary units.

2. A set of quotients of values of mathematical expecta-
tion for each element of the set (7) in the total magnitude of 
mathematical expectation for all elements of this set:

{ }= α α α4 1,..., ,..., ,i kM    (9)

where αі is the value of the і-th element of set (9), which is 
found from the following formula:
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Then the level of risk of realization of the project for the 
implementation of energy-saving technologies by an enter-
prise can be estimated as the sum of products of probability 
of not gaining certain values of financial outcome ΔRpmi and 
the values of the corresponding elements of the set (9):

=

= Δ ⋅α∑
1

,
k

R pmi i
i

I R     (11)

where IR is the level of risk of realization of the project for the 
implementation of energy-saving technologies by an enterprise.

The basic idea of constructing expression (11) is that the 
function of distributing the financial outcome of the project 
implementation is divided into separate elements (these are 
elements of set (7)). Each of these elements is matched to a 
certain level of probability that it will not be obtained as a 
result of the project implementation, that is, the level of risk 
for this element is determined. Then the total riskiness of 
the project will be equal to the weighted value of risk for all 
elements of set (7).

It should be noted that the magnitude of indicator (11) 
can gain values in the section from zero to unity. The closer it 
approaches the unity, the more risky a certain project should 
be considered.

5. 3. Methods for assessing the existing and prospec-
tive potential of loan financing of projects for implement-
ing energy-saving technologies

Assessment of the existing potential of loan financing 
of projects of implementing energy-saving technologies at 
enterprises should include the following sequence of actions:

1. Formation of a sample of enterprises. In this case, if 
enterprises belong to different types of economic activity, 
samples should be formed for each of these types.

2. Formation of a set of projects of implementation of 
energy-saving technologies at the studied enterprises.

3. Creation of an array of input information necessary to 
assess the existing potential of loan financing of projects of 
implementation of energy-saving technologies at enterprises.

4. Separation in a set of projects for the implementation 
of energy-saving technologies at studied enterprises of a sub-
set of those projects that should be financed through loans.

5. Calculation of the values of absolute and relative 
indicators of estimation of the existing potential of loan 
financing of projects for implementation of energy-saving 
technologies at enterprises.

As for the criteria for the selection of projects of imple-
mentation of energy-saving technologies at enterprises, the 
set of these criteria should correspond to the stages of project 
selection presented above in Fig. 1. In particular, it is possible to 
give the following form of the criterion of existence of a positive 
value of average expected profitability of a particular project:
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where Inv is the total magnitude of investment required to 
realize the project of implementation of energy-saving tech-
nologies, monetary units.
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Similarly, one can formalize the criterion of the existence 
of a permissible value of the average expected profitability of a 
particular project. This criterion will take the following form:

=
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where Pramin is the minimum permissible, from the positions 
of owners and managers, level of profitability of investment 
in the realization of the project of implementation of ener-
gy-saving technologies.

The third criterion for the selection of projects should in-
clude separation of those, the implementation of which is not 
worthwhile postponing for the future. This criterion should 
be formalized as follows:
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where T is the interval of time from the given moment to 
the moment of changing existing technological processes for 
energy-saving technologies, years;

Ft is the net cash flow (sum of profit and depreciation 
charges) on condition of using old technological processes 
in the t-th year, beginning with the given moment of time, 
monetary units;

r is the annual discount rate for a certain project;
VnpТ is the net current cost of the project of implemen-

tation of energy-saving technologies by the moment of the 
beginning of gaining income on it provided that this moment 
is T, monetary units.

The following criterion should ensure rejection of the 
projects, the implementation of which is more profitable to 
implement in advance at the expense of other sources (that is, 
not through loans). This criterion will be exceeding the need 
for investments in the project over the amount of funds that the 
company can attract on an irrevocable and free of charge basis.

The fifth criterion for the selection of projects should include 
rejecting those, the implementation of which cannot be carried 
out in advance through loan financing due to the unsatisfactory 
financial condition of enterprises that provide for such imple-
mentation. This criterion will be exceeding the need for invest-
ment in the project over the magnitude of the creditworthiness 
potential of the enterprise that plans to implement this project.

Regarding the separation of those projects for the im-
plementation of energy-saving technologies, the financing of 
which from loan sources is economically beneficial for enter-
prises, this separation requires the application of at least two 
criteria. The first criterion is to ensure the proper relation 
between the average expected return on investment in a proj-
ect and the loan interest rate. The second criterion will be the 
permissible level of probability that the financial outcome of a 
project after paying interest on the loan will be non-negative. 
These two criteria will take the following form:
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where rc is the annual interest rate on the loan;
β is the minimum ratio of the average expected profit-

ability of investment in the project to the percent of loan 

rate, admissible from the point of view of owners and man-
agers of an enterprise;   

Pr is the minimum admissible level of probability that the 
financial outcome of a project after the payment of interest 
on the received loan will turn out to be non-negative.

It should be noted that the process of establishing the 
magnitude of β coefficient can be deprived of subjectivism 
if the above formula (11) is used. To do this, follow this se-
quence of actions:

1. Form set (5). In this case, the restriction on the 
non-negativity of its elements is not imposed. 

2. If in the formed set, there are elements with negative 
values, increase all its values by the modulo-taken value Rpm1. 
Then get the adjusted set (5). 

3. Determine the level of risk of a project by formula (11).
4. Evaluate the market value of the project, the finan-

cial outcomes of which are described by set (5) or adjusted 
set (5). With this purpose, mathematical expectation of 
financial outcomes is capitalized at a risk-free rate, followed 
by a decrease in the received magnitude in proportion to the 
level of project risk. In particular, in the case of the adjusted 
set (5), the corresponding calculation can be performed from 
the following formula:

( )
=

+ 
= ⋅ ⋅ −  ∑ 1

1

1
1 ,

k
pmi pm

p R
inr

R R
C I

r k
   (17)

where Cp is the market cost of a project, the financial cost of 
which is described by the adjusted set (5), monetary units;

rnr is the risk-free capitalization rate. 
5. Check the condition of the feasibility of loan financing 

of the implementation of the project, the financial results 
of which are described by set (5). This condition takes the 
following form:
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From inequality (19), obtain:
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The seventh criterion for the selection of projects of 
energy-saving technologies to implement at enterprises 
should include the separation of the projects, the loan fi-
nancing of which will not have a too negative impact on 
their financial stability. To formalize this criterion, the 
following condition for timely repayment of the taken loan 
should be presented:
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where Tr is the total term of payment of the loan, taken by an 
enterprise, years; 
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Fr is the annual magnitude of costs directed to repay the 
loan, monetary units.

From equation (21), obtain:
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Taking into consideration the above, the criterion for the 
separation of the projects, the loan financing of which will 
not have a too negative impact on the financial stability of 
enterprises will be as follows:

( ) ≤ 2,ep r rP F P    (23)

where Pr2 is the maximum permissible level of probability 
that an enterprise will not be able to repay the full amount of 
the loan, obtained to finance the project of implementation 
of energy-saving technologies.

In the end, the criterion that the loan financing of an 
energy-saving project by an enterprise will not have a too 
negative impact on the volume of dividend payments can be 
formalized as follows:

( )+ ≤min 3,ep r rP F D P    (24)

where Dmin is the minimum admissible annual magnitude of 
dividend payments, from the point of view of the owner of an 
enterprise, monetary units.

Pr3 is the maximum possible level of probability that an 
enterprise, having taken the loan to finance an energy-sav-
ing project, will not be able to ensure the minimum admissi-
ble level of dividend payments.

The issue of how fully enterprises use the existing poten-
tial of loan financing of projects for the implementation of en-
ergy-saving technologies is of certain interest. The following 
indicator can be used to assess the level of using this potential:
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where Ipc is the indicator of the assessment of the level of us-
ing the existing at enterprises potential of loan financing of 
projects for the implementation of energy-saving technologies;

Cf is the actual amount of investments in these projects, 
financed by enterprises at the expense of borrowed sources, 
monetary units;

Cnf is the actual amount of investment in the projects 
which were financed by loans, but this financing turned out 
to be inappropriate, monetary units;

Ch is the estimated absolute magnitude of the potential 
of loan financing of projects for the implementation of ener-
gy-saving technologies, monetary units.

In order to predict the amount of loan financing of 
realization of projects of implementation of energy-saving 
technologies at enterprises in the future, it is worthwhile as-
sessing not only existing but also the prospective potential of 
such financing. The sequence of assessment of this potential 
will include the following main stages:

1. Formation of a set of the projects, the loan financing of 
which was impractical when assessing the existing potential 
of loan financing of the implementation of energy-saving 
technologies by enterprises.

2. Separation of the factors, due to which it is possible to 
expect positive changes in the future among the factors that 
influence the need for loans to finance the implementation of 
energy-saving technologies at enterprises (Table 2).

3. Quantitative assessment and forecasting of positive 
changes of separated factors.

4. Establishment of the links between these changes 
and the set of projects, which will be worthwhile financing 
through loans, provided that these changes take place. 

5. Calculation of the values of absolute and relative in-
dicators of estimation of the prospective potential of loan 
financing of projects of implementation of energy-saving 
technologies at enterprises.

In particular, among the factors that have an impact on 
the economic effectiveness and feasibility of loan financing 
of projects, one of the central places is taken by the interest 
rate on a bank loan. A decrease in this rate may lead to a sig-
nificant increase in the need for loan financing of projects of 
implementation of energy-saving technologies at enterprises.

Fig. 3 shows the sequence of assessing the prospective 
potential of loan financing of projects for the implementation 
of energy-saving technologies at enterprises, provided that 
the future interest rate on a bank loan decreases.

Expressions to determine the values of the loan interest 
rates that appear in Fig. 3 can be found by constructing certain 
equations and finding formulas for their solution relative to rc. 

In particular, to obtain a formula for determining mag-
nitude rc1, it is necessary to convert inequality (19) into an 
equation. Then, having expressed rc from this equation, we get:
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where rc2 is the sought-for value of the rate of loan interest 
rate, at which inequality (19) is converted into equality. 

To find an expression to determine indicator rc2, it is 
worth considering function Z, which is inverse to the func-
tion (3). Then the sought-for expression is determined from 
the following equation:

( ) = ⋅1 .r nv cZ P I r    (27)

From (27), we obtain:
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where rc2 is the sought-for value of the loan interest rate, at 
which equality (27) is true. 

To find an expression to determine indicators rc3 and 
rc4 (Fig. 3), it is worth considering function W, which is 
inverse to function (4). Then the sought-for expressions are 
determined from the following equations:
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From the equations (29), (30) one can derive formulas for 
approximate calculation of indicators rc3 and rc4. In particular, 
if these values a priori are significantly smaller than unity, it is 
possible to be limited to the first three terms of the decomposi-
tion series of the power expression in formulas (29), (30). Then 
accordingly we get:
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where rc3, rc4 are the sought-for values of loan interest 
rate, at which equality (29) and equality (30) are true, 
respectively.

Expressions (26) to (32) can be applied when justifying 
state and municipal preferential lending programs for enter-
prises seeking to implement energy-saving projects.

5. 4. Approbation of 
the obtained theoretic and 
methodological results

Many countries face the 
problem to reduce the con-
sumption of non-renewable 
energy resources, in particu-
lar, natural gas. That is why 
the projects of implementa-
tion of the technologies that 
involve a reduction of specific 
consumption of natural gas 
at enterprises were analyzed. 
To this end, 100 enterpris-
es of Ukraine were select-
ed from three industries, for 
which significant consump-
tion of natural gas is char-
acteristic. These industries 
include manufacturing metal 
products, production of glass 
and glass products, as well 
as production of bricks, tiles, 
and other building materials 
made of clay.

73 out of 120 enterprises 
remained for further consid-
eration after conducting a 
survey at them. Other en-
terprises did not provide 
sufficient information or did 
not consider the possibility 
of implementing projects to 
reduce natural gas consump-
tion within 2019‒2020.  

Based on the collected 
information, we formed an 
array of input data that is 
necessary to assess the po-
tential of loan financing of 
projects of implementation 
of technologies that reduce 

natural gas consumption at the studied enterprises. Infor-
mation about the enterprises and projects for which this 
potential was evaluated is presented in Table 4.

Based on the processing of an array of collected informa-
tion, we formed input data and calculated the absolute magni-
tude of the potential of loan financing by enterprises of projects 
of implementation of technologies that ensure a decrease in 
natural gas consumption. At the same time, in order to reject 
projects that are inappropriate to finance by loans, the above 
criteria were used. The corresponding calculations were carried 
out both by the number of relevant projects (Table 5) and by 
the volume of investments in their implementation (Table 6).

As follows from the data shown in Table 5, it is possible to 
mention three main reasons that caused the inappropriateness 
of loan financing of some projects for the introduction of tech-
nologies for reducing natural gas consumption at the enterpris-
es under consideration. These reasons are the inadequate level 
of financial stability of enterprises (as a result, 10 projects were 
rejected), low credit effectiveness (12 projects were rejected), 
and its negative impact on the financial stability of enterpris-
es (9 projects were rejected). In addition, 7 projects were not 
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Fig.	3.	The	sequence	of	assessing	the	prospective	potential	of	loan	financing	of	projects	for	
the	implementation	of	energy-saving	technologies	at	enterprises	provided	that	the	future	

interest	rate	on	a	bank	loan	is	reduced
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profitable enough to be implemented in general. Since the 
number of projects of reducing natural gas consumption at the 
studied enterprises, the implementation of which turned out 
to be impractical, is 52, the four listed reasons explain 73 % of 
those rejected. At the same time, as follows from the data shown 
in Table 6, the volume of necessary investments in these four 

groups of the rejected projects is respectively USD 330, 459, 651, 
and 386 thousand. Since the volume of the need for investments 
in all rejected projects amounted to USD 2,492 thousand, the 
four reasons listed above, account for 73.3 % of the magnitude 
of these volumes. This almost corresponds to the case when the 
volume of project rejections was determined by their number.

Table	4	

Data	on	enterprises	and	the	projects	of	implementation	of	technologies	that	reduce	natural	gas	consumption,	for	which	the	
potential	of	loan	financing	was	assessed

Indicators
 Values of indicators for the types of economic activity

TotalManufacturing 
products from metal

Production of glass 
and glass products

Production of bricks, tiles, and 
other building materials from clay

1. Number of enterprises under consideration 27 21 25 73

2. Number of projects under consideration 33 27 34 94

3. Average number of projects per enterprise 1.22 1.29 1.36 1.29

4. Total amount of investments required for the 
implementation of all projects, USD thousand 1,664 1,287 1,346 4297

5. Average investment per project, USD thousand 50.42 47.67 39.59 45.71

Table	5

Input	data	and	results	of	calculation	of	the	absolute	magnitude	of	existing	potential	of	loan	financing	of	projects	of	
implementation	of	technologies	that	reduce	natural	gas	consumption	by	the	number	of	projects

Indicators

Values of indicators for the kinds of economic activity  

TotalManufacturing 
products from 

metal

Production of 
glass and glass 

products   

Production of bricks, tiles, and 
other building materials from 

clay

1. Number of projects under consideration 33 27 34 94

2. Including projects:  
2.1. With negative or zero average expected profitability

2 1 2 5

2. 2. With too low average expected profitability 3 2 2 7

2. 3. Implementation of which should be postponed for the 
future

1 0 1 2

2. 4. Loan financing of which is impractical to do in 
advance

0 0 0 0

2. 5. Those that cannot be financed through loans at the 
current level of financial stability of enterprises

4 3 3 10

2. 6.  Financing which at the expense of loan sources is not 
economically profitable for enterprises

3 4 5 12

2. 7. Loan financing of which will have a too negative 
impact on the financial stability of enterprises

3 2 4 9

2. 8. Loan financing of which will have a too negative 
impact on the volume of dividend payments

2 2 3 7

3. Total number of projects that are worthwhile imple-
menting through loan financing

15 13 14 42

Table	6

Output	data	and	results	of	calculation	of	the	absolute	magnitude	of	existing	potential	of	loan	financing	of	projects	for	
implementation	of	technologies	that	reduce	natural	gas	consumption	according	to	investment	volumes

Indicators
Values of indicators by the types of economic activity  

TotalManufacturing 
products from metal

Production of glass 
and glass products   

Production of bricks, tiles, and 
other building materials from clay

1 2 3 4 5
1. Total volume of investment required to imple-
ment all projects, thousand UAH

1,664 1,287 1,346 4,297

2. Including the volumes of investment in projects: 
2. 1. With negative and zero average expected 
profitability 

73 52 103 228

2. 2. With too low average expected profitability 119 124 87 330
2. 3. Implementation of which is advisable to post-
pone for the future

54 39 45 138

2. 4. Loan financing of which is not advisable to do 
in advance

0 0 0 0
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Thus, according to the data shown in Tables 5, 6, the abso-
lute magnitude of the potential of loan financing of projects of 
reducing natural gas consumption is 42 projects and USD 1,805 
thousand. As for the relative level of this potential, in the 
whole totality of enterprises it is: by the number of projects – 
0.447 (42/94); by volumes of financing – 0.420 (1805/4297). As 
for similar estimates in terms of the types of economic activity, 
the graphic interpretation of these estimates is shown in Fig. 4.

Fig. 4 shows that the relative level of the potential of loan 
financing of projects of reducing natural gas consumption at 

the enterprises under study differs slightly depending on the 
industry in which these enterprises operate. In particular, 
the enterprises that produce bricks, tiles, and other building 
materials made of clay have the lowest level. However, the 
differences in the values of the assessed indicator do not 
exceed 20 %.

Based on the data given in Tables 5, 6, it is possible, for 
instance, to calculate the values of indicators contained in 
the multiple models (1) and (2). The results of these calcula-
tions are shown in Table 7.

1 2 3 4 5
2. 5. Those that can not be financed by loans at the 
existing level of financial stability of enterprises  

243 109 107 459

2. 6. Financing of which from borrowed sources is 
not economically profitable for an enterprise   

133 275 243 651

2. 7. Loan financing of which will make too negative 
influence on the financial stability of enterprises  

176 74 136 386

2. 8. Loan financing of which will make too nega-
tive influence on volumes of dividend payments 

87 94 119 300

3. Total volume of required investment in the projects 
that are advisable to implement by loan financing  

779 520 506 1805

Continuation	of	Table	6
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Fig.	4.	Indicators	of	the	relative	level	of	the	potential	of	loan	financing	of	projects	of	reducing	natural	gas	consumption	at	the	
enterprises	under	study:	a	–	by	the	number	of	projects;	b –	in	terms	of	volumes	of	financing,	where	1	–	production	of	metal	
products;	2	–	production	of	glass	and	glass	products;	3	–	manufacture	of	bricks,	tiles	and	other	building	materials	from	clay

a

Table	7	

Values	of	indicators	contained	in	multiplicative	models	of	the	magnitude	of	the	relative	level	of	existing	potential	of	loan	
financing	of	projects	for	the	implementation	of	energy-saving	technologies	at	enterprises

Indicators

Values of indicators for the kinds of economic activity  

TotalManufacturing prod-
ucts from metal

Production of glass 
and glass products   

Production of bricks, 
tiles, and other build-

ing materials from clay

By 
number of 

projects

By volume 
of invest-

ment  

By 
number of 

projects  

By volume 
of invest-

ment  

By num-
ber of 

projects  

By volume 
of invest-

ment  

By num-
ber of 

projects  

By volume 
of invest-

ment  

1 2 3 4 5 6 7 8 9

1. Share of profitable projects among all projects 0.939 0.956 0.963 0.960 0.941 0.923 0.947 0.947

2. Share of projects with permissible average 
profitability among profitable projects

0.903 0.925 0.923 0.900 0.938 0.930 0.921 0.919

3. Share of projects, the implementation of 
which is not advisable to postpone, among 
projects with  permissible average profitability

0.964 0.963 1.000 0.965 0.967 0.961 0.976 0.963

4. Share of projects that may be appropriate 
to finance from borrowed sources, among 
projects, the implementation of which is not 
advisable to postpone

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
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As follows from the data shown in Table 7, among the 
calculated indicators for the entire totality of projects, the 
share of projects, financing of which from borrowed sources 
is economically beneficial for enterprises is the lowest. The 
value of this share by the number of projects is 0.829, and by 
the amount of financing is 0.793. If these values were equal 
to unity, the relative level of the potential of loan financing 
would be 0.539 (0.447/0.829) and 0.530 (0.420/0.793), 
respectively.

Using expression (25), it is possible to estimate the level 
of using the existing potential of loan financing of projects 
for the implementation of technologies for reducing natural 
gas consumption at the enterprises under study. The input 
and results of this level assessment are shown in Table 8.

As follows from the data in Table 8, the value of the 
indicator of assessment of the level of using the potential 
of loan financing of projects for the implementation of en-
ergy-saving technologies existing at the enterprises under 
study is on average 0.766. At the same time, the magnitude 
of this indicator by type of economic activity ranges from 
0.721 to 0.837. Thus, at least some of the enterprises under 
study did not fully use the potential of loan financing of 
projects for the implementation of energy-saving technol-
ogies. The reason for this is the lack of competence of the 
owners and managers of these enterprises in matters of loan 
financing of energy-saving projects.

Using models (26) to (32), it is possible to calculate 
the predicted increase in the potential of loan financing of 

energy-saving projects at the studied 
enterprises by reducing the loan in-
terest rate. A graphical image of the 
results of these calculations is shown 
in Fig. 5.

Comparison of the information 
given in Fig. 5 with the data of Ta-
ble 5 shows that at a fairly low loan 
interest rate, it becomes advisable 
to implement a number of previously 
rejected projects of reducing natu-
ral gas consumption. However, then 
this rate should be from 2 % to 4 % 
per year. That is why in order to in-
crease the scope of the introduction 
of technologies for reducing natural 
gas consumption, state authorities 
need to increase the availability of 
preferential lending programs for 
those enterprises that seek to re-
alize such implementation. At the 
same time, it is worth considering 
a decrease in the preferential credit 
interest rate to 2‒4 % for enterpris-
es that will implement the projects 
of saving the imported types of en-
ergy resources.

1 2 3 4 5 6 7 8 9

5. Share of projects, to finance which enterpris-
es are able to attract loans at the current level 
of their financial stability, among projects that 
may be appropriate to finance from loan sources

0.852 0.829 0.875 0.898 0.897 0.904 0.875 0.873

6. Share of projects, financing of which from 
loan sources is economically beneficial for 
enterprises, among projects, to finance which 
enterprises are able to attract loans at the 
existing level of their financial stability

0.870 0.887 0.810 0.714 0.808 0.758 0.829 0.793

7. Share of projects, loan financing will not 
have a too negative impact on changing the 
financial stability of enterprises, among proj-
ects, financing of which from loan sources is 
economically profitable for enterprises

0.850 0.831 0.882 0.892 0.810 0.821 0.845 0.845

8. Share of projects, financing of which by 
loans will not have a too negative impact on 
the volume of dividend payments of enterpris-
es, among projects financing of which by loans 
will not have a too negative impact on chang-
ing the financial stability of enterprises

0.882 0.900 0.867 0.847 0.824 0.810 0.857 0.857

Continuation	of	Table	7

Table	8	

Input	data	and	results	of	the	assessment	of	the	level	of	using	the	existing	potential	of	
loan	financing	of	the	projects	of	implementation	of	technologies	that	reduce	natural	

gas	consumption	at	the	enterprises	under	study

Indicators

Values of indicators for the kinds of 
economic activity  

TotalManu-
facturing 
products 

from metal

Production 
of glass 

and glass 
products   

Production of 
bricks, tiles, and 
other building 
materials from 

clay

1. The estimated absolute magnitude of 
potential of loan financing of projects for 
implementation of energy-saving technol-
ogies, USD thousand 

779 520 506 1,805

2. Actual amount of investments in 
projects financed by enterprises from 
borrowed sources, USD thousand 

562 435 386 1,483

3. Actual amount of investments in the 
projects, which were financed by loans, 
but this financing turned out to be im-
practical, USD thousand

0 0 0 0

4. Indicator of assessment of the level of 
using the existing enterprising potential 
of loan financing of projects for the imple-
mentation of energy-saving technologies 

0.721 0.837 0.763 0.766
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6. Discussion of the devised toolset to assess the 
potential of loan financing of projects for implementing 

energy-saving technologies

The conducted study showed that the process of assess-
ing the potential of loan financing of the projects for the 
implementation of energy-saving technologies is complex 
and multi-stage. At the same time, only a part of the input 
set of such projects may ultimately be recognized as suitable 
for loan financing. The obtained results are explained by the 
fact that there is a whole set of criteria that must be met for 
the energy-saving projects that can be implemented through 

a bank loan and other borrowed sources of financing. These 
criteria must be properly formalized and organized.

The obtained results of this study are a certain contribu-
tion to the overall developments that will facilitate solving 
the problem of assessing the potential of loan financing of 
projects for the implementation of energy-saving technol-
ogies. In particular, it became possible to provide a quan-
titative assessment of the absolute and relative potential of 
loan financing of projects for the implementation of ener-
gy-saving technologies. This opportunity emerged due to 
the formalization of the process of selection of those projects 
for the implementation of energy-saving technologies, which 
should be financed from borrowed sources of funds. In turn, 
the indicators of relative potential are presented in the form 
of multiplicative models. The use of these models makes it 
possible to identify and quantify the factors that have the 
most negative impact on the relative level of the potential 
of loan financing of projects for the implementation of ener-
gy-saving technologies.

Special attention in the research is paid to the forma-
tion of an information array to assess the potential of loan 
financing of projects of the implementation of energy-saving 
technologies. Based on the grouping of input information 
required for such evaluation shown in Table 3, the part of 
it that requires the use of special methods of formalization 
was separated. In particular, such methods include the 
construction of discrete and continuous functions of distri-
bution of probabilities of financial outcomes under projects 
of the implementation of energy-saving technologies, as well 
as the assessment of riskiness of these projects. To solve the 
last task, an essentially new indicator of project riskiness, 
which is calculated from formula (11), was developed. This 
indicator does not involve direct measurement of the level of 
dispersion of a random magnitude (financial results), that is, 
it is not identical to the coefficient of variation according to 
mean square deviation of a random magnitude. At the same 
time, this metric can gain the maximum value equal to unity, 
while the maximum value of the variable factor is generally 
not limited.

In accordance with the proposed sequence of the pro-
cess of selection of projects for the implementation of en-
ergy-saving technologies, which should be financed from 
borrowed sources of funds, the criteria for such selection 
were established. In modern scientific literature, in general, 
many criteria for assessing the effectiveness and feasibility of 
loan financing of projects were presented. However, in this 
study, these criteria are properly organized and formalized. 
In addition, some of them, specifically, criterion (19), are 
new and universal enough, that is, they can be used to solve 
various tasks of project analysis. The main idea then will be 
to capitalize on financial outcomes of projects at a risk-free 
rate, followed by a decrease in the received magnitude in 
proportion to the project risk level calculated according to 
formula (11).

Approbation of the obtained theoretical and method-
ological results for the sample of enterprises showed the pos-
sibility of the practical application of these results. Collected 
and processed data shown in Tables 4–8 and Fig. 4, 5 must 
be recognized as sufficiently reliable and objective. At the 
same time, the obtained empirical results, which are relative 
in nature, are quite close to each other in the types of studied 
economic activity. This concerns, in particular, the indicator 
of assessment of the level of using the existing potential of 
loan financing of projects for the implementation of ener-
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Fig.	5.	The	additional	number	of	projects	of	reducing	natural	
gas	consumption	(N)	that	could	be	implemented	by	the	

studied	enterprises	if	the	annual	loan	interest	rate	would	be	
Rc,	%:	a	–	for	enterprises	producing	metal	products;  

b	–	for	enterprises	producing	glass	and	glass	products;	
c –	for	enterprises	producing	brick,	tile	and	other	building	

materials	made	of	clay
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gy-saving technologies. The value of this indicator according 
to the type of economic activity ranges from 0.721 to 0.837. 
Thus, at least some of the enterprises under study did not 
fully use the potential of loan financing of projects for the 
implementation of energy-saving technologies.

Thus, the obtained theoretical and methodological re-
sults can be applied by enterprises of all types of economic 
activity in assessing the value of the potential of loan financ-
ing of energy-saving projects. In addition, these results can 
be used by state and local governments in the development of 
preferential lending programs for the realization of projects 
for the implementation of energy-saving technologies by 
enterprises.

At the same time, certain limitations are inherent in this 
study. In particular, only the case of full financing of ener-
gy-saving projects at the expense of loans was considered. 
However, it is possible that borrowed funds occupy only a 
certain share of the structure of project funding sources. The 
case when the loan interest rate and other lending conditions 
are known in advance was also considered. At the same time, 
it is possible that enterprises have the opportunity to choose 
creditors, taking into consideration the loan conditions of-
fered by each of them.

In addition, certain shortcomings of the performed 
studies in this research are that the influence of factors on 
the magnitude of the potential of loan financing of projects 
for the implementation of energy-saving technologies was 
partially analyzed. In other words, the level of formalization 
and approbation of the model, which is presented in Fig. 2, 
is not high enough. In fact, among the impact factors, such 
formalization is performed only for the loan interest rate.

Formalization of the influence of the factors on the mag-
nitude of the potential of loan financing of projects for the 
implementation of energy-saving technologies and approba-
tion of the results of such formalization should be considered 
as promising areas for subsequent research on the topic of 
this work. However, there may be difficulties with collecting 
empirical data along the way, as information on some of these 
factors is difficult to obtain from open data sources.

7. Conclusion

1. Assessment of the potential of loan financing of proj-
ects for the implementation of energy-saving technologies 
requires, first of all, data on such projects. In the future, the 
projects that should be financed by bank loans and other 
types of loan sources of funds should be chosen among such 
projects. However, it is quite a complicated problem to select 
the projects that should be financed through loans in the in-
put array of information about the projects of implementing 
energy-saving technologies. The solution to this problem 
requires the implementation of the multi-step process pro-
posed in the research, which involves the implementation of 
actions to reject projects that do not meet the sequence of 
predefined criteria. At the same time, it is important not only 
to assess the potential of loan financing of projects for the 
implementation of energy-saving technologies but also to es-
tablish reserves for the growth of this potential. The solution 
to this problem will be facilitated by the use of multiplicative 
models of the relative level of the estimated potential. In 
addition, for this purpose, it is worth applying the proposed 
model of the influence of factors on the relative level of the 

potential of loan financing of projects for the implementation 
of energy-saving technologies.

2. Assessment of the potential of loan financing of projects 
of implementation of energy-saving technologies at enterpris-
es requires a wide array of incoming (primary) information. 
This information can be divided into several units. In particu-
lar, it is worth highlighting information about the energy-sav-
ing project, expected financial outcomes of an enterprise after 
the project implementation, lending conditions, preferences of 
owners and managers, as well as other information. One of the 
main components of input information necessary to assess the 
potential of loan financing of projects for the implementation 
of energy-saving technologies is the functions of distribution 
of probabilities of financial outcomes. It is necessary to sep-
arate two main types of such functions – those describing 
financial outcomes of a project and those describing financial 
outcomes of an enterprise after the project implementation. 
The methods for representing the functions of distribution of 
probabilities of financial outcomes (in particular, by approxi-
mating the graphs of these functions with broken lines), pro-
posed in the research, can significantly facilitate the process 
of their construction. It is also important to assess the degree 
of compliance with the proper ratio of the expected profitabil-
ity of investment in an energy-saving project, which is sup-
posed to be financed by loans, to the rate of the loan interest 
rate. To this end, it is worth using the project risk indicator 
proposed in the work.

3. In general, eight sequential criteria for the selection 
of the projects of the implementation of energy-saving tech-
nologies at enterprises that should be loan financed should be 
identified. Some of these criteria characterize only a project 
itself (in particular, the proper level of its profitability), while 
others also take into consideration the financial and eco-
nomic state of the enterprise planning a project. At the same 
time, the proposed criteria can be used to assess not only the 
existing but also the prospective potential of loan financing 
of energy-saving projects. However, the assessment of per-
spective potential requires forecasting the changes in factors 
that affect the attractiveness of loan sources for enterprises 
to finance projects for the implementation of energy-saving 
technologies.

4. The absolute magnitude of the potential of loan financ-
ing of projects of the introduction of technologies for reducing 
natural gas consumption at the studied enterprises is 42 proj-
ects and USD 1,805 thousand. As for the relative level of 
this potential, in the whole totality of enterprises it is: by the 
number of projects – 0.447; by volumes of financing – 0.420. 
It is possible to mention three main reasons that caused the 
inappropriateness of loan financing of some projects for the 
implementation of technologies that reduce the consumption 
of natural gas at the enterprises under study. These reasons 
are the inadequate level of financial stability of enterprises (as 
a result of this, 10 projects were rejected), low credit effective-
ness (12 projects were rejected), and its negative influence on 
the financial stability of enterprises (9 projects were rejected). 
In addition, 7 projects were not profitable enough to be im-
plemented in general. Since the number of projects to reduce 
natural gas consumption at the studied enterprises, the im-
plementation of which turned out to be impractical is 52, the 
four reasons listed explain 73 % of the rejections. However, 
at a fairly low credit interest rate, it becomes advisable to im-
plement a number of previously rejected projects for reducing 
natural gas consumption. However, for this purpose, this rate 
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should be from 2 % to 4 % per year. That is why in order to in-
crease the scale of the introduction of technologies that reduce 
natural gas consumption, state authorities should increase the 
availability of preferential lending programs for enterprises 

seeking to realize such implementation. At the same time, it 
is worth considering reducing the preferential credit interest 
rate to 2‒4 % for enterprises that will implement projects of 
saving the imported types of energy resources.
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