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Abstract. The paper shows the aspects of introducing energy-efficient equipment for engineering
systems within the context of productivity enhancement in general. The author as research relevance
brings a thesis that each of production members reach after implementing possibility for increasing
general effectiveness of business operation. The paper reveals the issues of factor and expert
assessments for introducing innovations at the enterprise and economic evaluation of the place of
energy-efficient technologies in the general medium of production enterprise modernization. The
novelty of the study is an aspect that under conditions of energy products’ cost increase and
significant energy intensity of present-day production, the issue of energy conservation and choice
of priorities of investment into the project of energy efficiency increase at enterprises is a major
concern. Reduction of production cost is one of the most important ways of effective competition
and increasing of productiveness of an enterprise in the modern conditions. The authors offer to
evaluate the process of energy conservation in a complex way, taking into account all investment
consequences: economic, technical, ecological, organizational, commercial, and others. The
prospect areas of research: cost-to-use analysis from the introduction of personally developed
systems of energy conservation.
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1. Introduction

The analysis of effectiveness of energy-conservative measures for the choice of the best measure.
This is due to the fact that energy-conservative measures require investments, notably, as a rule,
significant. Besides, the effectiveness of energy-conservative measures is evaluated by a number of
financial indicators of enterprise’s operation, in particular, net cost. Thus, the selection of energy-
conservative means at increasing enterprise’s energy efficiency is a multiple-option task requiring
efficient criteria of evaluation.

Due to the fact that modern production enterprise is resource-constrained, a need for modeling
investment consequences and detailed substantiation of each selection criteria appears. It should be
also noted that energy efficiency is predominantly defined in the technology itself and in the
opportunity to invest in the processes of energy consumption. Therefore, in order to demonstrate the
economic efficiency of energy conservation measure we define those factors, which trace its roots
from conservation systems, i.e. enhancement of efficiency in the energy context of engineering
services and facilities. In this regard we’ll speak of engineering systems used both in the process of
enterprise operation and in the structure of technological process functioning.

Among main factors, preventing the introduction of advanced technologies at enterprise,
according to authors’ data and earlier researches [1], in which the majority of respondents answered
(Figure 1):
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e limited financing (44,2 %);

e lack of research and technology support (4,2 %),

e unskilled staff (3,4 %),

e organizational and legal problems (5,2 %)

o failure of managers to adopt new technologies (4,9 %);
e other problems made up 38,1 %.

Figure 1

For today, only about 12% of production enterprises practice innovations regarding the
introduction of new technological processes in production, and the share of introduced resource
saving technologies in the total volume of innovative solutions doesn’t exceed 38% (Figure 2).

Figure 2

Modern literary sources allow choosing the necessary methods of economic efficiency
calculation, but they don’t cover all assessment criteria to carry out the analysis. The issue of the
evaluation of economic, organizational production technical and environmental criteria in general,
alternative comparison of investment in other capital investment projects is not adequately
investigated [3, 4].

That’s why the selection criteria of capital investment projects of energy saving and
enhancement of methodology of determination of energy-conservative measure efficiency invite
further investigations. According to the author, the totality of selection criteria of energy saving
measures should be classified as follows: economic, technical, production, ecological, and
organizational.

The economic criterion is the first priority step in comparison. Initial investment, financial
results of the project and operating costs for implementation of this project over a certain period of
time (credit and share deductions, taxes) are initial data, which characterize the investment process.
The forecasting of financial results is usually made focusing on three basic scenarios: optimistic,
realistic, and pessimistic. Optimistic scenario will be defined with maximum sales profit, pessimistic
— with minimum.

The classification of economic criteria is carried out as follows [5]. By time factor: static, in
which cash flows emerging in different periods of time are classified as equivalent, and dynamic —
cash flows for their comparison by the use of discounting or accumulation [6]. The absolute value of
profit gained from investment process is assessed in absolute factors; in relative factors it is
characterized by the ratio of financial results from their sales in the aggregate cost of goods sold;
temporal — are brought to a certain period of time. By the type of generalizing indicator — absolute,
relative and temporal.

2. Literature review

The development of enterprise, its efficient current functioning and meeting of major, long-term
goals should be carried out based on an organizational-economic mechanism, which is designed to
manage financial, labor, energy and other resources for the purpose of the maximum use of detected
potentials [7]. The research of economic processes of energy conservation potential implementation
at enterprise allows increasing the profitability of enterprise’s functioning, anchoring it in the area of
functioning market, reducing financial and operating risks. Country’s economy grows
simultaneously with the economic development of a separate enterprise [8]. A need for defining the
essence of the organizational-economic mechanism of energy saving of production enterprises,
substantiation of stages, criteria and principles of its formation appears.



The essence of the “mechanism” notion is involved into the economic science from mechanics,
where “mechanism” is understood as a system for transformation or transmission of motion between
bodies [9]. The “economic mechanism” term obtained a wide circulation in the Soviet period, the
base of which government property and planned economy were. The “organizational-economic
mechanism” term can be often met in scientific literature. Recently, scientists have paid a lot of
attention to the organizational-economic mechanism of energy conservation and increase of
enterprise’s energy efficiency, its technological processes. Turkenburg and Blok [10] considers that
organizational-economic mechanism — is an aggregate of forms, methods and management tools.
According to Kamusi¢ [11], Zhou and Zhang [12] organizational-economic mechanism of energy
conservation — is an aggregate of measures, which provide the maximum use of energy potential at
minimum energy unit costs per output unit production. Krones [13] considers that organizational-
economic mechanism of energy conservation at enterprise is a totality of organizational and
economic levers (each of them has its own forms of management impact), which have an impact on
economic and organizational parameters of enterprise, which contributes to the formation of
strengthening of energy potential, obtaining competitive advantage and enterprise’s operating
efficiency in general. According to Klaue and Veitinger [14], organizational-economic mechanism
of energy conservation is a system of interrelated economic and organizational elements focused on
activization of economical expenditure of energy reserves, introduction of energy-conservative
measures taking into account innovation achievements in the area, both technological and product.
Spencer [15] considers that the structure of energy conservation mechanism provides legal,
organizational-management, economic, and engineering aspect, the interaction of which should have
a positive economic results [16, 17].

Organizational-economic mechanism of energy conservation should involve the following
components [18]:

e management principles and tasks;

e management methods, forms and tools;

e organizational structure of enterprise’s management and its staff, information and
processing means.

According to the author, organizational-economic mechanism of energy conservation of
production enterprise — is a totality of economic, organizational, motivational methods and means
focused on economically feasible detecting and the maximum use of energy saving potential for the
purpose of minimization of unit costs per product and the decrease of ecological load on the
environment.

The implementation of the mechanism at enterprise should be carefully proved and estimated.
Results from the introduction of organizational-economic solutions are preliminary obtained by
means of mathematical simulation with regard to an aggregate of main factors of influence on the
process. The growth of cost and shortage of energy resources additionally toughen the requirements
to scientific rationale of the main principles of implementation of production enterprise energy
conservation potential. The main attention should be divided into strategic management
technologies, enterprise’s technical-and-economic characteristics and its units, the methods of
energy potential research and energy conservation potential and their implementation.

The main disadvantage of modern organizational-economic mechanisms in the area of assets
management is their insufficient specifity and formal approach, just summing up of different offers
without their unification into an integral mechanism [19], that’s why it’s necessary except the
formation of the aggregate of the solutions of technical, organizational, economic, ecological,
production area to develop efficient areas of monitoring and response to the results of its
introduction for efficient implementation of the mechanism [20].



According to Hu at al. [21], ascendant basic framework and conceptual basics of such tools to
support efficient management solutions in the management of the potential of the economic systems
of the national economy should be nevertheless stated with the priorities of current profitability of
deployed resources to provide investment attractiveness of economic subjects, that’s why the use in
organizational-economic mechanisms of energy conservation of industrial enterprises of economic
math modeling is an indispensable condition for investing activities’ efficiency within offered
solutions.

3. Methodology

The implementation of offered concepts related to the formation of the system of energy
conservation at production enterprises requires economic math modeling based on the data obtained
as a result of economic-energy inspection of a production enterprise. In accordance with the
standards by the procedure of energy inspection organization [22], energy auditor shall:

e keep the information secret, which became available to him due to energy inspection;

e not disclose information related to commercial secret, which became available to him due
to energy inspection;

¢ obligation of confidentiality in relation to specific energy inspections, which also extend to
people, who knew this confidentiality due to discharge of their duties (including experts, performing
inspection of materials provided by a specialized organization).

The inspection was carried out in accordance with the structural-logical scheme of economic-
energy inspection of production enterprise. A group of experts from leading specialists of
corresponding units and chief engineer was formed at the enterprise [23]. The first stage of research
is an analysis of financial circumstances, definition of financial soundness, liquidity, and
profitability of activity. The goal of economic-energy inspection is not complete financial analysis
of the enterprise but determine main key indicators for formation of the general picture of financial-
economic condition of the enterprise.

The enterprise’s opportunity to implement energy saving measures can be assessed by the
calculated financial stability of the enterprise: absolute and normal financial stability allows drawing
a conclusion about enterprise’s capacity to cover expenses for energy saving measures introduction
with shareholders' equity or called-up capital. Enterprise’s unstable financial situation requires
detailed substantiation of the opportunity to invest in energy conservation. The crisis condition
indicates failure of individual financing of measure.

The issue of substantiation of investment capital structure is incurred on enterprise’s
management and specialists of energy auditing group, who, basing on the financial audits’ results,
economic energy inspection, determine the optimal balance of means and maximum amount of
financing. The calculation of annual expenditure of means for inflation development cover and
exposure fee to investors when using attracted funds is carried out in parallel. Annual fixed charges
for loan interest cover are also determined.

The critical value of the balance of own funds, attracted funds, stock and investment capital
for financing energy conservation measures are (generalized by the author):

WC+LO<ST+ 1l <WC+ LO +SO 1)

where WC — enterprise’s working capital; LO, SO — long-term and short-term obligations; ST
— stock; Il — investment in energy conservation measures.

In case of the balance of enterprise’s assets, which is described by inequality (1), a situation is
in place when attraction of credit facilities is necessary to finance energy conservation measures. For



today, it’s problematic to acquire long-term credits for enterprises, that’s why the main stake is
placed on short-term loans.

However, enterprise’s situation when the cost of stock and investment capital is lower than
own funds or own funds and long-term obligations:

ST+1l,<WC+LO @)
ST+I1l.<WC 3)

IS more preferable from the enterprise’s economic security’s point. Then the enterprise can
provide investing of energy conservation projects on its own.

Formula (1) is a critical condition of energy conservation measures’ implementation, I.e.
balance when enterprise’s stocks and investments in energy conservation measures are higher than
enterprise’s working capital and long-term obligations. That said, providing the additional attraction
of short-term credits and loans, the sum of stocks and investment shouldn’t exceed the sum of
working capital, long-term and short-tem obligations.

4. Results and discussions

Along with this, the enterprise’s financial situation, which meets inequalities (2)-(3) conditions, is
more acceptable from the point of enterprise’s economic security. This is explained by the fact that
providing the meeting of the conditions of these inequalities the enterprise will have the opportunity
to carry out financing of both daily operations and activities related to energy-conservative measures
on its own.

Tables 1-3 below summarize main financial indicators of enterprise’s activity, which are
recommended to use during economic energy inspection.

Table 1

Three-component exponent allows evaluating the type of enterprise’s financial stability and
drawing conclusions on the opportunity to finance energy conserving measures. The author also
recommends determining the value of financial stability coefficient, which allows assessing the type
of enterprise’s financial stability and drawing conclusions on the opportunity to finance energy
conserving measures and financial risk coefficient, which is designed to analyze the opportunity to
attract debt capital for financing energy-conservative measures.

Besides financial stability, the condition of liquidity and profitability of enterprise’s activity is
of interest. Indicators characterizing the enterprise’s liquidity and which are expedient to use for
financial analysis at economic energy inspection are given in Table 2.

Table 2

Cover ratio, quick ratio and absolute liquidity ratio belong to such indicators — they
characterize enterprise’s paying capacity at the expense of attraction of resources in settlements or
absolute floating assets, in particular, in regard to financing energy conservative measures.

Enterprise’s profitability allows evaluating the opportunity to use own funds for energy
conservation investment, as well as distribution of specific incomes by different types of enterprise’s
activity. The main indicators of profitability, which are recommended to use for enterprise’s
financial analysis during economic-energy inspection, are as follows: operational activities
profitability, economic activity profitability, assets profitability, shareholders' equity profitability,
called-up capital profitability (Table 3).

Table 3

First two indicators characterize profit from 1 rouble of operating and general costs,
components of which are energy products. The more profit from operating and general costs, the



less energy products’ cost influence, and, correspondingly, measures of energy conservation for the
enterprise.

The profitability of shareholders' equity and called-up capital characterizes the potential
opportunities enterprise’s management to efficiently use shareholders' equity and called-up capital,
and specialists, who carry out energy inspection — evaluate the expediency of the usage of called-up
capital at investing energy saving projects. Although the question of investment capital structure
doesn’t directly belong to the competence and tasks of energy managers, the estimation of
confidence and correctness of chosen resources of financing is their obligation [24, 25].

When using investment schemes based on the use of attracted funds, the efficiency of
solutions by enterprise’s credit policy is the base of general success of all scheme of financing. The
analysis of enterprises’ financial indicators shows that their majority is in critical or precritical
condition, that’s why implementation of measures regarding energy conservation increase is
necessary and well-timed (Table 4).

However, the enterprises’ critical financial condition compels to the search for efficient
measures of energy conservation, which would provide possibility to make most profit (saving
resources, energy products and means) with minimum capital investment. After the evaluation of the
enterprise’s ability to finance energy saving measures, the management defines the structure and
value of investment capital. The schemes of financing of energy saving measures are also
determined and modeling to determine the priority for introduction of a set of energy conservation
measures is carried out.

Table 4

Investment capital in the amount of 2 min roubles, composing of 1 mIn own funds and 1 min
attracted credit funds at 23 % per year, is taken for each enterprise for the purpose of equivalence of
carrying out of accounting results analysis.

By the results of economic-energy inspection ten technical energy-conservative measures
requiring investment were offered to be introduced at researched seven enterprises:

e Increasing resistance of thermal insulation of envelope building (heating-up) of workshop
premises and administration building [26].
e Heating-up of pipe-lines of enterprise’s heat supply system.
Installation of wasteheat exchangers in ventilation system.
Replacement of boiler equipment in boiler-room.
Disposal of warmth of boiler-room furnace gases.
Replacement of processing facilities engines to less powerful ones.
Replacement of illumination device to energy-conservative ones.
Replacement of compressor equipment and air pipes of process air supply system.
Replacement of windows to energy-conservative ones.
Installation of air sheets on the gate.
Each of mentioned measures can be introduced at all or individual business units [27]. For
each business unit of specified enterprise necessary investments are determined to implement a
measure of energy conservation. The value of annual saving of resources is calculated for each from
chosen measures.
The first and second options of calculation are given in Tables 5 and 6. The first and second
options of calculation are given for Workshop No. 1 of machine builder for measures No. 1-10.

Tables 5, 6

Own tariffs for energy products and tax treatment should be taken into account for each
enterprise. Other economic effects indirectly related to energy resource saving can be taken into



account at calculations. The value of emission cuts can be determined analytically — by means of
corresponding ecological calculations and practically — as a result of measurements by gas sensor of
concentration of corresponding gases. As a result of calculations a summary table is compiled for
each enterprise. The option for the first enterprise is given in Table 7.

Table 7

Annual saving of means due to possible implementation of energy saving measure and
necessary investment means to implement this measure at given unit are entered into the summary
table by each measure for each unit.

The priority totality of energy saving measures for each enterprise providing investment
resource limit at 2 min. roubles is chosen by the method of dynamical programming by means of
blind search of elements from Table 7. For the purpose of distribution of energy-conservative factors
in accordance with the value of investment attractiveness based on the calculation results in
accordance with the totality of above-mentioned economic, technical and exploitation criteria, the
next step is modeling of the second stage — in the fuzzy model of intellectual decision support.

For the first option of calculation (Figure 3) the maximum annual saving will make up 5,730
min. roub. under the terms of 2 min. roub. investment. The need for gradation of energy saving
measures determined based on the first stage of modeling energy saving measures by investment
attractiveness appears the second stage. Energy auditing group calculates the value of necessary
investment for implementation of each measure basing on the average prices of materials and cost of
work in a certain region.

Figure 3

In Table 7 cells with the numbers of priority measures to implement according to the first
stage of calculation are marked. To switch to the next step a need for calculating complete economic
effect (CEE) for each of priority measures appears. The life term of all measures is different, that’s
why periods of investing at calculating CEE is different for each measure. We distinguish three
periods: short-term, middle-term and long-term.

In CEE calculations it’s accepted that the share of reinvested profit makes up 30%, earning
power of reinvestment 15% per year. The cost of the project for first measure is zero, since the
repeated use of mounted thermal insulation is almost impossible. For all other measures the use of
installed materials and equipment appears possible in any year of project consideration, that’s why
the cost of the project is calculating based on the cost of initial investment and value of moral and
physical deterioration.

The calculation of complete economic effect for measure No.6 is given in Table 8, and the
option of calculation fuel and energy resources (FER) for measure No.1 — in Table 9. In the column
“payment to investor” annual fixed amount is given, which is paid to investor as interest by the
credit. According to credit conditions, enterprises are given funds in the amount of 1 million roubles
at 23% per year. Each investment capital correspondingly consists of own funds and borrowed funds
in the ratio 50/50. According to Figure 3 the optimal value of resulting function (cost cutting) makes
up 5730 thous. roubles, optimal projects for implementation at corresponding business units 1-6-3-
3-1-5-1.

Tables 8, 9

The general investment resource, which is necessary to spend on the implementation of
specified measures doesn’t exceed the chosen value at 2 min. roubles. Thus, the first stage of
calculation can be considered successful.

Let’s consider the comparison of results of calculation of economic effect from the
implementation of energy saving measures using different methods. The first method — the



calculation of complete economic effect offered by the author, CEE made up 1,560 min. roubles
over 10 years; the second — traditional based on discounting. In accordance with initial conditions of
modeling let’s determine net present value of such measure with reinvesting and exclusively of
reinvestment. The calculated coefficient of discounting is r = 0,115. The results of comparison of
calculation results using different methods are graphically given in Fig.4. The calculation is carried
out for the period of project life term — 10 years. As it seen from Fig.4 when comparing short-term
and middle-term periods of implementing energy saving measure, results of calculation NPV with
reinvesting and CEE are almost the same.

Figure 4

The significant difference is observed at long-term periods of project life. In this case
discrepancy between results is significant. Pay-off period in all calculation options is about 4,5 years.
Such significant discrepancy in long-term period is explained by fast depreciation of obtained
financial results at discounting cash flows. Despite the trifling value of project as compared to
economic effects obtained from the introduction of measure, the curve of CEE including project cost
and CEE exclusive of project cost almost coincide.

Thus, a conclusion can be drawn on the better integrity and adequacy of reflection of
economic effects of introduction of energy saving measures using the method of complete economic
effect. The analysis of expert information in the mathematical model based on the theory of fuzzy
logic and linguistic variable allowed determining the values of the indicator of investment
attractiveness of each of chosen energy saving measures. The option of determining X parameter -
economic factors are given in Table 10. L parameter value is given in Table 11.

Tables 10, 11

The analysis of calculated totality of priority measures at enterprises where economic energy
inspection was carried out allowed forming a number of priority measures of energy saving in the
technical field (Figure 5):

e Increasing resistance of thermal insulation of envelope building (heating-up) of workshop
premises and administration building.

e Heating-up of pipe-lines of enterprise’s heat supply system;

Installation of wasteheat exchangers in ventilation system;

Replacement of boiler equipment in boiler-room;

Disposal of warmth of boiler-room furnace gases;

Replacement of processing facilities engines to less powerful ones;

Replacement of illumination device to energy-conservative ones;

Replacement of compressor equipment and air pipes of process air supply system;
Replacement of windows to energy-conservative ones;

Installation of air sheets on the gate.

Figure 5

The decrease in the consumption of energy resources, the improvement of ecological situation,
the decrease in fixed costs of production enterprise and, as a consequence, higher profitability can be
achieved by the introduction of energy-saving measures. Investment in energy-conservation is
profitable for enterprises, because the issues of ecology, improvement of inner microclimate,
decrease in social tension, etc. are being solved simultaneously with earning power growth. The
implementation of energy-saving measures requires enterprise’s management interest, staff
motivation, the presence of skilled staff, financial possibilities, and other factors.



The introduction of energy-saving measures at production enterprise should be carried out
involving the majority of workers, because the efforts of management may come to nought without
staff support. The main instrument of general public attraction to the policy of energy conservation
is staff motivation using different approaches and theories.

5. Conclusions

The analysis of the space of priority measures of energy conservation indicates the decisive
superiority of thermo modernization of buildings and facilities, as well as a set of other measures,
which can be unified under the general title “The use of the potential of enterprise’s secondary
energy reserves”.

The introduction of efficient scheme of energy saving measures within the framework of
organizational-economic mechanism of energy conservation at production enterprises should be
accompanied by a complex of actions focused on the diversification of power supply sources, switch
to complex power supply with a combination of traditional and alternative sources or complete
switch to alternative sources. Attention should be also paid to the questions of the use of the
potential of secondary power resources and their practical use at enterprise, enterprise’s staff
motivation to energy conservation.
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Table 1. Indicators, characterizing financial stability and which are reasonable to use for enterprise’s
financial analysis at economic-energy inspection.

Indicator

Economic content and calculation formula

Assignment in economic energy
inspection

Own circulating assets
OCA

Working capital WK

General funds GF

Three-component
exponent S

Equity to Total Assets
coefficient K,

Financial risk coefficient
Kfr

A difference between shareholders' equity and

enterprise’s non-current assets

Enterprise’s shareholders' equity, increased by

the value of long-term liability

Enterprise’s working capital, increased by the

value of short- term bank credits

Allows evaluating the type of enterprise’s

financial stability:

Characterizes shareholders' equity
concentration
Characterizes debt to equity ratio

Allows estimating the enterprise’s
capacity to finance energy conservation
measures without raising debt

The same but with attraction of long-
term loan obligations

The same but with attraction of long-
term and short-term loan obligations

Allows evaluating the type of
enterprise’s financial stability and
drawing conclusions on the opportunity
to finance energy conserving measures

Allows drawing conclusions on the
opportunity to attract debt capital for
financing energy-conservative
measures

Table 2. Indicators characterizing the enterprise’s liquidity and which are expedient to use for financial
analysis at economic energy inspection.

Indicator

Economic content and calculation
formula

Assignment in economic energy inspection

Coverage coefficient
Kp

Quick ratio Klsh

Absolute liquidity
ratio Klabs

characterizes the ratio of working assets
to current liabilities

characterizes the ratio of resources in
settlements of current liabilities

characterizes the enterprise’s ability to
settle accounts by current liabilities with
absolute floating assets

Characterizes the enterprise’s paying capacity at
the expense of attraction of resources in
settlements in regard to financing energy
conservative measures

Table 3. The main indicators of profitability, which are expedient to use for enterprise’s financial analysis
during economic-energy inspection.

Indicator

Economic content and calculation formula

Assignment in economic-
energy inspection

Operational activities
profitability, %

Economic activity
profitability, %

Assets profitability, %

Ro=FRODC+AV+VZ+10B%x100%

Rgosp=CHPC+AV+VZ+0IB+VF+VK+IV+VNDx100%

Ra=FRZDopAx100%

Characterizes profit from 1
rouble of operating costs,
costs for energy products
also belong to

Characterizes profit from 1
rouble of general expenses,
costs for energy products
also belong to

Characterizes profit margin
per 1 rouble of enterprise’s
assets




Shareholders' equity Rvk=CHPVKx100% Characterizes profit margin

profitability, % (loss) per 1 rouble of
shareholders' equity

Called-up capital Rzk=CHPZKx100% Characterizes profit margin

profitability, % (loss) per 1 rouble of

called-up capital

Table 4. Results of the analysis of financial condition of machine builder within the framework of economic-
energy inspection.

Year  Indicator Enterprise 1 Enterprise 2  Enterprise 3 Enterprise 4 Enterprise 5
2013 1,29 0,70 4,44 2,38 3,42
2014 1,38 0,31 4,53 2,86 2,74
2015 Cover ratio 2,04 0,34 3,60 2,25 1,99
2016 1,71 0,41 2,80 3,25 2,08
2017 2,10 0,21 3,98 2,07 1,74
2013 0,82 0,14 1,05 2,03 0,90
2014 0,78 0,07 0,92 2,50 0,88
2015 Quick ratio 1,41 0,10 0,73 1,93 0,69
2016 0,75 0,12 0,48 2,90 0,62
2017 1,16 0,09 1,14 1,79 0,57
2013 0,21 0,002 0,31 0,40 0,01
2014 Absolute 0,10 0,001 0,03 0,48 0,00
2015 llauidityratio 0,24 0,005 0,01 0,34 0,04
2016 0,04 0,002 0,01 0,49 0,00
2017 0,12 0,002 0,07 0,25 0,00
2013 Operational 6,51 1,61 4,21 1,77 1,43
2014 pfg;iit";gﬁisty 7,63 9,85 2,79 2,95 26,97
2015 13,31 1,34 3,62 2,75 -13,01
2016 14,64 -8,96 341 3,53 6,02
2017 5,69 -24,49 3,57 2,98 -10,30
2013 0,84 0,36 2,57 0,52 0,85
2014 Return on 3,89 -10,65 1,12 1,44 -25,67
2015 eaf:‘t’m{:gg 9,61 0,97 1,74 1,33 11,67
2016 3,37 -9,54 1,46 1,11 6,07
2017 0,89 -24,47 1,84 0,92 -11,44
2013 1,50 0,51 4,46 7,95 0,61
2014 7,91 -6,86 1,87 38,22 -12,73
2015 Return on assets 20,23 1,11 3,27 30,01 -10,61
2016 5,82 -9,26 2,65 24,79 5,38

2017 1,61 -36,63 4,00 14,64 -6,79




2013 2,53 5,08 5,27 12,89 0,73
2014 Return on 12,39 151,03 2,22 56,99 15,81
2015 Shagb‘;{)‘jers' 28,21 28,15 4,13 48,48 14,47
2016 9,42 168,39 3,70 34,41 7,42
2017 2,25 82,51 4,98 23,80 -10,06
2013 3,68 0,56 29,13 20,75 3,67
2014 Return on called- 21,85 7,19 11,86 116,00 65,22
2015 up capital 71,60 1,16 15,69 78,80 -39,80
2016 15,26 8,78 9,35 88,66 19,63
2017 5,66 25,37 20,32 38,03 -20,92
2013 0,59 0,10 0,85 0,62 0,83
2014 Equity to total 0,64 0,05 0,84 0,67 0,80
2015 assets 0,72 0,04 0,79 0,62 0,73
2016 0,62 -0,06 0,72 0,72 0,73
2017 0,72 0,44 0,80 0,62 0,68
2013 0,69 9,04 0,18 0,62 0,20
2014 Financial risk 0,57 21,01 0,19 0,49 0,24
2015 coefficient 0,39 24,29 0,26 0,62 0,36
2016 0,62 19,18 0,40 0,39 0,38
2017 0,40 3,25 0,25 0,63 0,48
2013 Own circulating 5382,00 ~2169,00 21208,00 534,80 5808,00
2014 assets 7219,00 -4287,00 23053,00 1327,00 4422,00
2015 21734,00 -3919,00 24938,00 2168,90 3304,00
2016 26479,00 -3992,00 2882,00 -30636,12 4048,00
2017 26114,00 -5157,00 5880,00 -29810,80 3183,00
2013 Return on 5592,00 ~1850,00 21221,00 534,80 5808,00
2014 Sha;m:;ersl 7428,00 -4056,00 23053,00 1327,00 4422,00
2015 21947,00 -3694,00 24938,00 2168,90 3304,00
2016 26688,00 -3784,00 2882,00 -30636,12 4048,00
2017 26114,00 -4930,00 5880,00 -29810,80 3183,00
2013 Attracted funds 5592,00 ~1850,00 21721,00 534,80 5808,00
2014 12610,00 -4056,00 26613,00 1327,00 4422,00
2015 24290,00 -3694,00 28442,00 2168,90 3304,00
2016 45607,00 -3784,00 7882,00 -30636,12 4048,00
2017 34140,00 -4930,00 5890,00 -29810,80 3233,00
2013 Stocks 8985,00 3509,00 20910,00 137,50 6058,00
2014 11661,00 1379,00 23575,00 260,50 4727,00
2015 13303,00 1323,00 27557,00 566,40 4332,00




2016 36098,00 1903,00 34131,00 506,67 5470,00
2017 22383,00 723,00 27250,00 594,97 5021,00
2013 +/- own working -3603,00 -5678,00 298,00 397,30 -250,00
2014 Cap]f;?'r:;{i;oc" -4442,00 -5666,00 -522,00 1066,50 -305,00
2015 8431,00 -5242,00 -2619,00 1602,50 -1028,00
2016 -9619,00 -5895,00 -31249,00 -31142,79 -1422,00
2017 3731,00 -5880,00 -21370,00 -30405,78 -1838,00
2013 +/- working -3393,00 -5359,00 311,00 397,30 -250,00
2014 Cap}f;?ggtris;“k -4233,00 -5435,00 -522,00 1066,50 -305,00
2015 8644,00 -5017,00 -2619,00 1602,50 -1028,00
2016 -9410,00 -5687,00 -31249,00 -31142,79 -1422,00
2017 3731,00 -5653,00 -21370,00 -30405,78 -1838,00
2013 +/- general funds -3393,00 -5359,00 811,00 397,30 -250,00
2014 fgc’rrrs;i’foﬁ 949,00 -5435,00 3038,00 1066,50 -305,00
2015 10987,00 -5017,00 885,00 1602,50 -1028,00
2016 9509,00 -5687,00 -26249,00 -31142,79 -1422,00
2017 11757,00 -5653,00 -21360,00 -30405,78 -1788,00
2013 critical critical absolute absolute critical

2014 Three- Pre critical critical Pre critical absolute critical

2015 cg)g;;?]r;enrt]t absolute critical Pre critical absolute critical

2016 Pre critical critical critical Pre critical critical

2017 normal critical critical Pre critical critical

Table 5. The first option of calculation of annual cost cutting due to energy-conservative measures at

Enterprise 1 (developed by the author).

Energy conservation measures object: 1 2 3 4 5 6
Workshop No.1
Tax tariffs and rates
Natural gas cost, roub/m’ 4,68741 4,6874  4,68741  4,68741  4,68741  4,68741
Electric power tariff, roub/kWxh 1,2146 1,2146 1,2146 1,2146 1,2146 1,2146
Nitrogen oxide emission tax rate, roub/t 1434,71 14347 143471 1434,71 1434,71 1434,71
Carbonic oxide emission tax rate, roub/t 54,05 54,05 54,05 54,05 54,05 54,05
Carbon dioxide emission tax rate, roub/t 0,24 0,24 0,24 0,24 0,24 0,24
Decrease in consumption of energy resources of

natural gas, m*® 32400 3240 0 0 0 0
electric power, kWxh 0 0 0 0 0 15750

Emission cuts




Emissions reduction NO,, t 0,102384 0,0102 0 0 0 0
Administration building measures 1 2 3 4 5 6
Emissions reduction CO, t 0,014567 0,0015 0 0 0 0
Emissions reduction CO,, t 50,34493 5,0345 0 0 0 0
Cost cutting due to given measure

Due to decrease in energy consumption, 0 0 0 0 0 19130
roub

Due to decrease in gas consumption, 151872,1 15187 0 0 0 0
roub

Due to decrease of ecological pays, roub 159,7615 15,976 0 0 0 0
General saving from measure  152,0318 15,203 0 0 0 19,13

introduction, thous. roub

Table 6. The second option of calculation of annual cost cutting due to energy-conservative measures at
Enterprise 1.

Energy saving measures for Workshop No.1 7 8 9 10

Tax tariffs and rates

Natural gas cost, roub/m’ 4,68741 4,68741 4,68741 4,68741
Electric power tariff, roub/kWxh 1,2146 1,2146 1,2146 1,2146
Nitrogen oxide emission tax rate, roub/t 1434,71 1434,71 1434,71 1434,71
Carbonic oxide emission tax rate, roub/t 54,05 54,05 54,05 54,05
Carbon dioxide emission tax rate, roub/t 0,24 0,24 0,24 0,24

Decrease in consumption of energy resources of

natural gas, m® 0 0 226800 64800
electric power, kWxh 5400 32400 0 0

Emission cuts

Emissions reduction NO,, t 0 0 0,716688 0,20477
Administration building measures 0 0 0,101969  0,02913
Emissions reduction CO, t 0 0 352,4145 100,69

Cost cutting due to given measure

Due to decrease in energy consumption, roub 6558,84 39353,04 0 0

Due to decrease in gas consumption, roub 0 0 1063105 303744
Due to decrease of ecological pays, roub 0 0 1118,33 319,523
General saving from measure introduction, thous. roub 6,55884 39,35304 1064,223 304,064

Table 7. The first option of summary table of calculation of annual saving from energy-conservative
measures at Enterprise 1 and necessary investment resources for their implementation.

Energy Obijects on which energy saving measures are planned




conservati

Administ  Worksho  Worksho  Workshop 3 Workshop 4 Boiler-room  Warehouse
on ration pl p2
measure building
Investment capital I, thous. roubles and general saving from R measure implementation, thous.
roubles

I R; P R, I3 R3 Iy R4 s Rs s Rs I Rs
Measure 207 63, 406, 152 485, 190 614, 253, 1103 506, 107, 253 351,7 126,6
No.1 331 347 277 ,03 903 ,04 6625 4 579 8 8823 4 8933 9
Measure 9 633 24 15, 33 19, 56 253 70 50,6 5:4 7,60 24 12,66
No.2 47 203 004 3864 7728 1592 932
Measure M 0 504 0 40,5 114 36 101, 936 304, 6,12 152 11,4 2533
No.3 ,02 3546 0637 0318 8641
Measure 0 0 0 0 0 620 3287 0
No.4 ,942
Measure 0 0 0 0 0 230 4603 0
No.5 ,119
Measure 0 0 8,75 19, 9 15, 6,75 114 23 765 195 229 156 1,530
No.6 13 304 7797 198 5594 396
Measure H 173 72 65 9 8,1 14 109 20 218 14 1,09 10 5,465
No.7 29 588 986 314 628 314 7
Measure 0 54 39, 0 0 0 0 0
No.8 353
Measure 200 443 540 106 562, 133 560 1773 1500 3547 55 177, 175 886,8
No.9 43 42 5 0,3 ,705 41 3705 5243
Measure 25 126 56 304 64 380 37 506, 54 1013 28 50,6 67 253,3
No.10 ,69 ,06 ,08 7728 ,546 7728 8641

Table 8. Calculation of complete economic effect of energy saving measure “Replacement of equipment
engines to less powerful ones” of Enterprise 1.

Calculation of
complete
economic effect

Short-term period

Average term

Long-term period

Years 0 1 2 3 4 5 6 7 8 9 10
Investment 8750,0
expenditures 0
Net  economic 1913 1913 1913 1913 19130 19130 19130 19130 19130 19130
saving 0 0 0 0
Reinvested 030 030 030 0,30 0,30 0,30 0,30 0,30 0,30 0,30
earnings  share
(RE)
Profit after 1339 1339 1339 1339 13391 13391 13391 13391 13391 13391
reinvestment 1 1 1 1
Average % RE 1,15 1,15 1,15 1,15 1,15 1,15 1,15 1,15 1,15 1,15




Profit from
previous years

1% year 6600 7590 8728 10038 11543 13275 15266 17556 20189
2" year 6600 7590 8728 10038 11543 13275 15266 17556
3" year 6600 7590 8728 10038 11543 13275 15266
4" year 6600 7590 8728 10038 11543 13275
5" year 6600 7590 8728 10038 11543
6" year 6600 7590 8728 10038
7" year 6600 7590 8728
8" year 6600 7590
9" year 6600
Total income yy 0 6600 1419 2291 32956 44499 57773 73039 90595 11078
0 8 4
Project cost 8000 7667 7334 7001 6668 6335 6002 5669 5336 5003
Payments to - - - -1006 -1006 -1006 -1006 -1006 -1006 -1006
investor 1006 1006 1006
Disbursement of -4375
loan
CEE exclusively -8750 3635 2262 4919 8449 12983 18672 25688 34230 44528 56407
of Project cost 0 5 8 8 2 0 4 4 8
CEE including -8750 1163 3028 5652 9149 13650 19305 26288 34797 45062 56908
Project cost 5 7 9 9 6 7 2 3 0 1

Table 9. The second variant of calculation of complete economic effect of energy saving measure “Increasing
envelope building thermal insulation resistance” Enterprise 1” (developed by the author).

Calculation of Short-term period Average term Long-term period

complete

economic

effect

Years 0 1 2 3 4 5 6 7 8 9 10
Investment 207331,
expenditures 00
Net economic 6334 6334 6334 6334 63347 6334 6334 6334 63347 63347
saving 7 7 7 7 7 7 7
Reinvested 030 030 030 030 0,30 0,30 0,30 0,30 0,30 0,30
earnings share
(RE)
Profit after 4434 4434 4434 4434 44343 4434 4434 4434 44343 44343
reinvestment 3 3 3 3 3 3 3
Average % RE 1,15 1,15 115 1,15 1,15 1,15 1,15 1,15 1,15 1,15
Profit from

previous years
1% year 2185 2513 2890 33238 3822 4395 5055 58134 66854




5 3 3 4 8 1

2" year 2185 2513 28903 3323 3822 4395 50551 58134
5 3 8 4 8
3" year 2185 25133 2890 3323 3822 43958 50551
5 3 8 4
4" year 21855 2513 2890 3323 38224 43958
3 3 8
5" year 2185 2513 2890 33238 38224
5 3 3
6" year 2185 2513 28903 33238
5 3
7" year 2185 25133 28903
5
8" year 21855 25133
9" year 21855
Total income 0 2185 4698 7589 10912 1473 1913 2418 29999 36685
vy 5 8 0 9 53 10 62 6 0
Project cost 0 0 0 0 0 0 0 0 0 0
Payments to - - - - - - - - -18975 -18975
investor 1897 1897 1897 1897 18975 1897 1897 1897
5 5 5 5 5 5 5
Disbursement -
of loan 10366
6
CEE -207331 - - - 3887 17337 3460 5627 8299 11553 14439
exclusively of 1819 1347 6238 3 0 91 69 99 62 14
Project cost 63 40 5

CEE including  -207331 - - - 3887 17337 3460 5627 8299 11553 14439
Project cost 1819 1347 6238 3 0 91 69 99 62 14
63 40 5

Table 10. The first option of calculation of the components of the indicator of investment attractiveness of
energy saving measure at enterprise (developed by the author).

Variable designation Expert Value of variable Expert
evaluation evaluation
X1 — LZ “complete economic 9 ys — LZ “technical superiority of the 0,776*
effect” (Rj) properties of equipment or material over
analogous projects”
Xo — LZ “pay-off period” 10 b, — LZ “by output performance, KP1” 1
X3 — LZ “coefficient of project’s 0,3 b, — LZ “by weight and geometrical 1
financial autonomy” properties”
X4 — LZ “project life term” 25 z; — LZ “technical complexity of 80
exploitation process”
Xs — LZ “project riskiness” 10 z, — LZ “qualification level of the staff” 2
y1 — LZ “correspondence of 4,5 z3 — LZ “the level of manufacturer’s 1

current production to modern technical support”




regulations”

Yy, — LZ “project environmental 1 z, — LZ *“the degree of abatement of 10
friendliness” emissions in environment”

ys — LZ “need for enterprise 4,18* zs — LZ ‘“equipment and materials 1,82*
modernization” operating conditions”

a; — LZ equipment 5 d; — LZ “equipment” 1
a, — LZ “buildings and facilities” 4 d, — LZ “materials” 2
Y4 — LZ “degree of decreasing 10 * designated calculated values of LZ

products’ energy output”

Table 11. The second option of calculation of the components of the indicator of investment attractiveness of
energy saving measure at enterprise (parameter L value).

Parameter Variable designation and Universal set Parameter Parameter
name value value
Investment  attractiveness Economic factor (X) UXx)=1{0...1} 0,746 L =0,5072
index (L)
(scores)
Technical factors (YY) U(Y) = {0...1} 0,263
(scores)
Exploitation factors (Z2) U(z)=1{0...1} 0,236
(scores)

4

managers' failure to !
evaluate new

organizational and tecnnologies. L
legal roblems: unskilled staff The lack of sc_Lentlﬁc
galp ' and technological

5.20% 3.40% support: 4.20%



Figure 1. Distribution of factors preventing the introduction of advanced technologies, in % from the total
number of enterprises (compiled by the author).
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Figure 2. Dynamics of introduction of innovations at production enterprises [2].
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Figure 3. Results of calculation of the first stage of modeling of the option of priority measures of energy
conservation for enterprise.
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Figure 4. Graphic interpretation of results of calculation of CEE and NPV at investing in energy saving
measure with the use of different methods (at project zero cost) (developed by the author).
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Figure 5. Priority measures of energy saving, which are recommended to be introduced at the units of
production enterprises based on the results of economic energy inspection



