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A METHODICAL APPROACH
TO THE EVALUATION OF ENERGY EFFICIENCY
AT ENTERPRISES

|. Gontareva
O. Ivanenko

Energy efficiency has become a top priority at the present stage of economic development
for both governments and business. The interdependence of economic processes at all the levels
of economy (national, regional and micro level) necessitates a holistic approach to the evaluation
of how efficiently energy resources are used. In order to determine the most effective ways
to increase energy efficiency, a comprehensive evaluation approach must be applied. It should
consider peculiarities of the energy potential through all the levels of the economic system.
A methodical approach to the evaluation of energy efficiency at machine-building enterprises has
been presented. In the framework of the proposed methodical approach a comprehensive evaluation
is provided, which comprises the following stages: assessing the national economy energy
potential availability, and efficiency of energy utilization at industrial enterprises, including machine-
building enterprises, and the result of energy utilization through the end product energy efficiency
evaluation at machine-building enterprises. Apart from the comprehensive methodical approach to
the evaluation of energy efficiency, appropriate analytical instruments for evaluation at each stage
have been suggested. On the basis of this methodical approach, the energy efficiency at Ukrainian
machine-building enterprises has been evaluated. The evaluation and further analysis have shown
that a possible cause of low energy efficiency lies in the lack of organizational conditions for high
energy efficiency at the domestic enterprises.

Keywords: energy efficiency evaluation, a methodical approach to the energy efficiency

evaluation, energy potential utilization, energy efficiency of products, energy efficiency integral
coefficient.
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METOOQMYHMWA NIOXIQ
A0 OUIHIOBAHHA EHEPITOE®EKTUBHOCTI
HA NIANPUEMCTBAX

Nonmapesa I. B.
leaHeHko O. B.

EHeproeeKkTnBHIiCTb CTae npiopuTeTHUM 3aBAaHHSM Ha Cy4acHOMY eTani eKOHOMIYHOro
pO3BUTKY ANS Aep)XaBu N nignpuemcTs. BaaemosanexHicTb eKOHOMIYHMX MPOLECIB Ha BCIX PiBHSAX
€KOHOMIiKM (HauioHanbHOMY, perioHanbHOMY Ta MiKpOpiBHi) NoTpebye LinicHoro nigxo4y 4O OLiHio-
BaHHA e(eKTUBHOCTI BUKOPUCTaAHHA eHepreTMYHux pecypciB. [Ana BuM3HAYeHHA Hanbinbw edpek-
TMBHMX LUMSIXIB MiOABULLIEHHS eHeproedeKTMBHOCTI HEOOXIAHMI KOMNIEKCHUI Nigxig 4O Ti OUiHIOBaHHS,
Lo 6yae BpaxoByBaTU 0COBIMBOCTI EHEPreTUYHOro NOTEHLiany Ha BCiX PIBHAX EKOHOMIYHOI CUCTEMMW.
3anponoHOBaHO METOAMYHUIA MioXia A0 OUiHIBaHHA edeKTUBHOCTI BUKOPUCTAHHS eHepreTU4HuX
pecypciB Ha MaLLIMHOOYAIBHMX NiANPUEMCTBAX, KM Nepeadadae KOMIMIIEKCHE OLUIHIOBAHHS, CKNageHe
3 Takux eTarnis: OLiHIOBaHHS HAssBHOCTI eHepreTU4YHOro noTeHuiany Ha piBHI HaUioOHaNbHOI EKOHOMIKM;
e(EKTUBHICTb MOro BUKOPUCTAHHSA Ha NPOMUCIOBUX NiANPUEMCTBAX, Y TOMY YMCIi MalMHOGyAiB-
HWX, @ TaKoX pe3yrbTaT NOro BUKOPUCTAHHS LUNAXOM OLiHIOBaAHHSA eHeproedekTMBHOCTI BUPOOHULTBA
KiHLEBOI npoaykuii MalwmnHobyaiBHMX NignpuemMcTB. byno 3anponoHOBaHO He TiNbkWM eTany KoMmMn-
NEKCHOro MeTOANYHOro Migxody A0 OUIHIOBAHHSA eHeproeeKTUBHOCTI, a 1 BigNoBiAHI aHaniTUYHI
IHCTPYMEHTM ONS OLHIOBaHHA Ha KOXXHOMY eTani. Ha OCHOBI LbOro mMetoamyHoro nigxogy 6yno
OLIHEHO eHeproeeKTUBHICTb Ha YKpPaiHCLKMX MaluMHOOyaiBHMX nignpuemcTteax. OuiHIOBaHHS 1 Mo-
JanbLUMr aHani3 nokasanu, LWo MOXNuBa NpuimMHa HU3bKOI eHeproedeKTUBHOCTI Nonsrae B HegocTaT-
Hil HAsiIBHOCTI OpraHisaLiiH1X yMOB 3abe3neyeHHst eHeproePeKTMBHOCTI Ha BITYM3HSHWX NiANpUEMCTBaX.

Knrouoei crioea: ouiHioBaHHS eHeproeEeKTUBHOCTI, METOANYHUI NiAXid OO OLiHIOBaHHSI eHepro-
€ EeKTUBHOCTI, BUKOPUCTAHHA EHEPreTUYHOro noTeHujiany, eHeproeeKTUBHICTb NPOAYKLUIl, iHTerpanb-
HUIN KoeiuieHT eHeproeeKTUBHOCTI.

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

METOOUYECKUX nooxon
K OLUEHKE 3HEPIO3®®EKTUBHOCTMU
HA NMPEOMNPUATUAX

Nonmapeea Y. B.
UeaHeHko E. B.

OHeproaHEeKTUBHOCTb CTAHOBUTCSA NPUOPUTETHOM 3a4a4ven Ha COBPEMEHHOM 3Tane 3KOHO-
MUYEeCKOro pasBuTuSA A8 rocyaapcTsa v npeanpuatuii. B3aammo3aBncMMoCTb 9KOHOMUYECKUX NPO-
LleCCOB Ha BCEX YPOBHHAX 3KOHOMWKU (HaUMOHAaNbHOM, peroHanbHOM W MUKPOYpoBHe) TpebyeT
LenocTHoro nogxoda K oueHke 3(PeKTUBHOCTU WCMOSb30BaHNSA 3JHEPreTUYecKnx pecypcos.
[ns onpegeneHus Hanbonee aPPEKTUBHBIX MyTEN NOBbLILLEHUS 3HEProdIdPdPEKTUBHOCTU HEOBX0ANM
KOMMNMEKCHbIA Noaxon K ee OLeHKe, KOTopblin ByaeT yuuTbiBaTb OCOBEHHOCTU 3HEepreTm4ecKoro
noTeHumMana Ha BCex YPOBHSAX SKOHOMUYECKOWN cucTembl. MNpeanoxeH MeToAMYEeCKUiA NOAXOS, K OLieHKe
9HeproaMEKTMBHOCTN HA MAaLUMHOCTPOUTENbHBLIX NPeanpuUATUAX, KOTOpbIM npeanonaraeT KoMn-
NEKCHYIO OLIEHKY, COCTOSILLYIO W3 CriefyloLMX 3TanoB: OLEHKW Hanuyus SHepreTUyeckoro MnoTeH-
umana Ha ypoBHe HauMOoHarbHON 3KOHOMUKW; 3OXEKTUBHOCTbL €r0 MUCTIONb30BaHNA Ha NMPOMBILLITEHHbIX
npeanpuaTUsiX, B TOM YUCe MaLMHOCTPOUTENbHBIX, @ Takke pesynbTaT ero UCNosfb30BaHNUs nyTemM
OLEHKM 3HeproapeKkTMBHOCTN MNPOM3BOACTBA KOHEYHOM MpoAyKUUW MaLMHOCTPOUTENbHbIX
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npeanpuaTun. bbinn npeanoXeHbl HE TOMNbKO 3Tamnbl KOMMMNEKCHOro MEeTOAMYecKoro noaxoaa
K oUeHKe aHeproadeKTUBHOCTU, HO U COOTBETCTBYIOLLME aHaNUTUYECKUE UHCTPYMEHTLI AN OLEHKN
Ha KaxgoM aTarne. Ha ocHOoBe 9TOro MeToamyeckoro nogxoda Goina oueHeHa aHeproadpdeKTMBHOCTb
Ha YKPaUHCKMX MaLLUMHOCTPOUTENbHbIX Npegnpuatnax. OueHka n nocnegyowmi aHanns nokasanm,
4YTO BO3MOXHAA NPUYNHA HU3KOMN SHEProaPeKTUBHOCTM 3aKNo4aeTcs B HEAOCTAaTOYHOM Hanmymm
OpraHM3auUMOHHbIX YCNOBMIN obecneveHns aHeproadpEeKTMBHOCTU Ha OTEYECTBEHHLIX NPEAnPUATUSIX.

Knroyeebie crioga: oueHka aHeprodadHeKTUBHOCTN, METOOUYECKNIA NOAX0S K OLEHKE SHEpro-
3hPEKTUBHOCTH, NCNONb30BaHWE BHEPreTU4ecKoro noTeHumana, aHeproadEKTUBHOCTbL NPOAYK-
LMW, NHTerpanbHbIn KO3MULNEHT HEProadPEKTUBHOCTN.

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Efficient use of energy resources has become a top
priority for current economic development. The interdependence
of economic processes at various levels of economy neces-
sitates a holistic approach to the evaluation of energy effi-
ciency. To determine the most effective ways to increase energy
efficiency, a comprehensive approach to the evaluation of the
energy potential peculiarities at all the levels of the economic
system is required to include the estimation of the national
economy energy potential availability and direct use, and energy
utilization efficiency manifested in the energy efficiency of the
end product of industrial enterprises. In this connection, the
improvement of the methodical approach to the evaluation of
energy efficiency is a topical scientific problem.

Numerous Ukrainian and foreign scientists have
devoted their studies to the problem of energy efficiency
evaluation on various levels of economy, among them the
following should be mentioned: V. Kotelenets, L. Melnyk, V. Mi-
kitenko, D. Streimikiene, O. Sukhodolia [1 — 5], and others.

Considering the significance of scientific achievements in the
field, problems of energy efficiency comprehensive evaluation
still require further consideration.

The aim of this article is to improve the methodical
approach to energy efficiency evaluation, so as to take into
account the complex nature of energy resources consumption
and use through all the levels of the economic system.

The energy potential is inherent in the economic system
at various levels and has specific manifestations at each of
them. To increase the efficiency of energy potential utilization
at Ukrainian industrial enterprises, energy potential must be
considered comprehensively through all the levels of economy [6].
At each economic level, where energy potential is examined,
corresponding measures could be introduced to enhance its
utilization efficiency, and thus increase energy efficiency.

The interconnection logic of the energy efficiency
evaluation stages at various levels of the economic system
is shown in Fig. 1.

Energy potential
of the national economy

A
N—

~ >

Potential m Statistical analysis
Potential . .
utilization Economic analysis

Energy potential of industrial enterprises,
including mechanical engineering enterprises

- =

- =

Taxonomy method

=)

Energy efficiency of end products
of mechanical engineering enterprises

Fig. 1. The interconnection logic of the energy efficiency evaluation stages

As shown in Fig. 1, the energy potential of the Ukrainian
economy maintains i.a. the operation of industrial enterprises,
including mechanical engineering. The end product of enterprises
is considered as the result of the energy potential implemen-
tation in the industry [7].

Energy efficiency maintenance at Ukrainian industrial
enterprises depends on both the quality of the enterprise's
own energy potential utilization and common global trends
in the energy sector. This is due to the fact that the amount
of currently proven reserves of fuel and energy resources in
Ukraine cannot fully meet the needs of industry, infrastructure
and population for energy resources, which makes Ukraine an
import-dependent country in the aspect of the energy resources
procurement. Therefore, development trends in the global
energy system affect the energy efficiency of Ukrainian enterprises.

Three distinctive periods can be seen in the total
primary energy supply and final energy consumption in Ukraine.
The first period can be referred to as an economic recession
of 1991 — 1999, which is notable for rapid decline in GDP (60 %
for the period), and a corresponding reduction in energy
consumption. The second period, that lasted from 2000 to
2007, is characterized by stabilization of energy consumption
with a slight upward trend (0.4 % average annual growth),
which was accompanied by a faster growth of GDP (about 7.7 %
average annual growth). In the first place, this was due to
sectoral shifts and structural changes in the Ukrainian economy
that occurred during this period — an outstripping growth rate
in the trade sector, service industries and the financial sector,
which provided a significant contribution to GDP growth.
In the third period, which began in 2008 and continues to this
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day, the total primary energy supply and final energy consump-
tion were formed under the influence of the global financial
and economic crisis, that has largely determined commodity
production of the major export-oriented industries (metallurgical,
chemical, mechanical engineering), which in turn affected other
industries — electric power and extractive industries (mining
ore and coal).

The period of extensive development in some pre-
cedent years was not used fully to implement the structural
changes in the economy, where the imbalance and high
energy consumption caused increased stagnation in the fuel and
energy complex and made it impossible to carry out urgent reforms
in it. In turn, within the energy sector itself the imbalances con-
strained transformation of the energy consumtion structure [1].

Overall macroeconomic analysis of the available energy
potential utilization in Ukraine allowed for identification of trends
in consumption and production of oil, natural gas, coal, as well
as for determination of energy intensity of the gross domestic
product. Among these trends, reduction in the absolute
consumption and production of energy resources, due to the
general downturn in the Ukrainian economy, was observed.
Despite the decline in the energy intensity of GDP, which is
seen as one of the energy efficiency indicators at the macro-
economic level, the result of the energy potential utilization
generalized analysis should be concluded as a need to
increase energy efficiency. To determine what areas energy
efficiency measures should be developed in, it is necessary
to conduct a more detailed analysis of the energy resources pro-
duction structure and areas of their end use in industrial activities.

The analysis of the fuel and energy resources con-
sumption at industrial enterprises in Ukraine in general, and
among them — at mechanical engineering enterprises, allowed
identifying overall trends and areas that require improvement.
Thus, the largest share of fuel and energy resources, con-
sumed by mechanical engineering enterprises in the production
process, falls on electricity and natural gas. Diesel, motor fuel
and coal are among the most widely used fuels. The industrial
production decline resulted in an increase in the share of
energy costs in the cost structure in both physical and value
terms. The share of the energy element in the structure of semi-
fixed costs is growing, it is used for heating and/or lighting the
premises, and for other needs apart from the process of pro-
duction itself, i.e. these costs do not correlate directly with the
value of production output.

The energy intensity of production at Ukrainian mechan-
ical engineering enterprises is considerably higher than
in the world's leading mechanical engineering companies,
particularly EU companies. This is due to the fact that the
industrial infrastructure in Ukraine uses energy-inefficient,
highly resource-intensive equipment, which does not meet
ecological requirements. Above all, in most cases it is utilized
beyond the period of useful life. Ukraine lacks up-to-date
industrial technologies, which results in increased fuel con-
sumption per unit of industrial production output. Under
present-day conditions imported gas significantly impacts on
industrial production, which leads to increased production
costs, reduced competitiveness of Ukrainian goods, and intern-
al and external market share loss.

Production output of industrial enterprises can be
viewed as the result of implementing energy potential [7].
A comprehensive analysis of energy efficiency at industrial
enterprises implies evaluating the energy efficiency of pro-
duction output, that, within the scope of this research, was
carried out for mechanical engineering enterprises, both foreign
and Ukrainian. In accordance with the Law of Ukraine
"On Energy Saving", energy-efficient products, technology,
equipment are a product or a method, a means of production that
ensure rational use of energy resources in comparison with other
options of use or manufacturing the product of the same consumer
level, with the same technical and economic parameters [8].
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To perform energy efficiency evaluation of mechanical
engineering production output that is based on a range of
particular indicators, it is advisable to use the mathematical
support such as a methodical approach to the taxonomic
index calculation [9].

To conduct a comparative energy efficiency evalu-
ation of production output in the mechanical engineering
industry, 15 machine-building enterprises were selected, among
which both Ukrainian and foreign international leading
manufacturers of wheel general-purpose farm tractors are
presented, namely the JSC "Kharkiv Tractor Plant" (Kharkiv-
skyi traktornyi zavod (KhTZ) (Ukraine); the State Enterprise
"Production Association Pivdennyi Machine Building Plant
named after A. M. Makarov" (SE "PA PMBP") (Ukraine);
the State Enterprise "Production Association Minsk Tractor
Plant" (Belarus); Case IH (USA); Claas (Germany); Deutz-
Fahr (Germany); Farmtrac (EU); Fendt (Germany); JCB (United
Kingdom); John Deere (USA); Kubota (Japan); Massey Fer-
guson (Canada); New Holland (France); Terrion (Russia); Valtra
(Finland).

The wide range of wheel general-purpose farm
tractors includes models with capacity varying considerably
from 19 kW to 250 kW. Considering the fact that the technical
characteristics of the end products within the capacity range
vary and are not even by their value, to enhance the estimate
reliability of the efficiency evaluation it is advisable to conduct
evaluation within the subgroups formed by the nominal power
criterion. Thereby, four subgroups were selected (group 1 with
a nominal capacity of up to 50 kW; group 2 with a nominal
capacity from 50 to 100 kW; group 3 with a nominal capacity
from 100 to 150 kW; group 4 with a nominal capacity of more
than 150 kW). For the purposes of the research it is assumed
that tractor capacity is determined by the nominal engine
power. In accordance with the procedure stipulated by the
taxonomic index calculation approach the energy efficiency
ratings were build separately for four product groups, each of
them comprising 30 product models [10], which ensures fairly
even and comparable technical and economic characteristics
within each group.

Thus the energy efficiency evaluation of production
output was conducted in four homogeneous groups by the
following parameters:

X1, maximum engine power, kW;

X2, nominal engine power, kW;

X3, specific fuel consumption at maximum power, g/kWh;

Xa, specific fuel consumption at nominal power, g/kWh;

Xs, a unit of weight per unit of production capacity (kg/kW);

Xs, turning radius, m.

Further the results of energy efficiency calculations of
the production output are shown for group 3, which comprises
the wheel general-purpose farm tractors with a nominal
capacity from 100 to 150 kW.

Table 1 illustrates the calculations of the intermediary
indicators for the determination of the reference point, namely,
the average value of the j-th index (Xmean), standard (root-
mean-square) deviation of the j-th index (Sj).

Table 1

Calculation of the intermediary indicators to determine
the reference point for group 3 (wheel general-purpose
farm tractors with a nominal capacity from 100 to 150 kW)

Energy efficiency parameters

Estimate indicator
X1 X X3 )9 Xs X6

Average value

of the j-th index (Xmean) 129.14121.18]23347| 254.64]59.68|5.57

Standard (root-mean-square)

10.21 | 9.51 [11.41]11.92|5.11 |0.89

deviation of the j-th index (Sj)
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The results shown in Table 1 were obtained on the
basis of technical and economic characteristics of the
production output in accordance with already outlined
parameters X; to Xs. Because these parameters have different

units of measurement, standardization of baseline values is
required in order to complete the next step in the procedure of
energy efficiency integral rating formation that is to define the
reference point (Table 2).

Table 2
The matrix of baselines standardized values and defining the reference point for group 3
Tractor Standardized values of production output energy efficiency parameters
model X1 X2 X3 Xa Xs Xe
1. KhTZ -150K-09-25 -0.01 0.01 -1.18 -0.22 1.16 1.27
2. KhTZ-16131 -0.41 -0.38 -0.04 -0.22 1.33 1.71
3. KhTZ-16131-03 0.32 0.40 -1.15 0.28 1.25 1.71
4. KhTZ -16131-05 0.28 0.40 -0.44 0.62 1.25 1.71
5. KhTZ -16331 0.29 0.45 -0.83 -1.65 0.13 1.71
6. KhTZ-17021 0.28 0.40 -1.22 -1.97 0.67 -2.10
7. KhTZ-17221 -0.01 0.01 -1.18 0.37 1.50 1.27
8. KhTZ-17221-09 0.32 0.40 1.59 2.38 1.46 1.27
9. MTZ 1523 -1.48 -1.28 -1.18 -0.39 -1.27 -0.64
10. MTZ 1523.3 -1.29 -1.07 -0.57 -0.39 -1.10 -0.08
11. MTZ 1523.4 0.18 -1.07 2.59 1.29 -1.10 -0.08
12. MTZ 1523.5 -1.28 -0.92 -1.00 0.70 -1.32 -0.08
13. Puma CVX 160 0.08 -0.33 -0.30 -0.14 0.84 -0.14
14. Puma 180 1.26 1.35 -0.04 -0.31 0.27 -1.15
15. Axion 820 C-matic 1.46 145 1.54 0.37 1.08 -0.47
16. Arion 650 Cebis 0.57 0.82 0.22 -0.73 0.27 0.03
17. Agrotron M 625 -0.11 -0.12 2.06 1.29 -0.76 -0.50
18. 6180 P 0.18 0.19 -0.30 0.87 -0.40 -0.19
19. Vario 820 1.95 1.98 0.84 -0.14 -1.29 0.03
20. Vario 516 -1.87 -1.91 -0.30 -0.14 0.48 -0.06
21. 6830 -1.68 -1.49 0.31 -0.89 -1.37 -0.42
22. 7530 Premium 1.65 1.56 0.48 -0.89 -0.64 -0.53
23. 6930 Premium -0.70 -0.76 -0.22 -1.14 -0.74 -0.42
24. M7.171 -0.54 -0.33 0.13 -0.64 -1.23 -1.48
25. MF 7615 DynaVT -1.09 -1.18 0.05 0.28 1.36 -0.04
26. T7.210 0.38 -0.02 -1.36 -1.82 -0.72 -0.14
27. T7040 1.26 1.35 0.31 0.20 0.03 0.14
28. N163 Direct -0.11 -0.12 0.40 0.79 -0.74 -1.20
29. N143 Direct -0.99 -0.97 0.66 1.62 -0.06 -1.20
30. T182 Versu 1.11 1.18 0.13 0.62 -0.37 0.03
Reference point 1.95 1.98 -1.36 -1.97 -1.37 -2.10

The next step consists in calculating the mean Euclidean
distance (D, mean), the standard deviation of Euclidean distance

(So), as well as the integral energy efficiency coefficient of the
production output (Ki). The results are presented in Table 3.
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Table 3
The results of the calculation of the energy efficiency coefficient of the production output for group 3
Tractor Energy efficiency parameters of the production output sum EL_JcIidean .
model X X X X Xs X distance
1 2 3 4 5 6 7 8 9 10

1 3.84 3.87 0.03 3.05 6.43 11.32 28.54 5.34 0.2633
2 5.53 5.55 1.73 3.05 7.33 14.54 37.73 6.14 0.1530
3 2.64 2.49 0.04 5.06 6.90 14.54 31.67 5.63 0.2239
4 2.77 2.49 0.85 6.68 6.90 14.54 34.23 5.85 0.1932
5 2.74 2.33 0.28 0.10 2.27 14.54 22.26 4.72 0.3494
6 2.77 2.49 0.02 0.00 4.19 0.00 9.47 3.08 0.5756
7 3.84 3.87 0.03 5.48 8.27 11.32 32.81 5.73 0.2101
8 2.64 2.49 8.67 18.89 8.05 11.32 52.07 7.22 0.0049
9 11.75 10.63 0.03 2.49 0.01 2.13 27.04 5.20 0.2829
10 10.45 9.30 0.62 2.49 0.07 4.08 27.01 5.20 0.2833
11 3.11 9.30 15.55 10.60 0.07 4.08 42.71 6.54 0.0988
12 10.38 8.43 0.12 7.12 0.00 4.08 30.13 5.49 0.2430
13 3.46 5.35 111 3.35 491 3.85 22.03 4.69 0.3527
14 0.47 0.40 1.73 2.76 2.69 0.91 8.96 2.99 0.5873
15 0.24 0.28 8.36 5.44 6.04 2.65 23.01 4.80 0.3385
16 1.88 1.34 2.49 1.54 2.72 454 14.51 3.81 0.4747
17 4.23 4.42 11.68 10.60 0.37 2.57 33.88 5.82 0.1973
18 3.11 3.20 1.11 8.04 0.95 3.64 20.04 4.48 0.3827
19 0.00 0.00 4.80 3.35 0.01 4.54 12.69 3.56 0.5087
20 14.59 15.14 1.11 3.35 3.44 4.17 41.79 6.46 0.1085
21 13.13 12.05 2.77 1.15 0.00 2.83 31.93 5.65 0.2207
22 0.09 0.18 3.39 1.15 0.54 2.47 7.81 2.80 0.6145
23 6.99 7.48 1.30 0.68 0.41 2.83 19.68 4.44 0.3882
24 6.19 5.35 2.22 1.76 0.02 0.38 15.92 3.99 0.4498
25 9.22 9.95 1.97 5.06 7.48 4.26 37.94 6.16 0.1506
26 2.46 3.99 0.00 0.02 0.42 3.85 10.75 3.28 0.5479
27 0.47 0.40 2.77 4.69 1.98 5.03 15.34 3.92 0.4599
28 4.23 4.42 3.07 7.58 0.41 0.81 20.51 4.53 0.3754
29 8.63 8.67 4.06 12.90 1.73 0.81 36.80 6.07 0.1635
30 0.69 0.64 2.22 6.68 1.00 4.54 15.78 3.97 0.4523

D, mean (mean Euclidean distance) 4.92

S, (standard deviation of Euclidean distance) 1.17

Do 7.25

The resulting integral coefficient Ki was used to build the production output energy efficiency rating for mechanical
engineering enterprises (Fig. 2).



EKOHOMIKa rignpmremMcTBa Ta yrpas/iiHHA BPOOHNLITBOM

66

7530 Premium (John Deere, USA) [~~~

Puma 180 (Case IH, Germany) [.—.~.".".

KhTZ-17021 (JSC "KhTZ", Ukraine)

T7.210 (New Holland, France) |

Vario 820 (Fendt, Germany) |

Arion 650 Cebis (Claas, Germany)

T7040 (New Holland, France) |

T182 Versu (Valtra, Finland) |

M 7.171 (Kubota, Japan)

6930 Premium (John Deere, USA) |

6180 P (Deutz-Fahr, Germany)

N163 Direct (Valtra, Finland) |

Puma CVX 160 (Case IH, Germany) |

KnhTZ-16331 (JSC "KhTZ", Ukraine) |

Axion 820 C-matic (Claas, Germany)

MTZ 1523.3 (SE "PA MTP", Belarus) 1

MTZ 1523 (SE "PA MTP", Belarus) 1

KhTZ-150K-09-25 (JSC "KhTZ", Ukraine) |

MTZ 1523.5 (SE "PA MTP", Belarus)

KhTZ-16131-03 (JSC "KhTZ", Ukraine) |

6830 (John Deere, CLUA) |

KhTZ-17221 (JSC "KhTZ", Ukraine) |

Agrotron M 625 (Deutz-Fahr, Germany)

KhTZ-16131-05 (JSC "KhTZ", Ukraine) 1
N143 Direct (Valtra, Finland)
KhTZ-16131 (JSC "KhTZ",, Ukraine)

MF 7615 DynaVT (Massey Ferguson, Canada)
Vario 516 (Fendt, Germany)

MTZ 1523.4 (SE "PA MTP", Belarus)

KhTZ-17221-09 (JSC "KhTZ", Ukraine) ﬂ 0.005

0 0.1

0.2 0.3 0.4 0.5 0.6 0.7

Fig. 2. Production output energy efficiency rating for engineering enterprises of group 3

The production output energy efficiency rating of the
mechanical engineering enterprises leads to the following
conclusions. As displayed in Fig. 2, the highest level of the
production output energy efficiency was demonstrated by
such companies as John Deere (USA), Case IH (Germany),
JSC "KhTZ" (Ukraine), and New Holland (France). As can be
seen, products manufactured by mechanical engineering enter-
prises of France, Germany and the USA, as well as the tractor
model of the Ukrainian mechanical engineering enterprise
JSC "KhTZ" took the leading position in Group 3.

As can be seen in Fig. 2, the energy efficiency integrated
coefficient of production output amounted to K; = 0.6145 for
the tractor model John Deere 7530 Premium; K, = 0.5873 for
the tractor model Case IH Pumal80; Kz = 0.5756 for the tractor
model KhTZ-17021; Kz = 0.5479 for the tractor model New
Holland T7.210. These indicate the highest level of the pro-
duction output energy efficiency amongst enterprises in group
3 (with a nominal capacity from 100 to 150 kW).

It is worth pointing out the presence of the Ukrainian
machine-building enterprise JSC "KhTZ" among the leaders in
the energy efficiency integral rating. Despite the fact that this
is definitely a positive outcome for the enterprise, it should be
analyzed in more detail. This configuration of the tractor

model KhTZ-17021 under analysis is based on the engine
model BF 6M 1013E, which is produced by the Deutz AG
(Germany). A similar tractor model, but equipped with the
engine model YaMZ-236 produced by the JSC "Autodiesel”
(Russia), was also evaluated as part of the group and resulted
in the overall rating in the 22nd place with an integral energy
efficiency coefficient Ky, = 0.2101.

Wheel general-purpose farm tractors manufactured by
domestic machine-building enterprises presented in group 3
have the following results. The JSC "KhTZ" resulted with the
following value of the integral energy efficiency coefficient:
K14 = 0.349 (tractor model KhTZ-16331), Kig = 0.263 (tractor
model KhTZ-150K-09-25), Ky = 0.224 (tractor model KhTZ-
16131-03), Ky = 0.210 (tractor model KhTZ-17221), Ku4 =
0.193 (tractor model KhTZ-16131-05), Ky = 0.153 (tractor
model KhTZ-16131). The lowest rate of the integral energy
efficiency coefficient of the production output Ks, = 0.005
refers to the tractor model KhTZ-17221-09.

The fact that the integral energy efficiency coefficient
of the JSC "KhTZ" production output varies significantly
indicates the stochastic nature of high maintenance results for
these tractors. This requires further analysis based on the cal-
culation of the average rating for the products of each company.
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Thus, the energy efficiency rating of machine-building
enterprises represented in the group with a nominal capacity
of 100-150 kW is shown in Fig. 3.

Fig. 3. Energy efficiency rating of machine-building
companies in group 3
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Based on the results of the average energy efficiency
rating for the machine-building enterprises in group 3, the
production output of such companies as New Holland
(France), Case IH (Germany), Kubota (Japan) and Claas
(Germany) is characterized by the highest overall level of
energy efficiency. Despite the fact that in accordance with the
individual production output energy efficiency integral
coefficients of the JSC "KhTZ" products were also presented
amongst the leaders in this group, the average rating has
shown that the production output energy efficiency of
domestic enterprises is significantly lower, notably the JSC
"KhTZ" (Ukraine) and the State Enterprise "Production
Association Minsk Tractor Plant" (Belarus) are in the 9th and
10th place respectively.

Similarly, the production output energy efficiency was
evaluated for product groups 1, 2 and 4, mentioned above. As
a result, local energy efficiency ratings of machine-building
enterprises have been built.

At the final stage of the production output energy
efficiency evaluation for mechanical engineering enterprises,
the formation of the overall rating of the enterprises producing
wheel general-purpose farm tractors was carried out. The
results of the local ratings within each of the four groups at
nominal capacity were used as the basis for the overall rating
(Table 5).

Table 5

Energy efficiency rating of mechanical engineering enterprises producing wheel general-purpose farm tractors

Local rating Standardized rating
of the enterprise of the enterprise
No. Enterprise Group 1| Group2 | Group 3 | Group 4 | Group 1| Group 2 | Group 3 | Group 4 Rating
(up to (50— (100 — (from (below (50 — (100 — (from
50 kw) | 100 kw) | 150 kw) | 150 kw) | 50 kw) | 100 kw) | 150 kw) | 150 kw)

1 |NewHolland (France) 5 1 1 5 0.50 0.09 0.09 0.45 0.28 /(1)
2 |John Deere (USA) 3 2 5 4 0.30 0.18 0.45 0.36 0.33/(2)
3 |Fendt (Germany) - 3 7 2 0.00 0.27 0.64 0.18 0.36 /(4)
4 |Deutz-Fahr (Germany) 1 9 8 8 0.10 0.82 0.73 0.73 0.59/(9)
5 |Claas(Germany) - 5 4 3 0.00 0.45 0.36 0.27 0.36 /(5)
6 |Case IH (Germany) 6 6 2 6 0.60 0.55 0.18 0.55 0.47 /(7)
7 | Valtra (Finland) 2 7 6 1 0.20 0.64 0.55 0.09 0.37 /(6)
8 |MasseyFerguson (Canada) 4 10 11 9 0.40 0.91 1.00 0.82 0.78 /(12)
9 |Kubota (Japan) 4 - 3 - 0.40 0.00 0.27 0.00 0.34 /(3)
10 |Farmtrack (EU) - 11 - - 0.00 1.00 0.00 0.00 0.50/(8)
11 [SE"PA MTZ" (Belarus) 10 4 10 7 1.00 0.36 0.91 0.64 0.73/(10)
12 [SE "PA PMBP" (Ukraine) 9 - 9 12 0.90 0.00 0.82 1.09 0.94 /(14)
13 [JSC "KhTZ" (Ukraine) 8 8 - - 0.80 0.73 0.00 0.00 0.76 /(11)
14 |JCB (Great Britain) - - - 10 0.00 0.00 0.00 0.91 0.91/(13)
15 |Terion (Russia) - - - 11 0.00 0.00 0.00 1.00 1.00/(15)

To build the overall rating of the enterprises by the
level of their production output energy efficiency (wheel farm
tractors) the local ratings were used as the basis, i.e. the
average places of the enterprise in each local rating that it
had received by the energy efficiency evaluation within the
individual product groups, as well as the results of the rating
standardization procedure if the products of the enterprise
were not presented in one or a number of product groups.

The overall rating is calculated as the average of the
normalized ratings for every single enterprise. Thus, this
makes it possible to use all the results received from the local
rating calculation procedures, even if certain enterprises were
not presented in every group under analysis. This could be
mostly explained by objective reasons, such as the absence
of a relevant portfolio of technical and economic parameters
of the production model.
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The first places in the energy efficiency rating belong
to the following enterprises: New Holland (France), John
Deere (USA), Kubota (Japan), Fendt (Germany), Claas (Ger-
many), Valtra (Finland), Case IH (Germany). Considering these,
the overall rating provides an evaluation of the production
output energy efficiency for each enterprise as a whole, inte-
grating the results of individual evaluations. It should be noted
that despite the high energy efficiency standards for the pro-
cesses and production output, certain companies that were
recognized industry leaders in the market of agricultural
equipment did not take high places in the ratings, neither local
nor general. This could be explained by the power ranges,
which have been selected for the groups created. Since the
evaluation was conducted to assess the production output
energy efficiency of domestic machine-building enterprises
in the first place, the product groups were selected based
on their peculiarities. The end products of domestic machine-
building enterprises the JSC "Kharkiv Tractor Plant" and the
State Enterprise "Production Association Pivdennyi Machine-
Building Plant named after A.M. Makarov" resulted in the 11th
and 14th places in the overall energy efficiency rating. Despite
the fact that in certain product groups domestic mechanical
engineering enterprises received high comparative energy
efficiency assessments, their overall ratings are quite low.

Thus, the energy efficiency evaluation with the use of
the given methodical approach allows estimating similar pro-
ducts manufactured by various enterprises based on the energy
efficiency parameter. The results of the energy efficiency evalu-
ation may be used to develop measures to improve energy
efficiency of individual enterprises, among which the imple-
mentation of the organizational conditions of energy efficiency
maintenance similar to those implemented at the enterprises
that took the leading positions in the ratings are of high
importance. One of the essential components of organizational
conditions of energy efficiency maintenance at such enterprises
is the introduction and use of energy management standards.

At the same time, domestic machine-building enterprises,
which by the results of the energy efficiency evaluation were
rated low, are mostly characterized by the absence of obligatory
implementation of these standards. This is one of the causes
of low results. Improving organizational conditions for energy
efficiency maintenance at the expense of adopting best man-
agement practices used at the enterprises that are leaders of
the rating, namely the introduction of energy management
standards, will contribute to an increase in energy efficiency
of the production output. The implementation of procedures
and regulations provided by such standards improves the
efficiency of the production process, and accordingly, the
energy efficiency of the production output, as the end result of
the production process, reduces the loss of energy resources,
increases correspondence between the actual results of the
manufacturing process and the technical requirements, that
regulate the processes and depend on the equipment and
technology development level in the industry.

Applying the methodical approach to integrated energy
efficiency evaluation has proved that the low level of energy
efficiency of domestic machine-building enterprises significantly
depends on the imperfect utilization of the energy potential at
the macroeconomic level, causing a low level of energy effi-
ciency of the end product manufactured by these enterprises.
It was determined that an important aspect that ensures a high
level of energy efficiency is the introduction of the organiza-
tional conditions for energy efficiency maintenance, that are
an essential part of the management practices for the leading
enterprises.

Thus, the article has presented a methodical approach
to the evaluation of energy efficiency at machine-building enter-
prises. In the framework of the proposed methodical approach

a comprehensive evaluation has been provided, which com-
prises the following stages: assessing the national economy
energy potential availability, the efficiency of its utilization
at industrial enterprises including machine-building enter-
prises, and, finally, the result of its utilization through the pro-
duction output energy efficiency evaluation of machine-building
enterprises. The correlation between the level of the energy
potential utilization and the production output energy efficiency
has been substantiated. Apart from the comprehensive method-
ical approach to the evaluation of energy efficiency, appro-
priate analytical instruments for the evaluation at each stage
have been suggested. On the basis of this methodical approach
the energy efficiency at Ukrainian machine-building enterprises
has been evaluated. The evaluation and further analysis have
shown that a possible cause of low energy efficiency lies
in the lack of organizational conditions for the energy efficiency
maintenance at the domestic enterprises. Further scientific
research will be focused on the formation of a mechanism for
energy efficiency at industrial enterprises.
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CRITICAL ISSUES
OF ECONOMIC SECURITY OF ORGANIZATIONS

N. Moskalenko

According to international research, the 21st century has been recognized as a century
of fraud, because this type of crime is not particularly serious and thus not strictly punishable, but it
is very lucrative, hard to find and prove. The most typical threats to economic security and prob-
lems caused by them have been summarized based on the research into economic crimes
in Ukraine and in the world. The results of the study of economic crimes in Ukraine and in the world
conducted by the international auditing company PricewaterhouseCoopers, the author's in-depth
study of the problems of organization and management of economic security, observations and sur-
veys have been presented. According to the survey, the most typical and traditional types of eco-
nomic crime are considered to be the misappropriation of assets, bribery and corruption, fraud
in procurement and accounting; the level of economic fraud in the world in 2016 reached the level
of economic crime in Ukraine according to the data of 2011 and it is a common threat to companies
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