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Abstract. The relevance of the research topic is due to the study of the important problem of improving the
energy efficiency of the economy and the meso and micro levels. In the conditions of the development of an
innovative economy, energy saving becomes one of the main factors for increasing the economic efficiency
and economic security of industrial enterprises and complexes. The article discusses the main aspects of the
organization of energy-saving environmental production systems. The factors affecting the energy
efficiency of the production process from the standpoint of logistics, including the processes of storage,
storage and transportation of products within an industrial enterprise, are summarized. As a criterion of
energy saving in logistics chains, the coefficient of consumption of energy resources spent per unit of
production is given. The analysis of the dynamics of fuel and energy costs per unit of output by the types of
activities of petrochemical plants of the Republic of Tatarstan was carried out. The specificity of the level of
fuel and energy costs by type of activity is shown, depending on the specifics of production and products.
The variation of energy consumption data by types of petrochemical production activities for 10 years has
been calculated. The prospects for reducing the energy intensity of petrochemical enterprises in the context
of the liberalization of the market of electric energy and power are considered. The materials of the study
can be used in managing the development of the real sector of the economy, the service sector, both at the
enterprise services level and in government structures. In addition, the proposed methodology is appropriate
for assessing the level of resource-saving production, building innovative energy-saving development
strategies, and developing a mechanism for targeted actions for the rational use of resources.

1 Introduction

The high level of energy intensity of production of
domestic petrochemical enterprises is one of the most
important reasons constraining the increase of their
competitiveness in the global market. The solution to
this problem is of particular importance. This is
primarily due to a decrease in the demand for products
from partners and a reduction in selling prices for this
reason.

The organization of energy-saving ecological
production systems is a combination of technological
means and processes with minimal energy consumption
at all stages of the production cycle with the least impact
on ecosystems. The problem of saving and rational use
of energy resources is also important from the point of
view of the ecological logistics chain. Logistics allows
you to adjust the consumption of material resources by
managing stocks and consumption of raw materials and
energy sources. In a complete chain of logistics, the
strategic goal is to save energy, minimize the cost of fuel
and energy. Energy saving in logistics chains is to reduce
the consumption of fuel and energy resources spent per
unit of production.

When considering the main factors and sources of
economy of resources, it is necessary to clearly define
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the possibilities of logistics in this process. Costs of
production and sales of products are classified into costs
directly related to the production process, and costs
associated with the storage, warehousing and
transportation of raw materials and finished products. As
for the production process, from the standpoint of
logistics, there is the possibility of influencing the
reduction of costs during storage, storage and
transportation of products within an industrial enterprise.
At the same time, there are no tools to reduce the costs
of material resources coming from the cooperation.

2 Literature review

Problems of the development of modern energy in
industry are examined in the works of scientists in
different directions, including the organization and
management of energy technologies [1], assessment of
energy use factors across the economy [2], the impact of
restrictions on electricity prices [3], regulation of
incentives for investment in smart grid technologies [4],
sustainable development of competitive enterprises
through the implementation of an energy saving strategy
[5]. directions of improving energy efficiency at the
meso and micro levels of the economy [6], energy
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efficiency of the chemical production system [7],
organization of production of competitive petrochemical
products [8].

There are developments of scientists in the field of
energy efficiency of the economy, namely, the formation
of a network model of the value chain based on the
integration of competitive enterprises in innovation-
oriented inter-sectoral clusters [9], an integrated system
for controlling production processes [10], prioritizing
interdependent production processes using the Leontief
model "input-output" [11], development of energy
innovations and energy policy [12}.

The fundamentals of energy efficiency analysis and
modeling of resource-saving systems are presented in the
context of the following areas: evaluation of quality
improvement methods in terms of production and supply
chain [13], productivity modeling based on the cost
analysis of the product development process architecture
[14], modeling of complex logistics service processes
[15] , assessment and review of the prospects for the
complexity of innovation in the field of energy saving
[16], assessment of the achievement of reliability in
industrial enterprises [17].

Analysis of the work of scientists on the organization
and management of energy saving and on improving the
energy efficiency of enterprises has shown that the
mechanisms and tools used to manage energy saving are
currently not fully taking into account the possibilities of
economic integration of the participants of the energy
saving business process in the distribution and
implementation of energy saving measures. In some
cases, this does not allow implementing scientifically-
based recommendations for improving energy saving
and reduces the energy efficiency indicators of industrial
enterprises. In this regard, the task of developing an
organizational mechanism for improving the energy
efficiency of enterprises based on an energy audit
procedure is essential for the development of the
theoretical ~ foundations of energy conservation
management.

3 Results and discussions

Consider the dynamics of fuel and energy costs per 1
ruble of output (energy consumption of products) by
type of petrochemical industry of the Republic of
Tatarstan. The following components are referred to fuel
and energy resources: electric energy, thermal energy,
natural gas, fuel oil, coal, gasoline, diesel fuel, water,
other fuels (table 1).

The level of costs for fuel and energy differs by type
of activity, which, first of all, is due to the specifics of
production and products. Traditionally, the largest
amount of energy consumption is observed in the
production of chemicals — 0.109 rubles per 1 ruble of

products in 2017 (enterprises — representatives:
"Kazanorgsintez", '"Nizhnekamskneftekhim", "Nefis
Cosmetics", "Hiton", "KZSK-Silicon", "Ammoni" and

others).

The energy consumption of enterprises producing
petroleum products (enterprises — representatives: "Taif-
NK", "Taneco", etc.) and enterprises producing rubber

and plastic products (enterprises — representatives:
"Nizhnekamskshina", "KVART", "Polymer-NKNH",
"Rototek-Kama", "Danafleks", "Kazan plant
"EvroPlast", "SafPlast", "Nizhnekamskii zavod shin

TCMK" and others).

The lowest value of fuel, energy and water
consumption is noted in the extraction of crude oil and
natural gas — 0.028 rubles per 1 ruble of products in 2017
(enterprises — representatives: "Tatneft", "Tatex",
"Tatnefteotdacha", "Transoil", "Kondurchaneft",
"Geology", "Ideloil", "Sheshmaoil", "SMP-Neftegaz",
"Geotech", "Aloil" and others).

A graphic depiction of the dynamics of the energy
consumption of petrochemical plants allows you to see
the trend in fuel, energy and water consumption per
ruble produced (Figures 1-4). A fairly stable situation is
observed in the extraction of crude oil and natural gas.
For 10 years (2008-2017) the standard deviation for the
studied data series is 0.031596. The decrease in the
selling price of oil in 2013 affected the energy
consumption. Excluding the energy consumption
parameter, the standard deviation will be 0.002179. [18].

Table 1. The level of energy consumption of petrochemical industries (fuel, energy and water per 1 ruble of output).

Energy and fuel per 1 ruble of output, rubles (energy consumption of production)
2008 | 2009 | 2010 | 2011 |2012 |2013 |2014 | 2015 |2016 | 2017
Extraction of crude oil
and natural gas 0.027 0.026 0.026 0.023 0.022 0.126 0.026 0.025 0.029 0.028
Production of coke
and petroleum product
0.026 0.026 0.021 0.016 0.017 0.022 0.025 0.024 0.030 0.032
Production of
chemicals and
chemical product 0.120 | 0.168 | 0.143 | 0.106 | 0.099 | 0.118 | 0.116 | 0.100 | 0.100 | 0.109
Production of rubber
and plastic products 0.151 0.066 0.058 0.051 0.048 0.047 0.052 0.040 0.035 0.036
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Fig. 1. Dynamics of energy consumption in the extraction of
crude oil and natural gas (energy per 1 thousand rubles of
production).
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Fig. 2. Dynamics of energy consumption in the production of
petroleum products (energy per 1 thousand rubles of
production).

The upward trend in fuel and energy consumption is
noted in the production of petroleum products. From
2008 to 2017, the growth rate of fuel, energy and water
consumption per 1 thousand rubles of output produced
was 123.1%. The standard deviation for the studied data
series is 0.005026. This situation requires more study.
The introduction of new modern production for the
analyzed decade has significantly changed the level of
technological effectiveness of this industry, increased its
internal and external competitiveness. However, the
specific consumption of fuel and energy resources
increased. The reason may be both the growth of
regulatory energy costs, due to the release of new types
of products, and the lack of efficiency in the
implementation of energy and resource saving policies in
the supply chains of enterprises in the industry [19,20].

In the production of chemicals and chemical
products, the reduction in specific fuel consumption and
energy in 2008-2017 amounted to 9.2%. The standard
deviation for the studied data series is in the range of
0.022004. Peak values of the indicator are observed in
2009-2010 associated with the global economic and
financial crisis of 2008, the loss of markets for products,
reduced output, loss of flexibility and conductivity
formed logistics chains.

A similar situation is observed in the production of
rubber and plastic products. In general, for the period
from 2008 to 2017, the reduction in specific fuel and
energy consumption was 4.2 times. At the same time,
excluding the peak value of 2008, the decline is 1.8
times. The standard deviation for 2009-2017 was in the

range of 0.0100. Unlike other types of chemical
industries, the dynamics of specific fuel and energy
consumption are stable and negative.
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Fig. 3. Dynamics of energy consumption in the production of
chemical products (energy per 1 thousand rubles of
production).
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Fig. 4. Dynamics of energy consumption in the production of
rubber and plastic products (energy per 1 thousand rubles of
production).

Energy savings in logistics chains is to reduce the
consumption of fuel and energy resources spent per unit
of production. The importance of resource conservation
in logistics chains is determined by:

1) an increase in the cost of production in the process
of bringing it to the final consumer;

2) the proportion of material costs in the total cost of
logistics.

Directly in the production process, the impact of
logistics decisions on the economy of material resources
is limited. Energy saving in production is determined
mainly by the technology and consumption rates of raw
materials of a particular production process. At the same
time, procedures related to warchousing, storage and
transportation within the enterprise relate to logistics
services and depend on the effectiveness of the logistics
decisions made.

4 Conclusions

Thus, the problems of minimizing energy losses, saving
production and logistics resources are relevant and have
a continuous nature. First, increasing the scale of
production increases the volume of consumed raw
materials, materials, fuel and energy resources, as well
as the number of labor resources that ensure the
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reproduction process. Secondly, the depletion of mineral
reserves increases the cost of raw materials and
materials, which is directly proportional to the price of
semi-finished and final products.

The study revealed the main trends in the energy
consumption of petrochemical plants in order to
determine the level of development and efficiency of
resource-saving technologies at the enterprises of the
petrochemical complex of the Republic of Tatarstan.
Traditionally, the largest amount of energy consumption
is observed in the production of chemicals - 0.109 rubles
per unit of production. At the level of 0.036 rubles is the
energy consumption of enterprises for the production of
petroleum products and enterprises for the production of
rubber and plastic products. The lowest value of fuel,
energy and water consumption is noted in the extraction
of crude oil and natural gas - 0.028 rubles per unit of
production. Practically for all types of resources with
existing technologies and the organization of the
movement of material flow in logistics chains there are
losses associated with the use of energy resources in
production, transportation and consumption.

To date, the energy market has almost completely
formed new conditions and opportunities to improve the
efficiency of energy resources, not only through the use
of internal energy reserves, but also as a result of the
realization of new opportunities provided to consumers
of energy products in a liberalized electricity and
capacity market.
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