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ABSTRACT

The article describes an economic and mathematical multi-criteria model for the interaction of large and small
(medium) industrial enterprises in oil refining and petrochemicals. The use of economic and mathematical
modeling allows us to develop possible hypotheses in order to obtain additional information about the object of
study, which is not available in the implementation of real business processes. Key criteria for optimizing the
interaction of enterprises in the oil refining industry are given. Current conditions make it possible to bring
priority criteria for optimizing the activities of enterprises in the oil refining industry to certain limit values.
These include maximizing profits, minimizing reduced costs and maximizing value added. The constructed
model gives a justification of the boundaries of the interests of large and small (medium) industrial enterprises
in oil refining and petrochemicals, taking into account the criterion of maximizing profit. As an example, the
article considers the interaction of industrial enterprises of various forms of utilization of by-products of oil
refining and the development of petrochemical industries. A brief description of the spheres of interests of large
and small (medium) industrial enterprises in oil refining and petrochemistry is given.
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1. INTRODUCTION

Speaking about industrial entrepreneurship at the moment,
we can safely say that its hidden potential exists in each of
the sectors of the national economy [1-4]. It is possible to
identify its level in the oil refining and petrochemical
industries using a specially developed author's
methodological approach. His assessment of the potential
has a clear value of 5.52 points [5]. This corresponds to the
interpretation of the "average" value of the potential over
the interval [1: 10]. It is possible to apply unused potential
(it is profitable to realize it) at small and medium industrial
enterprises. Ultimately, this will lead to an increase in the
efficiency of oil refining and petrochemical production, as
well as the development of the complexity of processing
valuable raw materials. Realization of the potential will
allow generating additional tax revenues and creating
additional jobs.

To effectively realize the identified and unused
opportunities, you will need to organize and conduct
additional business events. It will be necessary to simulate
upcoming activities at the oil refinery complex in advance
for the implementation of this project. Using economic and
mathematical modeling of an object, it is necessary to select
the most significant characteristics for consideration, while
minimizing non-essential.

Using modeling, we will create possible hypotheses in order
to obtain additional information about the object that is not

available in the implementation of practical activities [6]. In
addition, modeling complex structures, such as a crude oil
refining complex, will significantly reduce the costs
associated with the direct collection of information. The
construction of multidimensional models of such objects
and the formalization of the relations of their basic elements
among themselves will create the possibility of quickly
filling the remaining gaps in the existing knowledge about
them and identifying new qualitative types of problems that
were not immediately possible to foresee.

The value of virtual systems research lies in the fact that the
data obtained during modeling are often superior to those
that would become available in real research [7]. They are
much wider and more accurate. Their nature is almost
identical, but much less time and money is spent on their
production [8]. All this proves the high efficiency of
building models, and also allows you to visually evaluate
how comprehensive and reliable the data are when
comparing them with the results collected bit by bit in
reality. The methodological justification of modeling
assumes that the construction of models is based on the
postulates of a system and optimization approaches.

2. BACKGROUND

The urgent problem is the closest interaction of large and
small (medium) industrial enterprises in oil refining and
petrochemicals [9-12]. To solve this problem, it is not
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enough to optimize the distribution of the volume of
products produced by the refinery between its various
consumers (groups of enterprises of the petrochemical and
related industries). It is necessary to find the boundaries of
interests between large and small (medium) businesses
within the industry.

The ability to efficiently systematize and manage the
activities of enterprises of various levels in the oil refining
and petrochemical industries is realized using a multi-
criteria model, which includes the achievement of three
basic conditions:

. maximum profit margin;
o highest value added,;
. lowest total reduced costs.

This model makes it possible to describe a procedure that
minimizes the existing discrepancies in supply and demand
for products of the oil refinery complex, characteristic of the
target market:

P

P P
ZApCrp—ZZVkkap—ZVpCp—>min,

p=1 =1k=1 p=1

where:

P — total number of product names derived from refining;
p —name of a specific product obtained from processing;
A, — indicator of demand for the p-th type of product in the
target markets, nat. units.;

Cr, — the price of the p-th type of product is market, rubles
/ nat. units.;

Vi, — output of the p-th type of product by the k-th
competitor, nat. units.;

Cy, — price of the p-th type of product of the k-th competitor,
rub / nat. units.;

K — total number of competitors in target sales markets;

V, — total output of the p-th variety of product, nat. units;
C, — selling price per unit of the p-th type of product, rubles
/ nat. units.

The model requires the following restrictions:

. material balance of a crude oil refinery;

. structure of the main and secondary products.

The material balance of the oil refinery assumes that the
total output of the enterprise for the entire manufactured
range and the volume of feedstock for processing (i.e. crude
oil) correspond to each other. As a result, we get:

L
Vt+ZVI,

P T
=1 =1

Z Vpj =
p=1 t
where:
T — total number of main distillation products;
L total number of by-products of oil distillation;
t — name of the main type of product obtained after
processing;
| — name of the by-product type obtained after processing;
Vi and V| — output volume of the t-th and I-th distillation
product, nat. units.
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where:

Q: and Q; — output volume of the main and secondary
categories of oil products;

d: — share of t-th in the total output of basic processing
products, share of units.;

d, — share of the I-th in the total output of by-products of
processing, share of units.

P
S =1, -5,

p=1
where:
V, — refined oil volume, million tons;
F, — total production losses, million tons.
The structure of the main product can be described by the

formula:
z d, =1

t=1

And the structure of the by-product can be described by the

formula:
L
Z dl == 1
=1

To create the model of the oil refinery under consideration,
three local conditions for obtaining optimality must be
fulfilled.

According to the first of them, the maximum possible profit
is maximized, taking into account various options for the
capacity utilization of the refinery (it depends on the
investment options used to establish and develop
production). To do this, the objective function, which
maximize the absolute value of the amount of profit, is
represented in the value of the calculated profit. The general
view of it is reflected in this formula:

P
Z((Cp = Zx, — aZy,)V, — S,) — min,
p=1

where:

S, — the amount of taxes paid in the production of p-th
products, million rubles.;

Zx, — variable costs upon receipt of a unit of the p-th type of
product, rub / nat. units;

Zy, — fixed costs upon receipt of a unit of p-th type product,
rub / nat. units;

a — the ratio of unit constant costs to the changing volume
of the final product in fractions of a unit.

Vo1

=
sz
where:
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Vp1 and Vp, — output volume of the p-th product in physical
terms before and after its change over the observed period,
nat. units.

It is known that crude oil refining and cracking lead to
various products. By economic and technological
differences, they are classified as primary (target) and
secondary (incidental). The first are low-boiling light
fractions, in the volume of which large proportions of
hydrogen and carbon are observed. Target products, as a
rule, include gasoline, diesel fuel and kerosene. From an
economic point of view, the physicochemical composition
of these petroleum products is most valuable. By-products
are actual waste from the processing of light fractions. By
economic indicators, they are less profitable, although they
find their application. These are gas fractions, bitumen, tar,
sulfur, coke and technical oils. Given this separation, the
function of the intended purpose for obtaining the
maximum possible profit by business entities will look like
this:

T L
ZUtVt+ZUle - max,
t=1 =1

where:

U and U, — profit margins remaining from the sale of units
of the t-th and I-th products.

It is also necessary to keep in mind the existing dependence
of economic efficiency on the structure of products
produced, related to the volume and complexity of oil
refining processes, as well as to the qualitative components
of crude oil. Given the different profitability of products,
any changes in the production and consumer structures can
be a good impetus to improve financial and economic
characteristics. If we take into account the structural
component of each manufactured product, then the type of
the target maximizing function to obtain the maximum
possible profit changes:

T L
Z Ut dtQt + Z Ul del - max,
t=1 =1

The second condition maximizes the value of the resulting
value added. It is determined by the difference between the
total revenue from the sale of the product and the cost of
acquiring the necessary raw materials. Given some
correlation between this criterion and the previous one, they
have different effects on processes related to management
optimization in crude oil refineries.

Oil refining and petrochemicals are branches of the national
economic complex, a distinctive feature of which are the
relatively high costs of acquiring the necessary raw
materials and materials, as well as paying for energy and
depreciation. Therefore, they are considered not only
material-intensive, but also energy-intensive, as well as
capital-intensive. But the specific nature of the crude oil
distillation process allows you to get the bulk of the fuel and
energy resources necessary for technological purposes at
the enterprise from refined raw materials.
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The bulk of Russian oil refineries are firmly tied to
vertically integrated oil corporations (vertically integrated
oil companies), and also operate on tolling schemes. Their
report on the production cost category does not contain a
column of the cost of crude oil coming to them for
processing. But a very significant division of costs at any
refineries is allocated to mandatory depreciation. As a
result, depreciation itself becomes the main component in
the value-added indicator.

In this case, growing deductions for depreciation open up a
number of new ways to increase the scientific and
technological development of the entire complex under
consideration. And the opportunity to bring the indicator to
the maximum shows how much the scale of activity has
expanded and the number of redistributions in oil refining
has increased. Thus, we express it as an objective function
that maximizes the total amount of added value, taking into
account the range of oil products and the options for using
the capacity of the refinery (depending on the investment
projects proposed for the creation of production and its
development). In general, the target function will receive
the following form:

T L
D (6= 6)dQe + ) (€= 6)diQ, — max,
t=1 =1

where:
C:— unit cost of the main t-th product obtained from oil, rub
/ nat units;
C,—unit cost of by-product of the I-th product obtained from
oil, rub / nat units;
Gt — material costs in the production of the t-th unit of
production, rubles / nat. units;
G — the cost of materials for the production of the I-th unit
of production, rubles / nat. units.

And the following equality will limit this function:

T L
ZGt+ZGl=SD—FrD+MO,
1 =1

t=

where:

S, —total cost for a given volume of raw materials V,, rubles;
Fr, — processing losses, expressed in cost form, rubles;
M,— consumption of materials for the distillation of a given
volume Vo, rubles.

The third condition is the lowest total reduced costs. It will
be described by the objective function, which minimizes the
reduced total costs of producing both the main and
secondary types of products:

T L
Z W, d.Q, + Z W, d,Q; —» min,
t=1 =1

where:

W — reduced costs for the production of a unit of production
of the t-th type, rubles;

W, — reduced costs for the production of a unit of production
of the I-th type, rubles.
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To develop a concept for the oil refining and petrochemical
industries, it should be borne in mind that with an increase
in the quality component of the main product, the output of
by-products increases. This creates the need to expand
markets for their implementation or to increase the volume
of forced disposal. In order to increase the consumption of
by-products, the creation of a kind of supply chain that
unites small and medium enterprises will be required.
Large business entities (refineries) have the choice of
subsequent interaction or non-interaction with medium
(small) business to solve the problems of recycling by-
products of their production. In order not to make mistakes
in choosing an alternative, they will need to determine the
criteria that reflect the benefits for large representatives of
industrial entrepreneurship in these sectors. Most of
Russia's oil refining business today is owned by vertically
integrated oil companies operating within the global mega-
economic level. The scope of their interests does not include
the development of the country's regions and the levels of
economic or technical improvement of enterprises
operating separately in their composition. The current
specifics of entrepreneurship at this level in this area is
based only on maintaining the level of marginal profitability
of the main business processes. These companies use fixed
assets, created mainly in the Soviet economy, and avoid
investing in the expansion of these objects. Some
investment projects are financed by them only according to
the requirements of state authorities, or to comply with
global technical regulations (for example, the acquisition of
production lines for the production of fuel of European
standard-3, 4, 5).

Also, the activity of a large sectoral business is state-
forming (system-forming). If the high level of profitability
in the oil refining industry decreases, it will freely withdraw
capital from it and invest in another (for example,
metallurgy). It will not be stopped by the risks of competitor
interference and all kinds of barriers when entering new
markets. In order to continue territorial development,
stimulate these sectors and reduce the difficulty of using
raw materials, the government should stimulate large
businesses to support small and medium-sized enterprises
in oil refining and petrochemicals. It is possible to create
conditions for the interaction of subjects of large and small
(medium) industrial ~ entrepreneurship through the
implementation of state socio-economic programs,
environmental and innovative projects.

Given the above, the presence of large business in these
areas is determined only by their profitability. Studying this
phenomenon, you can apply the formula, which reflects the
interests and degree of attractiveness for large and small
(medium) entrepreneurs of projects related to the creation
of industries that process the I-th product, obtained as a by-
product after oil refining:

y U, + 5,
C_Cc_ch_ﬁPyc‘

where:
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V. — production volume of c-th product obtained from a by-
product of oil distillation, guaranteeing profit Uy, nat. units;
U, — profit of a large business from the production of
economically profitable products (currently satisfying it),
million rubles;

S. — the amount of tax deductions from the sale of c-th
production, million rubles;

Px. — the costs of obtaining a unit of c-th production are
conditionally variable, rubles / nat. units;

Py. — the costs of obtaining a unit of c-th production are
conditionally constant, rubles / nat. units.

5 —ratio of fixed costs per unit of production to the changing
volume of the final product in fractions of a unit.

VCZ
where:
Va and V.2 — output volume of the c-th product in physical
terms before and after its change over the observed period,
nat. units A graphic reflection of the boundaries of
intersecting interests between medium (small) and large
industrial enterprises is shown in the figure 1.

Ur

I'e

Area of interest Area of interest
of small and of large
"IL’d”l".’ L'"prrises
enterprises

Figure 1 The boundaries of intersecting interests
between medium (small) and large industrial enterprises

3. CONCLUSION

When the level of demand in the consumer market for s
products obtained as a result of processing a by-product of
the industry is less than the estimated V. and more than the
break-even Vz., it is in the interests of small and medium-
sized businesses. At the same time, in order to get rid of the
by-products of its production, it becomes convenient for a
large business entity to develop interaction with these
structures with high capabilities.

After the real level of demand and the volume of sales of
products by small (medium) industrial enterprises becomes
equal to V. or begins to exceed it, large enterprises will
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already be profitable to produce it, and this product will
automatically be in their area of interest. As a result,
representatives of a large business (in this case, an oil
refining association) will try to absorb a small enterprise
that processes their by-product or to finance the creation of
a similar production facility with a capacity exceeding V..
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