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ABSTRACT

The article examines the possibility of using the methods of balance analysis for the development of digital models for
managing the production assets of thermal power plants. It is shown that the balance method is suitable for compiling
universal input-output matrices, which can be used for a mathematical description of the expenditure of financial and
material resources in the production process of a power plant. An economic and mathematical model of the production
assets management system in the form of matrix equations of price, added value, output and supply of energy resources
and products is proposed. The developed model provides dual links between economic and technological factors of
production and allows organizing the management of production assets of a power plant directly according to the economic

effect of their use.
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1. INTRODUCTION

The purpose of asset management is to manage their
value, which should be considered as the main indicator
of asset quality. In this case, value means the beneficial
effect that the owner of the asset can derive from its use.
Thus, the owner of the asset does not need the asset itself
as such, which is inherently an artifact, but the function
that it performs and the value obtained in the process of
performing this function. In market conditions, this value
can be characterized by the economic effect achieved
from the operation of the equipment and the cost of
owning this production asset [1, 2].

The production assets of thermal power plants in
Russia include many units of power equipment
interconnected by a single technological process. To
ensure reliable and continuous operation of the station, it
is necessary to organize the planning of operation, repair
and modernization of production assets from the position
of increasing their value in production and economic
activities. The organizational and methodological support
for the implementation of these processes is assigned to
the information system for managing production assets.

One of the key problems in building an effective
system for managing the production assets of thermal
power plants is a high level of capital intensity of fixed
assets of generating enterprises associated with the
specific nature of the process of generating electricity and
heat and supplying it to consumers [3, 4]. Thus, carrying

out maintenance, repairs and implementation of programs
for modernization and technical re-equipment of the
station requires attracting large investments in the context
of the existing shortage of financial resources in the
industry. Accordingly, special attention should be paid to
the economic substantiation of investment programs and
projects, prioritizing the inclusion of equipment in
investment programs and assessing the risks of their
implementation. Incorrect distribution of limited
investment funds in programs for technical re-equipment,
reconstruction and repairs at TPPs significantly reduces
the level of its competitiveness when operating in the
conditions of the wholesale electricity and capacity
market, leads to an increase in the cost of energy products
for consumers and creates a threat of disruption to their
stable energy supply.

The use of various scientific and methodological
approaches by generating companies to the organization
of information systems for managing production assets
led to the uneven development TPPs both by territorial
location and by year. Due to the fact that more than 68%
of the installed capacity of the stations operates in the
unified energy system of the country, a decrease in the
operating efficiency of a generating company has a
significant impact on the cost and balances of capacity
and energy from other producers [5, 6].

The industry needs to form a unified methodology for
constructing information systems for managing
production assets, which should be based on a generalized
digital model describing the operation of TPPs from the
standpoint of the value of assets used in market conditions
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and the consequences of their disposal at the end of their
service life for both the generating company and the
energy system as a whole. Structurally, such a model
should be suitable for describing the operation of any
thermal power plant, and their specificity of operation
should be taken into account when choosing the values of
the model coefficients.

2. BACKGROUND

The main activities of thermal power plants are the
production and sale of electricity and heat. In modern
market conditions and requirements for ensuring the
continuity of power supply, TPPs believe that, on the one
hand, each ruble invested in a production asset should be
profitable, and on the other hand, it should increase the
reliability of equipment operation. Thus, the optimal
management of production assets should be built on the
basis of the best balance between income and risks of
equipment failure.

A complex indicator of effective management of
production assets is the economic effect from owning a
production asset, which can be determined as the
difference between income from the sale of energy
products created using the asset and the cost of owning
the asset (Figure 1).

The economic effect of owning an asset

Income T Asset ownership cost
from
product -
sales exczflg?tlur + Maintenance | + Exploitati
P os costs on risks

Figure 1 Formation of the economic effect from the
operation of the production asset

The cost of owning an asset is determined through
such indicators as capital investments in equipment, costs
of technical re-equipment, reconstruction and repairs, and
also includes operational risks [7, 8]. Risks here mean the
amount of economic damage that may arise in the event
of equipment failure due to improper maintenance.

To achieve the goals of optimal management of
production assets, it is necessary to maximize the
economic effect of their operation, which can be achieved
by maximizing income from their use while minimizing
the cost of ownership.
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When building digital models for managing
production assets, as a rule, the cyclical nature of the
equipment operation process is taken into account.

At the beginning, a description of production assets is
carried out, the main business processes of the enterprise
and available resources are identified, regulatory and
technical documentation is analyzed and the condition of
equipment is monitored. The result is systematized data
on assets and their technical condition.

Further, on the basis of the data obtained, aggregated
technical and economic indicators are calculated and a
map of the equipment condition is formed. On its basis,
an algorithm for prioritizing equipment is formed to
include it in investment programs. A feasibility study of
the optimal composition of equipment and the term of
work is being carried out.

At the subsequent stages of the formation of a digital
model, calendar and resource planning of works and
tracking of their implementation are carried out. It is
possible to use three approaches to building digital
models of TPPs asset management [9, 10]:

e Based on the criterion of ensuring a given level
of reliability of the operation of power
equipment;

e Based on a step-by-step approach;

e Based on the organization of management of the
achieved economic effect.

Management according to the criterion of ensuring a
given level of reliability of power equipment has a
number of limitations associated with the complexity of
statistical data analysis. Statistics on failures and changes
in the state parameters of a single equipment cannot be
obtained, since it presupposes the presence of an array of
equipment of the same type operated under the same
conditions. At the same time, the main generating
equipment at TPPs is unique and designed for different
operating modes. This feature of power plants limits the
use of statistical methods of the theory of reliability.

The most common is the stepwise approach. At the
first stage, the main business processes of TPPs are
automated and the storage of information necessary to
meet the requirements of regulatory and technical
documentation is ensured. At the second stage, reliability
management processes are introduced. At the third stage,
the transition to managing the cost of ownership of
production assets is carried out. At this stage, the costs of
operating the equipment are determined, which makes it
possible to prioritize equipment replacement in terms of
costs. At the last stage, already taking into account the
income component from the ownership of production
assets, there is a transition to managing the economic
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effect. Here, the profit earned from the operation of a
production asset is determined (Figure 2).

Benefits management model

Reliability .
CAcicr Cost of ownership
As-is” model management
model management model

Figure 2 A stepwise approach to digitalization of the
production asset management system

As the transition from stage to stage, the information
model of the production asset management system
expands, new information on the production asset and the
history of decision-making on its maintenance and
modernization are added.

The most difficult, but at the same time extremely
important task is the formation of digital management
models for the direct economic effect derived from the
use of a production asset. When it is known which asset,
how much and at what point in time makes a profit, it is
possible to quickly develop optimal management
decisions to maximize the economic effect while ensuring
the necessary requirements for the reliability of
equipment operation. The development of such models
requires the use of balance analysis methods, which allow
linking the production process with the economy of a
thermal power plant.

3. METHODS

Balance methods are based on the intercomparison of
the available material, labor, financial resources and the
needs for them in the framework of the production
activities of the enterprise.
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Mathematically, a balance model is a system of
equations that satisfies the requirement of matching the
availability of resources and their use. The balance
method is necessary to maintain proportions in order to
ensure the continuity of production.

The most well-known balance model is the input-
output balance model, which is used for reasonable
planning of input-output flows for given quantities of
final products. The development of the input-output
balance is associated with the name of the Nobel Prize
winner (1973) Leontiev and his proposed model for
analyzing input-output interindustry relations [11- 13].

Leontief model considers an economy consisting of
industries producing one type of product, and the
relationship between output and costs is described by
linear equations. This model uses a balance sheet
consisting of four quadrants that reflect the stages of the
production process (Table 1).

The balance sheet is divided into four quadrants. The
first quadrant reflects inter-industry material ties in the
form of flows, which represent the value of the means of
production consumed in the industries, and characterizes
the fund for reimbursing material costs. The second
quadrant contains the final products of industrial sectors,
which go to final consumption and accumulation, and
characterizes the material structure of total income. The
third quadrant characterizes the total income in terms of
its value composition as the sum of net production,
including wages and net income of industries. The fourth
quadrant reflects the total income created over the period,
its final distribution and use. Summing up the balance is
the correspondence of the total amount of the created total
income in the form of the final product to the volume of
the consumed product. Table 2 shows the main
characteristics of the input-output balance.

Table 1 Schematic diagram of the input-output balance model

Producing Consuming industries | Final product Gross
industries product
1 j n
1 X11 Xij Xin Y1 Xy
. | 1 ...
i Xi1 Xij Xin Xi
n Xn]_ an Xnn Yn Xn
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Net income my m; My my -
Gross product X X; X - S :
p 1 j n Z; X, = X,

242



ATLANTIS

PRESS

Advances in Economics, Business and Management Research, volume 171

Table 2 Mathematical expressions of the main characteristics of the input-output balance

Characteristic

Mathematical expression

Cost structure of production sectors

X, :inj +(v;+m;), =1n

i=1

consumption

Balance between production and

X;=> % +Y,i=1n
=L

Equality of total net production and final

i(vj+mj):zn“Yi

product
Intermediate product noo
X=2.2.%
i=1l j=1
Technological matrix - X;
A:(aij) T ij X_

Input-output model

X; =D aX;+y,i=Ln
=

The analysis of scientific works on the use of the
balance method for compiling input-output matrices
demonstrates its versatility and efficiency [11-16].
Consequently, it can be used to describe the processes of
TPP functioning by creating a single matrix model
describing both economic and technological processes of
TPPs. This will make it possible to form a digital model
of power plant asset management in terms of the
economic effect derived from their use.

The technological structure of a TPP can be
represented by three main blocks: an electric generator, a
steam turbine and a boiler unit [17- 19]. An electric
generator receives energy from mechanical motion from
a steam turbine, which in turn receives energy from a
boiler unit. This forms the basis of a three-tier matrix
representation of TPPs (Figure 3).

Electric
generator

Boiler unit Steam turbine

Figure 3 Block diagram of the technological process of
a TPP power unit

The TPP control space can be divided into subspaces
of financial and production resources. Production
resources include technical production systems, and
financial resources - revenue, payment of labor resources
and profit.

The output and price of energy products is described
by linear algebraic equations "price - costs - added value"
for financial resources and "output - costs - supply" for
material resources spent in the production process. The
result is two systems of linear algebraic equations with
unknown prices and supplies of energy products, and the

number of unknowns and the number of equations are
equal. For compact writing and solving a system of linear
algebraic equations, you can use matrices for financial
and production resources.

Thus, the balance modeling method allows one to
obtain matrix models of financial and production
processes of TPPs and to study the mutual influence of
production technology and financial activities of a
generating company.

In practice, the structure of the production assets of a
generating company is complex and multidimensional,
the equipment of a power plant is linked to each other by
a web of mutual costs and expenses. Arbitrarily allocating
a group of assets and discarding the rest of the equipment
will lead to the break of these connections and the
occurrence of management errors. This can be avoided
only by building a complete matrix of TPP equipment
with the utmost detailing of mutual relations.

The balance method allows partitioning the control
space into subspaces, and the control result does not
depend on the number of subspaces in the partition.
Therefore, any group of TPP equipment can be separated
from the complete matrix by sectioning. In this case, the
discarded links do not disappear, but are mathematically
precisely added to the remaining links of the TPP.
Sectioning should correspond to the selected structure of
the TPP technological process.

4. RESULTS AND DISCUSSION
The application of the considered balance method

allowed us to propose a digital model for managing the
production assets of thermal power plants.
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The model is based on matrix analysis of the
production asset management system, which can be set in
the form of the following equations:

(1_ Ak)pk =V
=g D

A-By)y. =¢
where Ai, Bix - matrices of costs of financial and
material resources, p, vi — price and value added per unit
of energy, r; — profit, w; - payment of labor resources, yx —
energy output of the k-th sector, c; - energy supply of the
i-th sector.

The first equation is the equation of financial
resources costs. The second equation describes the
structure of value added, consisting of profits and labor
costs. The third equation reflects the output-supply of
material resources, which are the production assets of the
enterprise.

The matrix of costs of financial resources is a
transposed matrix of costs of material resources Bix=
(4i)". This reveals the duality of the spaces for managing
the financial and production assets of the enterprise.

Based on the equations made and the known cost of a
unit of energy supplied to consumers in each sector of the
control space, it is possible to determine the added value,
as well as the profit and payment of labor resources of the
allocated sectors. Similarly, from the known values of the
energy output of each sector of the control space, it is
possible to determine the volumes of energy supply
supplied to consumers.

The inverse problem can be solved in accordance with
the following equations:

P = (1_ A(i)_lvi (2)

Vi=hL+W,
Y == Bki)ilci

The cost of energy px is equal to the sum of the added
value v; multiplied by the matrix of expenditures of
financial resources. The energy output yx is determined by
the sum of the energy output of the sectors c; multiplied
by the matrix of material resources costs.

These equations allow for the known value of the
price of energy resources to determine the added value,
which should be established in order to ensure the
required level of profit, and according to the volume of
supply to energy consumers, each sector can determine
the plan for their production.

Cost matrices describe the structure of energy costs of
a thermal power plant included in the conditionally
variable costs. These costs have the following structure:

e  Fuel costs (gas, coal, fuel oil, other fuel);
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e  Purchased electricity (power);
e Heat transfer services;
e  Water for technological needs.

e Value added includes profits, labor costs and
conditionally fixed costs.

The conditionally fixed costs of TPPs include:

Depreciation of fixed assets and assets;
Works and services of an operational type;
Insurance premiums, taxes and fees;
Other expenses related to product sales.

The resulting matrix equations of price and value
added, output and supply of energy make it possible to
dually relate economic factors of production (added value,
profit, payment of labor resources) and technological
processes of electricity and heat production at TPPs. Thus,
a solution to the problem of organizing the management of
production assets will be achieved directly according to
the economic effect of their use.

5. CONCLUSIONS

Overall, production asset management is one of the
key elements of the economy of a generating enterprise.
It is worth striving to build a system of asset exploitation
based on management directly according to the economic
effect. This can be done through the development of
digital models for managing the financial and material
resources of the power plant.

The results of the study of the input-output balance
model showed that this dynamic balance model can be
adapted to build a digital model of the production activity
of TPPs, which will allow linking the characteristics of
the technological process of energy production and the
economic indicators of the thermal power plant.

The use of the balance method made it possible to
mathematically  describe  the  production  asset
management system in the form of matrix equations of
price, value added, output and supply of energy resources
and products. The developed model provides dual links
between economic and technological factors of
production, which allows organizing the management of
power plant assets from the standpoint of the best ratio of
income from their use and the cost of maintaining
reliability.
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