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Abstract: The article describes the Data Envelopment Analysis (DEA) method and the main features of its
application. The main problems of heat and power systems are described, which are addressed by the DEA method
of efficiency assessment presented in the article. The approbation of this method is presented at the objects of the
centralized municipal heat supply system of the fuel and energy complex: boiler houses and heat and power plants.
9 objects were analyzed according to four input indicators: available heat capacity, installed heat capacity, heat
consumption for own needs, fuel consumption. Also, the efficiency of the system was evaluated according to two
output indicators: the release of thermal energy to the grid and the mass of the emission. As a result of the analysis
and calculations made, it was revealed that 5 objects have the maximum possible efficiency indicator equal to 1,
that is, they function as efficiently as possible. 4 objects of the centralized municipal heat supply system have an
efficiency indicator less than 1. Accordingly, improvements are required for the operation of the above
Decision-Making Units (DMU)s. These objects have deviations in terms of the inputs and outputs of the actual data
and those obtained using the DEA method. Based on the calculations obtained for these 4 objects, the article
provides recommendations for changing the quantitative values of their input and output indicators. For example,
for object number 2, it is recommended to reduce the installed heat capacity in the grid by 72.57%, without
changing the available heat capacity and fuel consumption. Reduce the heat consumption for your own needs by
69.383%. In addition, it is recommended to increase the supply of thermal energy to the grid by 6,034%, and reduce
the mass of emission by 11.5%. Specific measures have also been developed to modernize the studied objects in
order to achieve the recommended indicators of inputs and outputs. The research results presented in the article are
of scientific and practical interest and can be used to improve the efficiency of heat and power systems facilities.
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1 Introduction natural sources in the absence of the possibility for
their renewal, and in this regard, the increase in

A significant increase in the production and - o
prices for electricity, water, heat makes us take a

consumption of energy resources, the depletion of
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new look at solving the problem in the efficiency of
their use and the work of enterprises producing and
processing such resources. All this determines the
importance of scientific research to improve the
efficiency of technical systems in the fuel and
energy complex.

In modern conditions of rapid technological
development, it is necessary to evaluate the
efficiency of heat and power systems and develop
and implement an interdisciplinary approach related
to considering various aspects of the latest
developments when assessing the effectiveness of
complex systems with a large set of parametric
indicators. This increases the importance and
interest in new approaches to the mechanical design
of heat and power systems of the fuel and energy
complex when optimizing their main parameters.

Global trends in scientific and technological
development orient modern fuel and energy sector
organizations to carry out activities to improve the
efficiency of the enterprise, corresponding to
modern principles of activities organized and the
best international practices. And also, to increase
competitiveness, it is necessary to ensure the
transition to advanced digital, intelligent production
technologies that help to increase the efficiency of
modern fuel and energy enterprises.

One of the most problematic, requiring
modernization and technical development, is the
centralized municipal heat supply of the fuel and
energy complex. Their functioning is a very
complex and time-consuming process, the
effectiveness of which is often not evaluated
systematically in practice by organizations due to
the presence of a large set of parametric indicators.
Such calculations are quite difficult to carry out
without the use of computer technology and modern
programming technologies. In this regard, it is
possible to evaluate the efficiency of the fuel and
energy complex's centralized municipal heat supply
system and develop recommendations for further
optimization of such a system.

There are several methods for evaluating the
effectiveness of complex systems. In previous
publications, we conducted a comparative analysis
of them, from which we concluded that the
maximum effectiveness of using the DEA method in
solving problems in these articles [1, 2]. By this, it
seems possible to form a methodology for
evaluating the effectiveness of complex hierarchical
systems for centralized municipal heat supply of the
fuel and energy complex based on the DEA method.
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2 Problem Formulation
When operating complex technical systems,
various problems arise that require analyzing a
large array of parametric data.

This is why the emergence of a new
methodology for evaluating technical systems
using computer and programming technologies.
In this regard, it has recently become quite
relevant to consider the solution of technical
problems using system analysis methods.

The orientation of the management concept
of any organization on the productivity and
efficiency of its activities requires the use of
best practices for evaluating business metrics,
which forms a set of new approaches to
understanding the organization's activities
quality and, consequently, its viability. In
addition, this concept reflects the efficiency of
the studied system during the conversion of
certain inputs into outputs.

In solving practice-oriented management
tasks, the analysis of complex systems
functioning has become widespread due to the
presence of direct dependence of improving the
effectiveness of planning and management in
various fields of activity on the study of such
systems effectiveness, while observing the main
criterion: making decisions relevant to certain
conditions in which the reproduction process of
system objects is carried out. Therefore,
studying the effectiveness of the complex
system in all spheres of human activity has
received increased attention in recent years.
Depending on the subject area of the study,
different approaches are used. However, many
methods have been developed that are used to
evaluate the effectiveness of objects in a
reasonably wide class of technical systems.

For example, in [15], scientists describe the
possibility of applying the knowledge obtained
so far about bounded additive models to
construct models of the directed distance
function in DEA. These assumptions give rise
to a completely new type of limited and
partially limited models and test a new
approach on a real set of agricultural panel data.
This article is continued in the research of
another group of scientists [7].

The researches of Takano et al. [16] are
devoted to one of the directions of resource
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allocation in complex systems. Shao et al. [17]
also suggest applying the DEA method to
evaluate the effectiveness of a grid of branches
in a large enterprise with a centralized
management structure.

In their article [18], scientists introduce the
DEA approach to search for the most effective
information system projects, considering the
subjective opinions and intuitive feelings of
decision-makers. The first studies in this area
were conducted a little earlier in [19]. The
approach proposed in the article is confirmed by
a real practical study on the example of a large
financial institution, where various information
projects of the enterprise were analyzed.

The choice of the DEA model depends on
the number of input and output variables. This
conclusion is made by the above-mentioned
authors, and this idea is also developed by
Branda M and Kopa M in their study [20]. This
can be avoided by reducing the dimension of
the variables. But since the lost information can
also affect the effectiveness of the assessment,
Xie et al. [21] describe a new approach to
increase the discriminatory power of DEA
without losing any information about variables
and without the need for any additional
preferential information [22].

Many Russian [23, 24] and foreign [25, 26]

authors believe that to obtain a more reasonable
assessment of the current performance of a complex
system and predict its future performance, it is
desirable to consider the structure of the system
itself.
When a system is hierarchical, to obtain a
reasonable assessing the effectiveness of the entire
system, it is necessary to consider the effectiveness
of subsystems at different levels of the hierarchy.
Russian scientists E. P. Morgunov and O. N.
Morgunova come to this conclusion in their research
[27]. They suggest that it would be advisable to
present the procedure for evaluating the efficiency
of complex hierarchical systems in a formalized
methodology. They propose to build such a
methodology based on the DEA method.

3 Problem Solution

DEA is a convenient tool that helps measure
the production efficiency of the system we are
interested in, that is, an organizational unit.
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This method is one of the ways to evaluate
the production function if the output is not
scalar, but vector, or in other words, when
several types of products are produced [27].

The DEA method is a boundary method.
Since it is based on the construction of the
efficiency boundary. This boundary can be
represented in the form of a convex hull or a
convex cone in the space of points of input and
output variables of the studied objects, the
studied population. We can say that the
efficiency boundary wraps around, or wraps
around the points corresponding to the studied
objects in multidimensional space. The
efficiency boundary is used as a reference
("reference point") to obtain a numerical value
for evaluating the effectiveness of each of the
objects in the studied population. The degree of
objects proximity to the efficiency boundary in
the multidimensional space of inputs and
outputs determines the degree of efficiency of
the analyzed objects. The points lying on the
efficiency boundary are the most effective
objects.

The construction of the efficiency boundary
is carried out by repeatedly solving the linear
programming problem [27].

The system for which the comparative
efficiency is evaluated is called a module (unit)
or Decision-Making Unit (DMU) [28]. The
DMU uses certain resources at the input and
converts them into products of a specific type at
the output. The process diagram is shown in
figure 1.

)
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DMU,

input, output,
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inputy
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outputy
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Fig.1: Diagram of converting DMU inputs to
outputs.

The DEA method applies to various spheres
of human life, namely: financial, logistics,
industrial, and so on. Based on the broad
applicability, we can distinguish quite essential
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features of the DEA method. Each DMU is
assigned one value that characterizes the
relative efficiency of this unit. Effective units
act as a standard for inefficient ones.

All DEA models can be classified according
to two criteria [29]:

1) Orientation of the model.

2) The return to scale of the model.

The formula (1) by which the efficiency
value is calculated according to the DEA model
[3] is given below:

021
0 < Efficiency, = —< 1

0Z
(1)

Its value is always in the range from 0 to 1.

In previous articles [1,2], the methodology of
the proposed DEA method was described in
detail, and the process of forming an effective
efficiency assessment model using a decision
support system with the DEA method was
considered, the concept of a complex system
and its features were considered.

There are the following types of model
orientation: input-oriented models and output-
oriented models.

There are two types of returns to scale of the
model: constant returns to scale and variable
returns to scale [30]. Both models described
above are divided into models with constant
returns to scale (CRS) and variable returns to
scale (VRS), the return to scale, depending on
the impact of the objects activities scale on
efficiency growth.

In this publication, a complex system is
selected for testing the method — the centralized
municipal heat supply system in the city of
Krasnoyarsk, and the efficiency of its facilities
will be analyzed.

The functioning of the centralized municipal
heat supply system is a very complex and time-
consuming process that requires a rational
approach to the use of available resources. To
assess the effectiveness of such a process, it is
proposed to assess the effectiveness of complex
hierarchical systems based on the DEA method.
This method will contain indicators of optimal
parameters for all values of the system’s inputs
and outputs.
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Next, we will consider the problem for DMU
objects of the centralized municipal heat supply
system (heat and power plants and boiler
houses), using four input indicators and two
output indicators.

As input indicators, we use:

1. Available heat capacity (Gcal/hour).

2. Installed heat capacity (Gcal / h).

3. Heat consumption for own needs (Gcal/h).

4. Fuel consumption (thousand tons of
standard fuel).

As output indicators, we use:

1. Supply of heat energy to the grid
(thousand Geal).

2. Mass of emission (thousand tons per
year).

Set a goal — to increase the output volume
without increasing the input, that is, at a certain
power of each DMU equipment. We need to
increase the amount for the supply of heat
energy to the grid and reduce the number of
emissions, or, what is the same, increase the
deviation of the emissions mass from the
threshold value.

The Data Envelopment Analysis Program
(DEAP) software of New England University in
Australia, Professor T. Coelli, was used for
calculations [3].

Based on the project "Heat supply scheme of
Krasnoyarsk until 2033", objects of the city's
centralized municipal heat supply system were
analyzed, and observations were conducted for
three years.

When calculating performance indicators,
the output-oriented DEA model is used. This
article will describe a problem with four inputs
and two outputs.

As in previous publications, we will solve an
output-oriented task.

This study will use a variable return on scale
[3] since the data set is quite heterogeneous and
has a large spread. As a result, the coefficient of
variation is significantly higher than 33%.

Based on the results of the calculations, we
will form table 1, which will contain the initial
data of the object indicators — DMU and the
values of the recommended values of the input
and output indicators for all the considered
objects.

Volume 16, 2021



WSEAS TRANSACTIONS on POWER SYSTEMS
DOI: 10.37394/232016.2021.16.19

The input indicators are indicated in the table
as INPUT (x). The output indicators are
presented in the table as OUTPUT (y).

Table 1 shows the initial values for the
analyzed indicators.

Table 1. Source data — a list of DMUs,

inputs, outputs.

Department Performance indicator
(DMU)

Inputs and outputs The The
initial | recommended
value value

Object 1

Available heat 57.6 57.6

capacity

Installed heat 89.00 89.00

capacity

Heat  consumption 1.2 1.2

for your own needs

Fuel consumption 28.50 28.50

Supply of  heat 98.95 98.95

energy to the grid

Mass of emission 20160.40 20160.40

Object 2

Available heat | 153.20 153.20

capacity

Installed heat | 570.00 156.367

capacity

Heat  consumption 8.10 2.48

for your own needs

Fuel consumption 70.30 70.30

Supply of  heat | 423,39 448,94

energy to the grid

Mass of emission 15210.05 16958.43

Object 3

Available heat 631.5 631.5

capacity

Installed heat | 640.00 640.00

capacity

Heat  consumption 12.60 12.60

for your own needs

Fuel consumption 589.336 589.336

Supply of  heat | 1914.00 1914.00

energy to the grid

Mass of emission 9344.018 9344.018

Object 4

Available heat | 288.96 288.96

capacity

Installed heat | 295.84 295.84

capacity

Heat  consumption 1.20 1.20
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for your own needs

Fuel consumption 156.00 156.00

Supply of  heat | 442.63 442.63

energy to the grid

Mass of emission 21010.73 21010.73
Object 5

Available heat | 136.43 136.43

capacity

Installed heat | 139.60 139.60

capacity

Heat  consumption 2.03 2.03

for your own needs

Fuel consumption 39.60 39.60

Supply of  heat | 394.93 394.93

energy to the grid

Mass of emission 19752.82 19752.82
Object 6

Available heat | 339.85 339.85

capacity

Installed heat | 362.70 347.777

capacity

Heat  consumption 4.49 4.49

for your own needs

Fuel consumption 135.20 111.833

Supply of  heat 795.6 911.76

energy to the grid

Mass of emission 15568.4 25561.9
Object 7

Available heat 96.60 72.02

capacity

Installed heat | 118.00 118.00

capacity

Heat  consumption 1.70 1.543

for your own needs

Fuel consumption 33.75 33.75

Supply of  heat 82.83 110.94

energy to the grid

Mass of emission 19778.98 24922.69
Object 8

Available heat 373 366.57

capacity

Installed heat | 375.80 375.80

capacity

Heat  consumption 11.00 545

for your own needs

Fuel consumption 106.40 106.40

Supply of  heat | 433.39 1061.125

energy to the grid

Mass of emission 19290.39 27500.8
Object 9

Available heat 61.6 61.6

capacity

Installed heat | 113.80 70.36

189
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capacity Fuel consumption 0 0%
Heat  consumption 1.4 1.4 Supply of heat energy to 25.55 6.034%
for your own needs the grid
Fuel consumption 25.25 25.25 Mass of emission 1748.38 11.5%
Supply of  heat 70.36 70.36 Object 3 1
energy to the grid Available heat capacity 0 0%
Mass of emission 20768.55 20768.55 Installed heat capacity 0 0%
Heat consumption for 0 0%
When solving this problem, it is necessary to your own needs
reduce part of the output indicators. Namely, it Fuel consumption 0 0%
is essential to reduce the mass of emissions for Supply of heat energy to 0 0%
the studied objects, although they should be thegrid .
increased according to the DEA model. This is Mass of emission 0 0%
necessary for solving problems by the DEA gbjelczf' - - 0 1 oo
method when setting the final goal - reducing i V::ul? deh e? cap a?tl Y 0 00/0
the output indicator since, in this case, it is nstatleC ieal capactly >
. .. Heat consumption for 0 0%
required to reduce the mass of emissions [3,4]. your own needs
In this case, it is requlred.to use the calculations Fuel consumption 0 0%
not the values pf .the objects indicators by the Supply of heat energy to 0 0%
group of emissions themselves, but their the grid
deviation from the selected threshold value. Mass of emission 0 0%
Thus, the threshold value is assumed to be equal Obiject 5 1
to 22.000 thousand tons per year. This is the Available heat capacity 0 0%
maximum value for this indicator of the Installed heat capacity 0 0%
emissions mass from all ranked objects, Heat consumption for 0 0%
rounded to an integer value. your own needs
We will perform calculations using the DEA Fuel consumption 0 0%
method. The results obtained are presented in Supply of heat energy to 0 0%
table 2. thegrid
Mass of emission 0 0%
Table 2. Performance indicators — a list of gbj?‘lcif 0 . 5 0.873 oY
DMUs, the efficiency coefficient of the object, vallabe heat capacity =
deviation indicator. difference Installed heat capacity -14.923 -4.114%
2 T H ion ft 0
Department Performance indicator cat consumption for 0 0%
(DMU) your own needs
1 _ _ o
Inputs and outputs Difference | Difference Fuel consumption 23.37 172% /o
between in % Supply of heat energy to 116.16 14.6%
values the grid
Object 1 1 Mass of emission 9993.5 64.19%
Available heat capacity 0 0% Obj ?Ct ! - 0.794 5
Installed heat capacity 0 0% Available heat capacity -24.58 -25.445%
Heat consumption for 0 0% Installed heat capacity 0 0%
your own nee dIs) ° Heat consumption for -0.157 -9.235%
Fuel consumption 0 0% ﬁoui own neecig 0 0%
Supply of heat energy to 0 0% He? consumption L 5
the grid Supply of heat energy to 28.11 33.94%
Mass of emission 0 0% the grid — 5
Object 2 0.943 Ma§s of emission 5143.7 26.005%
Available heat capacity 0 0% Obj ?Ct 8 . 0.408
- Available heat capacity -6.43 -1.724%
Installed heat capacity -413.63 -72.57% - °
Heat consumption for -5.62 -69.383% Installed heat cap acity 0 0%
your own needs ’ ) Heat consumption for -5.55 -50.45%
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your own needs

Fuel consumption 0 0%
Supply of heat energy to | 627.735 144.843%
the grid

Mass of emission 8210.41 42.56%
Object 9 1
Available heat capacity 0 0%
Installed heat capacity 0 0%
Heat consumption for 0 0%
your own needs

Fuel consumption 0 0%
Supply of heat energy to 0 0%
the grid

Mass of emission 0 0%

Thus, table 2 presents all the calculated
indicators for clarity and the recommended
values calculated according to the proposed
methodology.

As can be seen from table 2, objects number
1, numbers 3-5, and object number 9 of the
centralized municipal heat supply system of
Krasnoyarsk function as efficiently as possible.
Therefore, their efficiency indicator is the
maximum potential value and is equal to 1.
Therefore, no intervention is required in the
operation of 5 objects of the city's centralized
municipal heat supply system.

According to the data presented in table 2,
you can also see that for objects with an
efficiency indicator less than 1. Furthermore,
there are deviations in the indicators of the
inputs and outputs of the actual data and the
recommended ones. Therefore, their efficiency
coefficient 1is less than 1, respectively;
improvements are required for the operation of
these enterprises to improve the function of the
centralized municipal heat supply system of
Krasnoyarsk as a whole. In particular, for
objects with the number 2 and numbers 6,7,8,
the performance indicators are less than 1.

Below we will present a description of the
performance indicators for these objects,
calculated using the DEA method and presented
in table 2. In order to achieve the recommended
performance indicators of the input and output
parameters for objects with number 2 and
numbers 6,7,8, it is recommended to make the
following changes to the input and output
indicators of these objects.
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For object number 2, it is recommended to
reduce the installed heat capacity in the grid by
72.57% without changing the available heat
capacity and fuel consumption. As a result,
reduce the heat consumption for your own
needs by 69.383%. In addition, it is
recommended to increase the supply of heat
energy to the grid by 6.034%, and reduce the
mass of emission by 11.5%.

For object number 6, it is recommended to
reduce the installed heat capacity in the grid by
4.114% without changing the available heat
capacity and heat consumption for their own
needs. It is recommended to reduce fuel
consumption by 17.28%. It is recommended to
increase the supply of heat energy to the grid by
14.6%, and reduce the mass of emission by
64.19%.

For object number 7, it is recommended to
increase the available heat capacity by 25.445%
without changing the installed heat capacity in
the grid and fuel consumption. Reduce the heat
consumption for your own needs by 9.235%. In
addition, it is recommended to increase the
supply of heat energy to the grid by 33.94%,
and reduce the mass of the emission by
26.005%.

For object number 8, it is recommended to
reduce the available heat capacity by 1.724%
without changing the installed heat capacity and
fuel consumption. As a result, reduce the heat
consumption for your own needs by 50.45%. In
addition, it is recommended to increase the
supply of heat energy to the grid by 144.843%,
and reduce the mass of emission by 42.56%.

Having studied the main technological
processes for the objects of the centralized
municipal heat supply system in the city of
Krasnoyarsk, it is possible to identify the main
recommendations for the modernization of
boiler houses and heat and power plants. In
order to achieve the recommended parameters
of input and output indicators for objects with
the number 2 and numbers 6,7,8, it is
recommended to modernize them through the
following measures:

e use of raw materials with a higher heat

transfer coefficient;

e the transition of boiler houses to hybrid

operation (electricity generation for own
needs);
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e the use of coal combustion products for
commercial purposes (processing and
reuse);

e the use of more efficient components and
mechanisms of equipment;

e introduction of computerized lines;

e reduction of heat losses in the system
through using new types of heat insulation.

4 Conclusion

Thus, this article proposed a method for
evaluating the efficiency of a heat and power
system by the DEA method. The essence of the
DEA method and the main features of its
application are described. The main problems of
heat and power systems, which this technique is
aimed at solving, are related. This method was
tested at the centralized municipal heat supply
system of the fuel and energy complex.

In recent years, DEA has been widely used
to assess the effectiveness of complex systems
in various fields. But, at the same time, the
method was not used to evaluate the functioning
efficiency of centralized municipal heat supply.

The DEA method helps to represent the
efficiency for an object of a technical system as
a numerical value by calculating one aggregated
indicator for each of the objects, using input and
output indicators. In the article, these indicators
are presented as efficiency indicators in table 2.
For example, for objects number 1, numbers 3-
5, as well as object number 9 of the centralized
municipal heat supply system, these indicators
are the maximum possible and equal to 1. And
for objects with number 2 and numbers 6,7,8,
the efficiency indicators are less than 1.

This article analyzes the main indicators of
input (available heat capacity, installed heat
capacity, heat consumption for own needs, fuel
consumption) and outputs (supply of heat
energy to the grid and the mass of emission) of
the studied enterprises. The recommended
indicators of these values are presented,
calculated using the DEA method to improve
the system's functioning as a whole. Nine
objects of the centralized municipal heat supply
system from among boiler houses and heat and
power plants of Krasnoyarsk were analyzed.
Five objects of the system work in an optimal
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mode. Therefore, it is not necessary to carry out
improvements for these enterprises.

Four objects of the centralized municipal
heat supply system in Krasnoyarsk have
efficiency indicators less than 1. Therefore, the
enterprises are not working in an optimal mode.
It is necessary to improve the indicators of
entrances and exits for these objects to improve
the operation of the city's centralized municipal
heat supply system as a whole.

Based on the results of the efficiency
assessment using the DEA  method,
recommendations are proposed to improve the
efficiency of the centralized municipal heat
supply system of Krasnoyarsk for four
inefficient facilities.

For object number 2, it is recommended to
reduce the installed heat capacity in the grid by
72.57% without changing the available heat
capacity and fuel consumption and reduce the
heat consumption for your own needs by
69.383%. In addition, it is recommended to
increase the supply of heat energy to the grid by
6.034%, and reduce the mass of emission by
11.5%.

For object number 6, it is recommended to
reduce the installed heat capacity in the grid by
4.114% without changing the available heat
capacity and heat consumption for their own
needs. It is recommended to reduce fuel
consumption by 17.28%. In addition, it is
recommended to increase the supply of heat
energy to the grid by 14.6%, and reduce the
mass of emission by 64.19%.

For object number 7, it is recommended to
increase the available heat capacity by 25.445%
without changing the installed heat capacity and
fuel consumption and reduce the heat
consumption for your own needs by 9.235%. In
addition, it is recommended to increase the
supply of heat energy to the grid by 33.94%,
and reduce the mass of the emission by
26.005%.

For object number 8, it is recommended to
reduce the available heat capacity by 1.724%
without changing the installed heat capacity in
the grid and fuel consumption. Reduce the heat
consumption for your own needs by 50.45%. In
addition, it is recommended to increase the
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supply of heat energy to the grid by 144.843%,
and reduce the mass of emission by 42.56%.
Having studied the main technological
processes for the objects of the centralized
municipal heat supply system in the city of
Krasnoyarsk, it is possible to identify the main
recommendations for the modernization of
boiler houses and heat and power plants. In
order to achieve the recommended parameters
of input and output indicators for objects with
the number 2 and numbers 6,7,8, it is
recommended to modernize them through the
following measures:
* use of raw materials with a higher heat
transfer coefficient;
» transition of boiler houses to hybrid
operation (electricity generation for own

needs);

* the use of coal combustion products for
commercial purposes (processing and
reuse);

» the use of more efficient components and
mechanisms of equipment;
* introduction of computerized lines;
* reduction of heat losses in the system
through using new types of heat insulation.

The approbation of the DEA method on the
objects of the centralized municipal heat supply
system of the fuel and energy complex has not been
presented in any scientific publication before. The
research results presented in the article are of
scientific and practical interest and can be used to
improve the efficiency of heat and power system
facilities. The DEA method of efficiency assessment
proposed in the study is focused on practical
application in various subject areas in which
complex objects are organized in the form of
hierarchical systems, in particular, in the field of
centralized municipal heat supply systems of the
fuel and energy complex (both in the management
bodies of the industry as a whole, and in the control
systems of individual boiler houses, heat and power
plants and pumping stations). In addition, the
obtained results are planned to be used for designing
a decision support system based on the DEA method
for energy system objects. We plan to propose a
new approach to the study of complex hierarchical
systems, which will be based on a new set of
algorithms for the redistribution of resources in each
subsystem of a hierarchical system in accordance
with changes in input and output indicators, built on
the basis of the DEA method. The complex of
algorithms will help to develop recommendations
for improving the integrated efficiency of each
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subsystem while improving the efficiency of the
system as a whole based on changes in the
indicators of inputs and outputs.
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