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Abstract. The article discusses the basic principles of energy saving in industry and methods for identifying and
assessing the reserves of energy savings in industrial enterprises. The necessity of new complex solutions to this
problem has been substantiated by developing integrated algorithms containing solutions for the rational use of

energy resources of enterprises of various industries.

1 Introduction

An active energy saving policy is one of the key issues of
technical progress, the solution of which is associated with the
implementation of large-scale comprehensive programs to
reduce the energy intensity of the national income.

This policy is especially relevant for the Republic of
Uzbekistan, since with the rise in energy prices, the energy
component in the cost of industrial products increases sharply,
which affects its competitiveness [1-3].

The concept of the profitability of saving energy resources
in comparison with increasing their production takes into
account the bulk of the economic losses incurred by the state
in the form of unrealizable reserves for saving energy
resources.

The situation is aggravated by the fact that failure to take
timely and appropriate measures to conserve fuel and energy
resources will ultimately inevitably lead to severe economic
consequences.

Taking this into account, it is necessary to proceed from an
extremely unfavorable, but quite real situation when solving a
wide range of economic, organizational and technical
measures designed to ensure a sustainable increase in the
efficiency of energy use in industry.

The most important role in solving the problem of energy
saving belongs to the industry, which is a diversified and
multilevel production, which consumes more than half of all
energy resources and has the main reserves for saving energy
resources, and such reserves that can be managed [4-7].

Therefore, industrial enterprises should become the
primary objects of research.

The main areas of research:

- identification of patterns of change in electrical loads of
electric drives when changing the operating mode of
technological equipment;

- carrying out measurements of energy indicators on the

operating equipment of various industries;

- drawing up the corresponding mathematical models and
normative energy characteristics of the main technological
units in order to optimize their operating modes;

- assessment of the influence of energy, technological and
operational factors on electrical loads, absolute and specific
power consumption;

- the use of modern mathematical methods for the analysis
and forecasting of the energy performance of industrial
enterprises.

The scale of these studies is visible not only from the
individual features of each enterprise, which includes electric
power, electrothermal and electrotechnological production
processes, but also from the specifics of each unit and process.

The current level of scientific and technological progress
in the field of energy saving must meet the highest
requirements for the quality of analysis, calculation and
forecasting of energy indicators, based on in-depth studies of
modes of electrical loads and electricity consumption using the
appropriate mathematical apparatus and using automated
systems for accounting, monitoring and management of
energy consumption [8-12].

Studies have shown that without a proper set of
mathematical methods and an appropriate bank of algorithms
that enhance the functionality of existing systems for
accounting, monitoring and management of energy
consumption, the problems of energy conservation in industry
cannot be adequately solved.

Expanding the scope of research and implementation of
work on the rational use of energy resources ultimately comes
down to managing the energy intensity of products. In this
process, a special place is occupied by the determination of the
dependence of the energy intensity of products on the
electrical, technological and operational parameters of
industrial production, taking into account their specific
features.

To identify the final results, a systematic analysis has been
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adopted, which makes it possible to provide a comprehensive
solution to the task, taking into account the whole variety of
interrelated factors and events.

In general, for the “unit - enterprise or association”
complex, the research and calculation scenario was developed
in the following logical sequence: unit, shop, enterprise,
association (association), power system control room [13].

The control parameters are identified, taking into account
the operating mode and production characteristics of the
investigated object and the factors affecting the energy
intensity indicators. In particular, the mode of operation in
time; continuous mode of continuous operation; variable
mode; product characteristics (single, homogeneous,
heterogeneous); characteristics w operating mode of the main
components of the technological process (compressed air,
water, oxygen, etc.); inter production links; a set of measures
for energy saving [14-20].

Mathematical models of specific power consumption have
been developed for each type of product (by divisions and
enterprise), providing for the influence of relevant factors on
them. Taking into account the operation of units and
workshops and their time parameters, the electricity
consumption required for the release of a given volume of
products and its energy consumption are determined.

At each stage of work, reserves of energy savings are
identified, the implementation of which must be taken into
account. From the general calculation scheme, the power of
the units participating in the maximum hours of the power
system should be allocated [21-24].

In accordance with the scenario, the initial decomposition
of the system of specific energy consumption is performed,
with the help of which the main subtasks are identified.

The decomposition diagram shows the indicator of specific
electrical consumption (e) of a unit that produces dissimilar
products  (77,,11,,..., I7,) With hourly productivity

(4,,A4,,..., A). The diagram includes the power
consumption of the unit (P), the average power per cycle for
each type of product (PSy, P PS.) and the power of
equipment for auxiliary needs (Psupn),
t,t,,..,t,), the
(ml, m,,..., mn) , as well as the electricity consumption for

the production of each type of product (W, ,W,,...,W.).

Fig. 1. Scheme of decomposmon of the system of specific power
consumption

the cycle time

number of cycles per hour

The corresponding decomposition is developed for the
workshop, enterprise and association.

For each subtask, a corresponding “tree of goals” is built,
which includes the whole complex of influencing indicators
(factors) and their relationships. It is necessary to take into

account the logical sequence of the analysis and calculation of
the energy intensity of products typical for units of any type
and purpose. For units, all calculations must begin with
determining the power consumption.

The first stage in solving this problem is the assessment of
the indicated connections for the aggregates.

Let's consider the most difficult case: the unit operates in
an alternating mode and produces dissimilar products. Initial
data for the calculation: the production cycle, consisting of
periods of work (load), idle and production pause. Each cycle
has its own power consumption. Within each cycle, almost all
power-consuming units operate auxiliary mechanisms with
their own mode of operation and power consumption (average
value) [25-31].

Based on the measurements, we find the average power
consumption per cycle.

Knowing the unit's output, we obtain a mathematical model
of the average power consumption per cycle:

— Kwa,ax )+ sac@= )1,

av aux
p

where K - is the number of cycles in the calculated period;
t,- calculated period;

kw

f,,, - accordingly, the resulting values of factors,

affecting the consumption of power for auxiliary needs and
productivity;

Cc . age -
W,,.- power consumption for auxiliary needs of the unit

per cycle;
A° - average hourly productivity of the unit per cycle;

O - coefficient representing a constant component of the
specific energy consumption.

Next, the power consumption for the calculated period and
the specific power consumption for the manufactured products
are determined:
W =KW, @A+ f)+5A°A+xy,)]., kWh/calculated period
Wacux(li f|)

A°(L+

In addition to the scenario for the unit and shops, a scenario
has also been developed for the upper levels of management -
enterprises, amalgamations (associations) and the power
system control center. These scenarios, according to the
existing scheme (tree of goals), should be developed for each
type of production that produces both single and homogeneous
and heterogeneous products. At the same time, a differentiated
block method for calculating and analyzing the energy
intensity of products developed at the institute is used, which
includes indicators of specific power consumption and specific
consumption of raw materials and semi-finished products per
unit of final product [2]. On the basis of system analysis,
methods have also been developed for identifying and
managing reserves of energy savings, which are obtained
through the implementation of such measures as reducing
electricity losses 8 to the power supply system, increasing the
efficiency of units and mechanisms, compensating for reactive
power, etc. In particular, a mathematical interpretation of the
size of the savings reserve electricity as a result of a decrease
in material consumption (raw materials and semi-finished
products) when receiving the final product can be represented
by the following formula:

d=K +06, kWh/unit of production
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Where Z - end products;
g; - specific consumption of processed products (raw
materials, semi-finished products per unit of final product);
AQ; - the value of the specific reduction in the amount of

processed products per unit of final product;

di - specific power consumption per unit of semi-finished
product of the i-th production unit;

n - number of production units;

m - the number of energy technology and operational
factors affecting the energy intensity of products;

t - factors.

Conclusions

Thus, the following conclusions can be drawn:

- the paper presents the basic principles of energy
conservation in industry and methods for identifying and
assessing reserves of energy savings at industrial enterprises;

- the whole range of energy saving tasks can be solved at
two levels of industrial production:

lower level - unit or technological line;

the upper level - workshop or factory, and the enterprise as
a whole;

- the need for new complex solutions to this problem has
been substantiated by developing integrated algorithms
containing solutions to problems for the rational use of energy
resources of enterprises of various industries.
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