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Abstract. The article discusses the conceptual provisions for assessing the
effectiveness of the company's energy saving. It clarifies the concept of
“energy efficiency”, and the place of efficiency in the system of
characteristics reflecting the quality of the company's energy management.
It is shown that the efficiency is advisable to be considered as a characteristic
of the targeted implementation process of the company's energy
management of the relevant energy conservation measures. It reflects the
degree of utilization of potential opportunity allocated for the
implementation of these activities to achieve the company's energy saving
goals. That is, the efficiency is only one, although very important, aspect of
assessing the quality of the company's energy management. A general
approach is proposed for the construction of performance indicators for the
creation of models and methods of decision-making support in the process
of planning energy saving measures. This approach is based on the
requirements that the performance indicators should be measurable and, at
the same time, reflect the goal in the name of which energy conservation
measures are implemented in the company, accurately reflect the results of
these measures, depending on the resources allocated for their
implementation, and also consider the synergistic effects of their interaction.

1 Introduction

In modern economic conditions the competitiveness of a company is achieved by
ensuring the required volumes and quality characteristics of products (goods and services)
produced while reducing production costs [1-3]. One of the priority areas for reducing
production costs is energy saving. It is a complex of organizational, economic, technical,
technological and other measures aimed at reducing the cost of energy resources used by the
company.

Formation of rational decisions on the implementation of these activities involves:

the establishment and representation in a measurable form of energy conservation goals;

the formation of alternative solutions for the implementation of energy saving measures;

forecasting the results achieved when making a decision;
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comparison of the expected results of the implementation of alternative solutions for their
effectiveness and the choice of a rational solution.

Therefore, the rationality of the decisions made and, ultimately, the possibility of
achieving the goals of energy saving largely depends on the correctness of the approach to
evaluating the effectiveness of alternative solutions. The problem of the formation of
approaches to the evaluation of efficiency has a conceptual, methodological, methodical and
instrumental aspects.

In the conceptual aspect, it is necessary to define what is meant by efficiency in
general and energy saving efficiency in particular.

In the methodological aspect, first of all, it is necessary to establish how (on the basis of
which indicators) it is possible to measure, or to predict the effectiveness of energy saving.

In the methodological aspect, it is necessary to carry out a constructive construction of
indicators that ensure the measurement (prediction) of efficiency in certain specific
conditions of the company's activity.

In the instrumental aspect, it is necessary to develop appropriate software and hardware
tools for predicting and estimating the efficiency of energy saving,

This article discusses the conceptual aspects of the problem of estimating the efficiency
of energy saving that form the basis for the formation of indicators, models and software and
hardware tools for forecasting and evaluating the effectiveness of energy saving in the
interests of developing rational decisions in the company's energy management processes.

2 The essence and place of the concept of "efficiency” in the
system of concepts that reflect the quality of processes

In the scientific literature, you can find dozens of options for the definition of the concept of
"effectiveness." However, many authors use this term without the necessary explanation and
refer it to various properties of the systems under consideration [4—8]. So in most works on
economics, the concepts “effect” and “efficiency” do not differ. Often the “efficiency” is
defined as a more general concept than “quality” (efficiency includes quality as an integral
part). In other research papers the concepts "efficiency" and "quality" are considered
synonymous. Thirdly (mainly philosophical) - “quality” is considered as a more general
concept, including “efficiency”.

Such a variety of approaches to the definition of the concept “efficiency” is naturally
transferred to the research of the issues of evaluating the efficiency of energy saving, creating
various indicators of its assessment. These indicators are often postulated without regard to
their relationship, place and role in the overall system. And the difference in conceptual
provisions, which form the basis of their constructive presentation, does not allow
implementing a systematic approach in solving problems of energy saving management.

Thus, the formation of the concept "efficiency" and the creation of the concept of
evaluating of efficiency is currently one of the important problems of improving the energy
management of a company.

The formation of the concept "efficiency" is associated with the establishment of its
relationship with related concepts, in particular, with widely used in scientific practice
categories: "quality", "effect", "efficiency" and others. The establishment of this relationship,
first of all, is based on the allocation of a class of systems in respect of which the concepts
“effect” and “efficiency” make sense. Such a class, in our opinion, consists of the only
purposeful material systems. This is the first difference between the categories “effect”,
“efficiency” and “quality”, since systems of any nature have qualitative certainty.

Further, “effect” and “efficiency” characterize purposeful material systems only in
relation to their functioning, that is, they are characteristics of action. Moreover, they do not
characterize any, but only controlled processes in systems. Moreover, they characterize the
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indicated processes not as a whole, but only with regard to the conformity of their results
with the goals set. This is the second significant difference in the categories "quality", "effect"
and "efficiency", since quality characterizes systems in all respects, including with regard to
effect and the effectiveness of their functioning.

Thus, efficiency is not the quality of targeted processes (and much less of systems) as a
whole, but only one, although an important component of it. In this regard, to define the
concept "efficiency", it is necessary to establish its relationship with other components of the
quality of targeted processes in general and, in particular, energy-saving control processes.

The management of energy saving, as well as any purposeful process, is characterized by
dialectic interdependence of the goals to be achieved, the means used to achieve the goals,
methods of using the available means and the results (effect).

The structural scheme of such interdependence can be represented in the form of a
directed graph shown in Fig. 1.

With regard to energy management, means can be interpreted as resources available to
the company for the implementation of organizational, economic, technical, technological
and other energy saving measures.
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Fig. 1. Diagram of the interdependence of goals, means, methods of their use and the results achieved
in the management of targeted processes.

With regard to energy management, the means can be interpreted as resources available
to the company for the implementation of organizational, economic, technical, technological
and other energy saving measures.

Methods characterize the established order of use of these resources.

The results reflect the energy saving effect achieved by using available resources.

With this structuring, the quality of energy saving management processes can be
characterized using six interrelated groups of indicators (see Fig. 1):

1) resource availability;

2) technological;

3) performance;

4) efficiency;

5) cost-effectiveness;

6) expediency.
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Indicators of resource availability characterize the sufficiency of available resources to
achieve the goals.

Technological indicators characterize the correspondence between the applied means and
the methods of their use to obtain the required results.

Performance indicators characterize the results of the use of available funds in established
methods.

The efficiency indicators characterize the degree of realization of the capabilities of the
available resources to achieve the company's energy saving goals.

Cost-effectiveness indicators reflect the “cost” of resources to obtain results (effect).
Moreover, the “cost” in the definition of profitability is interpreted in an expanded sense and
includes monetary value only as a special case.

The expediency indicators characterize the correspondence between the chosen methods
and established goals.

In this system of indicators the concept “quality” returns its original content, which goes
back to the philosophical tradition. Efficiency becomes only one, although very important,
aspect of quality assessment - a characteristic of a purposeful process of the system's
functioning.

Such an approach makes it possible to understand the far from conscious fact that the
target system can be, for example, efficient, but not profitable, non-technological, etc.

The essence of the concept of "efficiency" and its relationship with the concepts
of "effect" and "efficiency" can be illustrated using Fig. 2. In accordance with it, the SO
company at every moment of time t forms the energy saving target (G) for the S1 energy
supply system and allocates the corresponding resources (Ra), some of which (R1) are scarce.
The energy management subsystem, based on the goals (G) and the situation (P), forms the
energy saving measures (U) for the S1 system

U=U(G,R,,R,,P,t—7), (1)

where 1 is the reaction time of the energy management.

The obtained results W(R,,R, ,U,P,t) include useful, from the point of view of
achieving goals G of energy saving of the company S° the results (effect) -
W (R,,R,,U,P,t)and costs -W, (R,,R,,U, P,t). Taking into account the accepted

LEINTS

notation, the essence and interrelation of the notions “effect”, “efficiency” formally reflect
the relations (2) - (3) in Fig. 2.
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Fig. 2. The essence of the concept of "effectiveness" and its relationship with the concept of "effect".

Based on these relationships, it is possible to suggest the following definition of the
concept of "effectiveness" in relation to the company's energy management processes. The
efficiency of the company's energy management is a characteristic of the degree of realization
of the potential capabilities of the available resources to achieve the goals.

Formally, efficiency (3) is expressed by the ratio, obtained in accordance with the
decision (control action U) of the effect from the use of available resources, to the maximum
possible effect when used in the prevailing conditions of the situation. From this definition,
it follows that the "efficiency" of energy-saving processes, although connected with the
"effect" (2) obtained as a result of the use of resources, is not limited to it.

The degree of correctness obtained on the basis of the relation (3) estimates of the
effectiveness of decisions taken depends on its constructive presentation [9 - 14].

Quantitatively, the degree of realization of a company's potential for energy efficiency,
as a rule, is formally represented as points of a certain efficiency scale.

As such a scale, a man most often uses the subsets of the set of real numbers (absolute
scale) are most often used, and for stochastic processes, its type is the probability scale. This
is explained by the convenience of numerical scales, as well as their universality, since any
scale can be one-to-one transformed into a numerical one.

The display (3), which sets in correspondence to each result of the functioning of the
system, the item of the chosen efficiency scale, is usually called the performance indicator.

The constructive presentation of the performance indicator is primarily connected with a
clear definition of the company's energy saving goals. The goal is achieved by the rational
allocation of resources between energy conservation measures.

The result is obtained during the implementation of the complex of these measures
depends on the results of each individual event. It can be formally represented by the Q
function of particular results:

W=0w,R)], Jj=12.J, 4)

where w{(R)) is the result of the implementation of the j-th event;
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R; —resources allocated for the implementation of the j-th event;

J — the number of possible measures to ensure energy saving.

Based on this, the goal of energy management is formally to maximize the display (4),
with restrictions on the allocated resources.

The extent to which resources are used to achieve this goal (that is, energy efficiency) is
determined by the ratio

b O, (R)]
= ; )
max O[w, (R, )]

where R={Rj}, j=1,2, ..., J is the resource allocated for the implementation of energy
saving measures.

The denominator of this expression with a fixed resource is a constant value.
Consequently, in the interest of comparing different solutions when managing a company's
energy savings, it is sufficient to calculate the corresponding values of the numerator of the
expression in question, that is, the values of the function (4).

Thus, the construction of indicators of energy efficiency is the constructive representation
of the function (4). Its constructive presentation is connected with the solution of two
problems:

1) determination of the results of the implementation of individual energy saving
measures, that is, a constructive representation of the values of wj(Rj), j=1,2, ..., J;

2) determination of the results of energy management as a whole, that is, a constructive
representation of the function Q (.).

The solution to the first problem is related to the specifics of energy resources and energy
saving measures. When solving the second problem, one should take into account the
synergistic effects of joint application of various energy saving measures.

3 Conclusion

In view of the above, we formulate the main postulates that define the essence of the concept
"efficiency" and the purpose of its introduction to the theory and practice of energy saving
management.

a) Efficiency is a characteristic of the targeted implementation process of the company's
energy management of the relevant energy-saving measures.

b) Energy efficiency is emerged only when the actual implementation of these energy-
saving measures.

¢) The main factor generating the effectiveness of the targeted process of implementing
energy-saving measures is management.

d) The implementation of energy-saving measures of the company and giving this process
focus are provided by the allocation of appropriate resources.

e) Energy efficiency reflects the degree of use of the potential of these resources to achieve
the goal.

f) Efficiency is measurable. Measure for its measurement is determined by established
indicators.

g) Indicators of efficiency should:

reflect the goal of energy saving in the company;

with necessary accuracy to reflect the results of the implementation of energy saving
measures;

depend on the cost of resources for the implementation of the evaluated activities.
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h) The effectiveness of each particular process can only be correctly assessed based on an
analysis of its contribution to achieving the goal of energy saving in the company as a whole.
1) Measuring efficiency is not a goal, but a means of building a version of a plan for the
implementation of energy-saving measures of the company.
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