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Abstract

The paper develops a methodical approach to assessment of the efficiency and performance of energy use in the
public sector on the basis of the analysis of normative - legal acts of the Russian Federation and the works of
Western and Russian scientists in the field of energy saving and energy efficiency. The paper classifies the
indicators characterizing the energy saving and energy efficiency, and identifies those that are most fully and
accurately reflect the process of energy saving and energy efficiency, and meet such requirements as objectivity,
validity and reliability.
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1. Introduction

Actual direction of development of modern economy is to increase the efficiency and performance of energy use
(Anderson, 2005). Significant contribution to the study of both methodological and practical aspects of the
assessment of the level of energy use was made by Western scientists. For example, Shigeru Suehiro, Bent
Andersen, Renaud Gicquel, May Gicquel, Xiannuan Lin and Bala Bhaskar identify the GDP energy intensity as
a fundamental indicator reflecting the energy efficiency of the economy (Andersen, 2007; Bhaskar, 2013;
Gicquel & Gicquel, 2013; Austria: IAEA, 2005; Lin, 1996; Suehiro, 2007).

Fundamental analysis of the structure of energy consumption in modern society is represented in the works of
Nathu Ram Kaswan, Che N., Pham P., Gitana Dudzeviciaté (Che & Pham, n. d.; Dudzeviéiite, 2013; Kaswan,
1992). The study of the parameters of energy consumption (International Energy Outlook 2013 with Projections
to 2040) led us to the conclusion that in Russia and in other leading economies of the world the main consumer
of energy is the real sector of economy. In addition, it is noted that the public sector is also quite energy intensive
(Bashmakov, 2009). Even in countries that show the best examples on the energy intensity of GDP, there is a
high energy consumption of the public sector. Thus, in the US a number of educational institutions recognized as
energy wasteful (Government Printing Office, 2005; Hu, 2011).

However, it should be noted that unlike the real sector, which mainly consists of private companies, the state
doesn’t have effective instruments of direct influence on the energy consumption, but may affect the energy
consumption of governance public institutions. In this situation, the Russian government has identified the public
sector as a demonstration site, which will be the example of the implementation of the energy intensity reducing.

2. Materials and Methods

The study was based on normative - legal acts of the Russian Federation in the field of energy saving and
research of Western scholars of international agencies such as the International Atomic Energy Agency, United
Nations Department of Economic and Social Affairs, International Energy Agency, Eurostat and European
Environment agency. The study used scientific methods such as system analysis, synthesis and deduction. Each
of these methods was used adequately to its functionality and resolution to solve relevant research tasks.

To assess the level of achievement of the objectives in the field of energy conservation in Russia there is a
system of indicators, which is going to be used by the public authorities to carry out a comprehensive approach
to information provision of the process of strategic and operational decision-making in the field of energy saving
in the public sector of the economy. Conventionally, all these indicators can be divided into the cost, structural
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and relative groups. Cost group includes Russian Federation subject’s budget expenditures on ensuring public
institutions by the energy resources. Structural group includes the percentage of public and government
institutions that have signed energy service contracts in total amount of customers who have signed energy
service contracts. Relative group includes specific expenditure of electric power on supplying the state
authorities of the Russian Federation subject and the state institutions of the Russian Federation subject.

Our study showed that the assessment of the efficiency and performance of energy use in the public sector of the
economy should be based on the use of multidimensional economic values, which are based on the use of
multiple indicators. The solution of the problem of multidimensionality of economic values is to select a small
number of indicators which are informative and relatively simple in calculation (Yakupova, 2013; Yakupova &
Absalyamova, 2014; Burganova, Novak, & Salahieva; Azmitov, Ivanovskiy, & Korabelnikova, 2014).

It is important that these indicators should directly reflect and estimate the analyzed values, not the other
properties; should guarantee the possibility of obtaining the same results in repeated measurements and avoid
ambiguity in their interpretation. Thus, the indicators should meet the requirements of objectivity, validity,
reliability.

Our indicator analysis showed that relative indicators reflect energy saving in the public sector more adequate
than others.

On the basis of research on the nature and specificity of the indicators which are used for the monitoring of goals
and objectives in the field of energy conservation, we offer four key indicators that reflect energy saving and
meet the requirements of objectivity, validity, reliability. There are such indicators as electricity consumption per
capita, consumption of water per capita, consumption of natural gas per square meter, consumption of thermal
energy per square meter.

The analysis showed that the largest percentage (80%) of energy consumption takes heat energy. Specific
expenditure of heat in educational institutions of municipalities of Republic of Tatarstan is shown on Figure 1.
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Figure 1. Specific heat consumption of educational organizations in municipal districts of Tatarstan in
2009-2014

Here it is worth to note that the simultaneous analysis of the four indicators leads to some extent complication in
evaluation of the efficiency performance of energy use. In these circumstances, there is particularly acute need
for an integrated assessment of the efficiency and performance of energy use.

Integral assessment of the efficiency and performance of energy use based on 4 indicators, which were identified
earlier, can be made both for specific public institutions and for the public sector in common (education, health,
etc.).

We offer to determine integral assessment of the efficiency and performance of energy use on the basis of
comparison of achieved energy savings and the corresponding budget spending on energy conservation. In order
to achieve a comparable amount of energy consumption their quantitative characteristics must be converted into
conventional units - tons of conventional fuel (TCF).

3. Results

Method of calculating the economic efficiency of energy use:
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where: E — the efficiency of energy use,

Qi, — the use amount of i-th type of energy source at the beginning of the reporting period,
Qi — the use amount of i-th type of energy source at the finish of the reporting period,

k; — coefficient of conversion i-th type of energy source into conventional units (TCF),

V — budget expenditures on energy conservation,

n — number of energy source types.

The other indicator that characterizes the degree of achievement of goals and objectives in the field of energy
saving in the public sector is the indicator of the performance of energy sources use. As target settings we
adopted the standards of consumption of public services institutions. Considering these indicators (standards) as
a science - based norms of consumption of certain types of energy, we make the assumption that they reflect the
best organizational - technical conditions of the labor and production processes, and the optimal operation of the
individual institutions. We should note that these normative standards meet such characteristics as objectivity,
validity, reliability; determine the value of the specific energy source consumption; differentiated by type of
energy source and budget institutions.

We propose to assess the performance of energy sources use as a measure of the closeness of the actual level of
energy use to their normative values. It is assumed that the smaller the deviation of the actual value from the
standard, the higher the performance of energy sources use. Integral assessment performance of energy sources
use is defined as the weighted average of the percentage of deviation of the specific value of the actual use of
energy source from its standard value. We suggest using the share of each type of energy sources in the total
energy consumption in conventional units (TCF) as the weights.

Calculation of the share of the i-th type of energy source in the total energy consumption (c;):

¢ = Q . x k. @),
Y (0. x k)
Method of calculation of the performance of energy sources use:
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where: R — the performance of energy sources use,

qist — conventional normative indicator of i-th type energy source using,

gic — conventional normative indicator of i-th type energy source using at the finish of the reporting period,
c; — share of i-th type of energy source in the total energy consumption.

As an example, we show the results of calculation of the performance of energy sources and cold water in
general educational institutions of municipalities of the Republic of Tatarstan. Table 1 shows the performance of
the use of heat and electricity in general educational institutions of municipalities of the Russian Federation
subject - Republic of Tatarstan.

Table 1. The performance of energy sources use (heat and electricity) in general educational institutions of
municipalities of the Republic of Tatarstan (%)

.. . Analyzed period
Municipal District 2009 2010 2011 2012 2013
Alexeyevsky District -1,9 -1,1 4 2,5 0,3
Novosheshminsky District -33,1 -17.8 -5,3 -11,2 -19,6
Spassky District 18,5 10,3 20,6 42 -14,7
Chistopolsky District -53,2 -54,4 -54,8 -58,1 -56,9
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Table 2 demonstrates the performance of cold water use in general educational institutions of municipalities of
the Republic of Tatarstan.

Table 2. The performance of cold water use in general educational institutions of municipalities of the Republic
of Tatarstan (%)

.. . Analyzed period
Municipal District 2009 2010 2011 2012 2013
Alexeyevsky District 79,2 70,8 33,3 58,3 95,8
Novosheshminsky District 280,8 277,9 110,4 29,3 63,8
Spassky District 88 44 1194 62,1 61,7
Chistopolsky District 163,2 70,8 72,7 61,2 52,9

The data in Table 1 and Table 2 shows that many areas have not reached the goals in the field of cold water and
energy saving. Thus, the efficiency of energy sources and cold water use reflects not only the characteristics of
the use of energy and cold water (normative, ultra normative and economical), but also reflects the level of
achievement of the goals and objectives in the field of energy conservation.

We consider it necessary to note that in our view the more appropriate it’s to calculate the efficiency of energy
use for each type of energy source in the context of individual species of public institutions.

4. Conclusion

Thus, in order to ensure regular and continuous provision of analytical information about the efficiency and
performance of energy use it is necessary to develop a system of indicators that most accurately characterize the
energy saving techniques and their generalizations.

We offer to assess the level of achievement of goals and objectives in the field of energy conservation by using
the system of indicators that can be conditionally divided into the cost, structure and relative groups. The
analysis showed that such relative indicators as electricity consumption per capita, consumption of water per
capita, consumption of natural gas per square meter and consumption of thermal energy per square meter most
adequately reflect the energy saving and meet the requirements of objectivity, validity, reliability.

In order to summarize these indicators we have proposed an integrated assessment of the efficiency of energy
use.

We suggest to determine the efficiency of energy use on the basis of comparison of achieved energy savings and
the corresponding budget spending on energy conservation.

We propose to assess the performance of energy sources use as a measure of the closeness of the actual level of
energy use to their normative values. It is assumed that the smaller the deviation of the actual value from the
standard, the higher the performance of energy sources use. Integral assessment performance of energy sources
use is defined as the weighted average of the percentage of deviation of the specific value of the actual use of
energy source from its standard value.
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