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Purpose: development of a regional subsystem for monitoring energy
efficiency of regions based on the elaboration and automation of the
methods for integrated ranking estimation of municipalities in terms of
rationality of energy consumption, waste management and environmental
protection. The study draws on the case of the Volgograd region.
Discussion: in October 2021, the Government of the Russian Federation
approved the Strategy of socio-economic development of Russia with a
low level of greenhouse gas emissions until 2050. This made urgent the
problem of developing a system of accounting and analysis of the efficiency
of energy supply, energy consumption and environmental protection of
territories to ensure an increase in their energy efficiency. At the regional
and subregional levels, there is a demand for new tools that would allow
for the formation of an integrated ranking estimation of energy efficiency
based on the available official data. Results: a software package that allows
for the automation of ranking estimation and analysis of municipalities’
energy efficiency has been developed and tested. It is based on sixteen
indicators characterizing energy consumption, technical condition of power
supply networks, waste management and environmental protection. An
approach to the restoration of missing values of indicators based on
scenario modeling has been proposed. A comparative analysis of the
energy efficiency of the municipalities of the Volgograd region over the
period of 2012-2019 has been carried out.

Keywords: energy efficiency of territories, ranking estimates, energy
consumption, subregional economy, environmental protection.
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Introduction
In modern Russia as in other countries of the world, the measures aimed
at improvement of energy efficiency have the status of a priority area of state
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economic policy. However, the Russian system of accounting and analysis
of energy consumption is in its infancy and needs to be developed, which is
especially important for its regional subsystem. The study of energy efficiency at
the regional and subregional levels of the Russian Federation is carried out on
the basis of limited data. Moreover, there is a lack of methods and tools for data
analysis [4].

Various economic and managerial aspects of the energy efficiency of the
regional economy, including the municipal level, are investigated in numerous
works [1-3, 5-9, 11]. One of the sections of the monograph [7, c. 31-55] is
devoted to a review of modern literature on this topic. This article represents
a part of the research project devoted to the development of tools for decision
support for estimating the energy efficiency of territories and enterprises of
the Russian Federation [2, 3, 12]. We propose the methodology for integrated
ranking estimates of the energy efficiency of municipalities, which differs
from the «fundamental» one [2; 3] in accounting additional indicators that
characterize technical condition of heating networks and housing stock, as well
as environmental protection along with those taken into account in [2] indicators
of specific energy consumption in the public sector and housing and utility sector.
We have developed a software package that solves the problem of automation of
the proposed methods application. The study has been carried out on the basis
of official statistics data included in the passports of municipalities.

Research methodology

The data source is represented with the passports of municipalities formed
by the Territorial Body of the Federal State Statistics Service in the Volgograd
Region (Volgogradstat) over the period of 2012-2019. The complete list of
indicators used for ranking analysis of municipalities includes 16 items:

— ten indicators of specific energy consumption for 1 year in apartment
buildings and in municipal budgetary institutions (electricity (kWh per person);
heat (Gcal per m?); hot water (m? per person); cold water (m? per person); gas
(m3 per person));

— three indicators that directly or indirectly characterize the loss of energy
in infrastructure networks and residential premises:

e share of the length of heating and steam networks that need to be
replaced in the total length of heat and steam networks on the territory of
a municipality;

e share of the area of residential premises in dilapidated and emergency
residential buildings in the total area of residential premises on the territory
of @ municipality;

e share of expenditures on housing and utility sector in the total actually
executed expenditures of the local budget;

— three indicators characterizing environmental protection:

e share of screened and neutralized pollutants in the total amount of
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pollutants emitted by stationary sources;

e solid household waste removed over a year (m3/person);
¢ liquid household waste removed over a year (m3/person).

The agreed notation: n — number of indicators; 1< i < n — indicator
number; 1< j <39 — municipality number; £, —i-th indicator; F, - i-th indicator
for j-th municipality; £, — maximum value of the i-th indicator among all the
municipalities.

The research is based on the fundamental methodology proposed in
[2, 3]. In the present article, this methodology which traditionally implies the
account of indicators according to the principle “the less, the better”, is modified
by expanding the list of indicators and changing the principle of accounting for
some additional indicators.

According to the fundamental methodology, in the absence of data on a
certain indicator from any particular municipality, and taking into account the fact
that other municipalities have data on this indicator, it is proposed to assume
that the ranking estimate is equal to the number of analyzed indicators. This
assumption allows for downgrading the ranking score of those municipalities that
do not provide data on any indicators. It is proposed to consider such lack of
data as insufficient information support for energy efficiency policy. It is also
necessary to take into account the different nature of the indicators’ values: for
example, indicators 1-13 are assessed according to the principle «the less, the
better», while indicators 14-16 — on the contrary: «the more, the better». Thus,
the particular ranking estimate is calculated by using the formula:

P
—,  if iL13

i, max

P
@, = 1=, if i<13

n, if no data is available.

The integrated ranking estimate of the j-th municipality for n particular
indicators is calculated by using the formula:

Z ;
R =
J n

The number of particular indicators on which there was no data for the
j-th municipality is determined by the integer part of the variable of an integrated

ranking estimate:
m; = [RJ.

To obtain an integrated ranking estimate without taking into account the
missing indicators, it is sufficient to omit the whole part Rj:
@,=R,—[R,].
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Analysis of the data available in the passports of the Volgograd Region’s
municipalities showed that the calculation of the integrated ranking estimate
according to the proposed methodology, taking into account all 16 indicators,
is possible only for the period from 2012 to 2016. The year of 2019 is the last
reporting period for which municipalities” passports were available, and they
contained only values for the first ten indicators. We propose to use scenario
modeling to restore the missing data with the aim to apply the methodology,
taking into account all the available indicators.

The scenario approach is based on the formation of several most probable
scenarios for the development of the process under study. The main purpose of
the scenario approach is “to predict possible directions for the development of
the processes under study, to identify control effects on their formation” [10].
In this work, data recovery was carried out according to dynamic and static
scenarios (depending on the nature of the available retrospective data for the
periods preceding those for which the data were absent). The static scenario was
founded on the assumption that the values of indicators remained at the average
level, while the dynamic scenario was based on the assumption that the growth
rates of these indicators remained at the average level.

Discussion

The software package has been developed to automate the application
of the proposed set of methods. The software implements the formal model
described above. Automation of calculations simplifies data analysis, reduces
error probability. The proposed implementation scheme is not limited to a fixed
list of indicators and can be used to analyze the energy efficiency of municipalities
in regions with any set of indicators that do not contradict the formal model.

The software package has been implemented as a web application with a
multi-level architecture (Fig. 1). The main architectural components include the
client side (frontend); server side (backend); database.
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Fig. 1. Architecture of the proposed software package
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The client side provides a user interface, interacts with the backend by
sending requests and receiving data, and constructs graphs and tables to display
data in a user-friendly form. The JavaScript programming language was used to
implement the client side.

The server side receives requests from clients, on the basis of which it
requests the necessary information from the database management system,
performs calculations and sends a response to clients. This service has been
implemented using the 8th version of the PHP programming language.

The database stores data, provides an interface for selecting data according
to various conditions, and allows them to be added and modified. The database
management system MySQL is used as a data storage.

The database diagram of the software package is shown in Fig. 2. It
consists of the following tables:

1. Municipalities: the table contains an identifier and the name of a
municipality.

2. Energy efficiency indicators: the table contains an identifier, name,
designation, unit of measurement and the principle of indicator accounting.

3. Values of energy efficiency indicators: the table contains an identifier,
indicator value, period and a link to the municipality to which the value refers.

The graphical interface of the developed software package consists of
two main sections: ranking of municipalities and scenario modeling. The section
«Ranking of municipalities» displays the ranking calculated according to the
available data.

indicator_type

.1 id int
o+ title  varchar(512)
district IH label varchar(64)
. id int unit varchar(512)
o= title varchar(512) . reversed tinyint(1)

districk_id:id type |id:id

indicator
o2id int

value double
L% district_id int
L2 type_id int

L+ year year

Fig. 2. Scheme of the database of the developed software package
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The software implies the possibility of calculation using various sets of
indicators, which allows for application of all variants of the previously described
complex of methods. It is also possible to select several periods, and estimates
for the selected periods get summarized and displayed as a single table or multi-
colored lines in a graphical representation. A set of energy efficiency indicators
on the basis of which the ranking will be built, as well as periods for comparison,
can be selected in the settings block, which is displayed when clicking on the
button Parameters. There is a possibility of interactive table search: table rows
are filtered based on the phrase entered in the Table search field.

In the Scenario Modeling section, the ranking of municipalities is displayed.
It is calculated using the restoration of missing values by the forecasting method
based on scenario modeling. Forecasting is carried out according to dynamic and
static scenarios. Forecasting parameters can be configured in the settings block.
The user is asked to select periods and indicators, the missing data for which
will be restored according to the selected scenario. For a dynamic scenario, the
base period and comparison period should be specified (P_ (ij, base) and P_ijt,
respectively).

In the absence of data necessary to predict the value of an indicator, the
value remains blank, which leads to a decrease in the position of the municipality
in the ranking.

Thus, the developed software package implements all the necessary
aspects of the proposed set of methods for ranking estimation of the energy
efficiency of municipalities.

Conclusion

Based on the application of the proposed software package, the developed
methods for estimating the energy efficiency of the Volgograd Region municipalities
were tested according to the available data for 2012-2019, as well as on the basis
of the results of scenario modeling of the indicators’ missing values for 2019.
Formation of rankings allows for conducting a comparative analysis of the energy
efficiency of municipalities and monitoring the dynamics of the relative levels of
their energy efficiency.

It was revealed that the amount of data collected and provided to
Volgogradstat by the municipalities of the Volgograd region is increasing, which
indicates an improvement in information support for the state energy efficiency
policy. This allowed some of the previously low-performing municipalities to rank
high in 2019.

Information on the identified most successful and low-performing
municipalities can be used to evaluate the performance of local energy efficiency
policies and to make management decisions to improve the measures taken in
the field of energy saving and environmental protection.
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PA3PABOTKA NMPOI'PAMMHOI'0 KOMIIJIEKCA
JIUIA NOAAEPXKKH NPHHATHA PELNIEHHH
N0 OLLEHKE JHEPro3®$EKTHBHOCTH
MYHHIHIAJIHTETOB
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Llenb: pa3BuTME pernoHanbHOW MNOACUCTEMbI MOHUTOPWHIA 3SHEeproad-
(PEeKTMBHOCTN pernmoHa Ha OCHOBe pa3paboTkyM M aBTOMaTM3aUMM METO-
AWK ANSt UHTErpasibHOM PENTUHIOBON OLIEHKM MYHWUMMNANIUTETOB MO pa-
LMOHANIBbHOCTM 3HepronoTpebnexmnsi, obpalleHns C 0TXo4aMu M OXpaHbl
oKpyXatoulen cpeabl (Ha npuMmepe Bonrorpaackon obnactu). O6cyxae-
Hue: B okTs6pe 2021 ropga MNpaButensctBo P® yTBepamno CrpaTteruio
COLMANbHO-3KOHOMMYECKOro passutms PO C HM3KMM ypOBHEM BblI6pOCOB
NapHUKOBbIX razoB Ao 2050 roga. B ¢BA3M € 3TUM aKTyanu3upyeTcs npo-
6nema pa3BuTUS CUCTEMbI y4eTa 1 aHanu3a 3deKTUBHOCTN SHEProcHab-
YKEHWs, SHepronoTpebneHnst 1 oxXpaHbl OKpPYXXatoLLen Cpeabl TEpPUTOPUIA
ans obecneyeHunst NOBLILLEHMS UX SHEProaddeKTUBHOCTU. Ha pernoHanb-
HOM 1 cybpervoHanbHOM YpOBHSIX BOCTpeboBaHa pa3paboTka MHCTPYMeH-
TallbHbIX CPeACTB, NO3BOMSIOWMX BbINONHATL (POPMUPOBAHME UHTErPaAsIb-
HOM PEeWTUHIOBOV OLIEHKM 3HEProaddEKTUBHOCTA HA OCHOBE AOCTYMHbIX
oduuManbHbIX AaHHbIX. Pe3ysibTaTel: pa3paboTaH M anpobupoBaH npo-
rPaMMHbIM KOMMMIEKC, PeLLalolmnii 3a4ady aBTOMaT3aLMn penTUHroBOM
OLUEHKN U aHanun3a 3HeproadheKTMBHOCTY MYHULMNAINTETOB HA OCHOBE
LIeCcTHaaLUaTK NokasaTenen, XxapakTepusyioLLnx sHepronoTpebneHne, Tex-
HMYECKOE COCTOSIHME CETeil SHEepProcHabXeHus, nepepaboTKky OTXOAO0B M
OXpaHy OKpy)KatoLlen cpeabl. MpeanoXxeH Noaxod K BOCCTaHOB/IEHUIO OT-
CYTCTBYIOLIMX 3HAYeHWIn NnokasaTenei Ha OCHOBE CLiEHapHOro Moaennpo-
BaHWS. BbINOHEH CpPaBHUTENbHBINA aHanu3 3HeprosEKTUBHOCTM MYyHU-
umnanuTeToB Bonrorpaackoi obnactu 3a 2012-2019 roasl.

KnroueBble coBa: 3HeproadheKTUBHOCTb TEPPUTOPUI, PENTUHIOBbIE
OLIEHKW, 3HEpPronoTpebneHne, cybperroHanbHas 3KOHOMMUKA, OKpYXKato-
Lwas cpeaa.
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