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Abstract. This article develops a methodological approach to the inte-
grated assessment of potential opportunities for energy efficiency
providing for the residential sector in the regional context. Regional
comparison of energy efficiency potential is based on values that char-
acterize technical, economic, and social components of energy efficien-
cy in the residential sector. The regions are ranked according to the in-
tegrated values and clusters are formed according to the level of energy
efficiency assessment, which characterizes the differentiation of region-
al effectiveness of organizational and economic supplying of energy ef-
ficiency in the residential sector. The results, attained during the estima-
tion of potential opportunities of energy efficiency management give
the possibility to assess not only the action efficacy of all government
branches to implement energy-efficient technologies but also to identify
opportunities to apply political instruments to support the practice of
stable building, based on sustainable development principles.

Keywords: Energy efficiency potential, Integral assessment, Ranking of re-
gions by integrated rating score, Ensuring energy efficiency of the residential
sector.

Introduction

The issue of energy efficiency and the economic use of energy resources has been
important for a long time for many countries around the world. More and more of
them are trying to solve the energy efficiency problem by introducing the latest tech-
nologies. Ukraine is doing its best not to stand aside of those tendencies. The detected
reserves of energy saving and energy efficiency of the residential sector of Ukraine’s
economy according to a recent evaluation by scientists and practitioners, vary from 50
to 70% of the current level of energy consumption.

Therefore, there is a need to develop a methodological approach that would allow
assessing the potential opportunities for energy efficiency of the residential sector in
the regional context.



An overview of recent research sources and publications

Scientific and methodological approaches to the energy efficiency of the residential sector
of the economy are actively studied by scientists and practitioners all over the world, and
their systematization of generalization allows identification of modern mechanisms and
devices to improve organizational and economic guarantees of energy efficiency of the
residential sector in Ukraine.

Among all the variety of extremely important problems of energy efficiency mainte-
nance of residential sector in foreign countries the following should be included: scientific
and methodological approaches to energy efficiency maintenance of the residential sector:
assessment of energy poverty in low-income households, which includes climatic, build-
ing, socio-economic characteristics of the country (Spain) [1]; studying the difference in
energy efficiency depending on the group of consumers and its type [2]; application of a
nonlinear methodology and interdisciplinary approach to the study of energy consumption
in households, in particular analysis of the covariance structure, to isolate direct and indi-
rect consequences of household and housing characteristics for total annual domestic en-
ergy consumption (USA) [3]; study of the utility market potential, the role and tasks of its
players, demand modeling and energy resources prices forecasting [4]; development of
energy consumption management for efficient use of resources in terms of technical pro-
gress [5]; conceptual approaches to housing fund renovation and partial reconstruction in
context of European energy policy, thermal modernization of housing fund, as well as
combining energy efficiency issues with ecological, financial, social and cultural goals of
housing management (Sweden) [6]; increasing energy efficiency in the non-profit housing
sector (Netherlands) [7]; problems of effective energy applying and energy efficiency
measures in the construction sector as a tool to reduce energy consumption and to improve
local ecological sustainability (Malaysia) [8]; assessment of the impact of municipal con-
struction structures and their actions in energy efficiency stable building and renovation
field [9]; mechanisms to stimulate energy efficiency during the projecting and construc-
tion of residential and public buildings, including the availability of energy efficient hous-
ing for the population; impact of energy efficient measures in residential buildings on the
cost of habitation (USA) [10]; problems of management innovation-oriented development
the construction industry of Ukraine [11]; methodical approach to determining the mini-
mum mediate costs for 1 m? of affordable housing at the level of Ukrainian regions [12].

Purpose of the Article

The main purpose of the paper is to develop and implement a methodological ap-
proach to estimating the regional potential of energy efficiency, which allows to apply
comparative assessment of the performance of the management and economic allow-
ance of energy efficiency and use of energy efficiency potential in the housing sector
in Ukraine (including Donetsk and Luhansk regions), to rank the regions according to
the integrated rating score.



Methodical approach to assessing the regional potential of the
residential sector

Theoretical aspects

The concept of potential in the modern economy is interpreted ambiguously, there are
a lot of theoretical approaches to determining its essence and constitution. It is most
frequently used in the study of market opportunities of economic entities, the for-
mation and evaluation of current and future opportunities that ensure the effectiveness
of activity and create circumstances for the development of a competitive environ-
ment. At the same time potential performs: as a set of available instruments and re-
sources; includes sources, opportunities, tools, reserves, which could be involved in
solving certain issues [13]; characteristics of available productive forces in any field
[14]; present opportunities, resources, reserves, instruments, etc. [15 - 16].

The potential of energy efficiency is identified by authors as a set of resources,
possibilities, and tools, which can be used to reduce the cost of energy resources in
residential buildings while ensuring the optimal level of comfort for the population.
The regional potential of energy efficiency characterizes local features of energy con-
sumption and energy efficiency in regions, it should be considered as a set of re-
sources, possibilities, and tools, which can be executed to decrease energy expendi-
tures in residential buildings while ensuring the optimal level of comfort for the popu-
lation.

The introduction of such a concept allows considering a methodological approach
to the integrated assessment of potential opportunities for energy efficiency of the
residential sector in a regional context as an important tool for improving the organi-
zational and economic support of energy efficiency of the residential sector in the
national economy.

Regional differentiation of organizational and economic support of energy effi-
ciency of the residential sector in the national economy will indicate the effectiveness
of energy efficiency management of buildings in Ukraine in the regional context. In
this study, based on the available statistics of the State Statistics Service of Ukraine
[17], the integrated rating of the regions according to their energy efficiency potential
was calculated.

Regional comparison of energy efficiency potential is carried out on eight indica-
tors: total area of housing area, in thousand m?; the current number of population in
regions, in thousand people; disposable income of the population in regions of
Ukraine, in million UAH; the number of buildings, equipped with units of commer-
cial heat metering (residential) by regions, %; use of natural gas by regions, million
m?; use of heat by regions, Gkal; electricity use, million kwh; the total amount of
subsidies allocated to reimburse the cost of housing and communal services, thousand
UAH.

The algorithm of rating assessment of energy efficiency potential is accomplished
in three stages. The first stage is the calculation of the sum of the relative deviations
of the indicators, which characterize certain activities of economic entities in the re-
gion, from the best values of these indicators by the formula:
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where Wij = B— for stimulator indicators ;

max;  —minj

Wij = [%] for destimulator indicators;
maxi mini
Sj — rating evaluation of energy efficiency potential of the j-th region for each of
the indicators;
Bj; — value i-ro indicator of j-th region, 1 <i<n;

Biax. » Bmin — @ minimal and maximal value of indicators.
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The second stage. Determining the arithmetic mean of the sum of the rating of the

energy efficiency potential of the assessment region for each of the indicators accord-
ing to the formula

S, =—, @

ne Sic.p — the arithmetic mean of the sum of energy efficiency potential ratings by
n-th indicators;

n — the number of indicators on which the calculation is performed.

The third stage. Determination of the integrated rating score of the energy efficien-
cy potential of the region using formula

Sy :Z(Sjcep 'qi)’ (3)

where S;j — integrated rating score of the energy efficiency potential of the j-th re-
gion;

Qi — the significance of i-th indicators group.

Region with the highest Sy value has the biggest energy efficiency potential.

The results

The regions are ranked according to the integrated indicator and clusters are formed
according to assessment level of energy efficiency potential, which characterizes dif-
ferentiation of regional effectiveness of organizational and economic support of ener-
gy efficiency in the housing sector of the national economy, the bigger the energy
efficiency potential is, the lower energy efficiency considering the usage of energy
resources is in the residential sector and the larger volume of energy resources can be
saved, by increasing the effectiveness of organizational and economic support of en-
ergy efficiency in the residential sector of the national economy at the regional level

(Fig 1).
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Fig. 1. Assessment of energy efficiency potential in the residential sector of Ukraine
in the regional context, 2018 (developed by the author, data on the Autonomous Re-
public of Crimea are missing).



Dnipropetrovsk, Donetsk, Kharkiv, Odesa regions, and the city of Kyiv perform the high-
est energy efficiency potential.

The result of energy efficiency potential assessment of buildings allows evaluating not
only the effectiveness of all branches of the government in the implementation of energy-
efficient technologies but also to identify opportunities to introduce political instruments to
support sustainable construction practice based on stable development principles.

This approach requires balancing all factors of sustainability — economic, energy, ecologi-
cal and social.

Despite some positive changes in Ukraine's energy efficiency in general, the level
of effectivity in regions of the country has changed in different ways, which requires
taking in account certain regional specifics and, accordingly, setting adequate targets
for regions to realize the potential, which would take into account national goals and
regional specifics at the same time.

At the same time, it should be noted that, despite this, in Ukraine, a criteria base for
energy efficiency assessment has not been defined yet, as well as methodical devel-
opments for its measurement and comparison (it is possible to adequately compare
different countries and regions of the world in terms of energy efficiency, considering
climatic, territorial, infrastructural and other features). In this case, the only, relatively
universal and commensurate for international and regional comparisons of energy
efficiency is the energy intensity of GDP taking into account purchasing power parity
(PPS).

Scientific novelty

A methodological approach to integrated assessment of regional energy efficiency
potential has been developed, which characterizes the local features of energy con-
sumption and energy efficiency of the regions of Ukraine, and can also be used to
identify potential opportunities and priorities for energy efficiency management of
buildings.

Practical relevance

Firstly, the obtained results of the research allow making adjustments of energy-
saving policy and strategies of social and economic development of the regions of
Ukraine on a systematic scientifically substantiated basis, as well as be taken into
account in the development of relevant program documents. The practical use of the
obtained results of the implementation of this approach makes it possible to determine
the differentiation of regional effectiveness of organizational and economic support of
energy efficiency of the residential sector in Ukraine.



Conclusion

The obtained results make it possible to optimize the content of regional and local
strategies of sustainable energy development from a standpoint of energy efficiency,
implementation of effective mechanisms to stimulate the population to introduce en-
ergy-saving technologies on a basis of the integrated approach, in terms of which
along with creating the legislation, it is necessary to take into account the economic
interests of housing owners and investors. This fundamental moment was understood

in

all developed countries of the world.
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