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METHODOLOGY OF ESTIMATION OF ENERGY RESERVES AND ENERGY EFFICIENCY
OF THE HOUSING FUND OF UKRAINE

In this article for the first time, a two-level system of economic and mathematical models has been built, taking
into account economic, technical and social indicators, which allows predicting and optimizing the level of energy
consumption. The application of this system provides for the presence of input values of independent variables,
obtained by expert means or using trend dependencies. Based on the system of economic and mathematical models,
an optimizing function for the minimum consumption of energy resources per 1 sg. m. of living space and the
optimization function for the minimum consumption of energy resources per person have been obtained. It is proved
that the proposed economic-mathematical models characterize the controlled processes of energy consumption and
their interconnection. The article compares the calculated indicators of the optimal energy consumption with the actual
statistical data for the period, allows us to affirm the existence of a significant energy saving potential in the housing
stock of Ukraine.

Keywords: energy efficiency, economic and mathematical modeling, optimization function, minimization of energy
consumption, housing stock.
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Statement of the problem. In the modern world, availability and access of fuel and energy resources,
uninterrupted of supply and efficiency of their use largely determine the stability and pace of any country
development. The problem of increasing of the level of energy efficiency is not new as for Ukraine and for
each region in particular.

Ukrainian industry and the domestic sector are now extremely energy-intensive, and because of the
situation our country is dependent on energy resources that extracted abroad and it is not able to
significantly influence on price level of imported energy resources and substantially diversify its supply,
primarily this concerns for natural gas. This is reflected in the economic development of each of sectors
of the economy, and on the cost of production, and on the living standard for people who are forced to pay
more for heating and utilities every year.

The current situation raises the issue of saving energy resources in one row with key issues of the
state’s economic security, and the introduction of energy saving measures at all levels of the economic
mechanism determines the priority task, the timing and quality of which depends the functioning and even
survival of the entire country.

The search of the ways which increase the effective energy consumption in the housing and communal
services sector (Housing Utilities) of Ukraine should be done taking into account the real state of the
housing stock as well as above-mentioned reasons. It is established that more than 30% of the total fuel
consumption in Ukraine in the overall structure of energy costs falls on the housing and communal sector
that is one of the largest consumers of thermal energy.

The prerequisites for purposeful development of the organizational and technological potential of
energy saving and energy efficiency improvement of Ukraine’s housing stock redirect by rising energy
prices on energy resources, physical and moral depreciation of thermal and electric networks, machinery,
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equipment, buildings. Considerable factors of increasing energy efficiency should be attributed to the fact
that Ukraine, being integrated into the world economy, must observe the international economic principles,
one of which is the growth of energy efficiency.

The issue of energy efficiency and the economical use of energy resources has long been a matter of
urgency for many countries around the world. The increasing number of them tries to solve the problem
of efficient use of energy resources through the introduction of new technologies. And Ukraine, in terms
of its own capabilities, does not stand aside these tendencies.

Thus, Ukraine has taken a clear course towards achieving energy independence by adopting the
National Energy Efficiency Action Plan for the period up to 2020, which aims to reduce the final domestic
energy consumption by 9% in 2020 or by 6.5 million tons in the year. In 2017, is expected to achieve an
intermediate energy saving indicator of 5%. Achieving such indicators is possible in the way of
implementing appropriate measures in several directions at the same time: at the domestic level, in
industry, transport and services.

For the domestic sector, ways of improving energy efficiency such as: introduction of 100%
commercial accounting for energy use; improvement of construction norms and standards (in particular,
provision of an annual increase in the number of newly built buildings with close to zero energy
consumption); introduction of energy audit and certification schemes, energy labeling and indication of
information on the amount of energy consumption for energy consuming devices; introduction of minimum
energy efficiency standards; financial support of households for implementation of measures to increase
energy efficiency of residential buildings; conducting information campaigns to ensure energy savings due
to changes in the behavior of energy consumers and more extensive measures [1].

Energy saving in our country has a higher priority compared to the modernization of power engineering,
so it should be considered as an additional, quite real and effective “source” of fuel and energy resources.
Given that a significant part of the expenditures in the budget sector of cities and other settlements is related
to the cost of utilities, the issue of improving their energy efficiency is extremely relevant.

The previous studies made it possible to identify energy saving reserves in this sector, which,
according to overall estimates of scientists and practitioners, varies from 50% to 70% of the current level
of energy consumption.

During 2016, the population and business actively participated in energy efficiency activities. In
particular, thanks to the state support, people actively modernized (equipping with accounting tools of
energy consumption, insulation, etc.) of residential premises, and business massively switched to energy-
saving technologies. This indicates the beginning of the formation of a new culture of production and
consumption of energy resources in the country.

An overview of recent research sources and publications. A wide range of issues related to the
development of energy, in particular to expand the use of renewable energy sources, minimize the
volumes and cost of energy used to provide services to improve energy efficiency, are considered by M.
Radovanovic (Golusin), S. Popov, S. Dodich (2013) [2]. The study of the difference in energy efficiency
depending on the group of consumers and its type was reflected in the work of K. Gillingham, K. Palmer
(2014) [3]. An analysis of the world's energy use, incentives and tariffs for utilities, as well as energy
management programs for buildings is presented in the works of K. Smith, K. Parmenter (2015) [4]. The
potential of the utilities market, the role and tasks of its players, the modeling of demand and the
forecasting of energy prices have been studied by F. Sioshansi (2016) [5]. Strategies for managing energy
consumption for efficient use of resources in the conditions of technological progress are given in the
works of G. Kayakutlu, E. Mercier-Laurent (2016) [6].

R. Podolets (2006) considered in his writings the problems of using mathematical models to determine
the optimal directions and volumes of investments in the energy industry [7]. In the works of V. Kapustyan,
M. Chepelev (2014) was proposed an approach to study adequacy of economic and mathematical tools
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which used for the assessment of impacts of subsidies in the energy sector of the economy or housing
[8]. The issues of development of economic-mathematical models of the dynamics of the changing state
of the housing market were studied by Galchinskiy L. (2010) [9]. The technical condition of the housing
stock of Ukraine was investigated by M. Sukhonos, T. Molodchenko (2014) [10]. The problem of energy
saving in the housing fund was considered by V. Volkov (2013) [11]. However, there is an open question
of optimization of the energy efficiency indicators of the existing housing stock, including with use of
economic-mathematical methods.

The main purpose of this work is to develop a methodology for estimating energy efficiency
indicators of the existing housing stock, based on building an optimization economic-mathematical model
for determining energy consumption reserves.

The main results of the research. The analysis of theoretical developments and the current
regulatory framework for assessing the energy efficiency of consumers use various indicators, namely:
physical and technical (consumption, transportation and storage of FER), socio-energy (level of energy
and economic expenditures), economic-energy (the ratio between economic performance and relevant
expenditure FER).

As a rule, the energy efficiency indicators are the specific values presented as a ratio of energy
consumption (measured in energy units — kilowatt-hours, joules, tons of oil equivalent, etc.) to activity data
(expressed in natural units — per unit of production, floor space, per capita, etc.):

Energy consumption
Operations

The level of energy efficiency =

1)

The energy efficiency indicators are calculated at the level of end-use or economic activity, or even at
the level of equipment energy consumption. For example, within the residential sector energy consumption
for heating per unit area is a measure of efficiency at the level of final consumption. The consumption of
household technical devices is an indicator of energy efficiency at the level of equipment energy
consumption [12].

However, the existing methods of assessing the energy efficiency of the housing sector do not take
into account several key positions: the technical condition of the housing stock and its available reserves
for optimizing energy consumption, the level of household income and their real opportunities to participate
in state and regional energy efficiency programs; introduction of a justified tariff policy for energy resources
and an appropriate social protection policy and the amount of social payments (subsidies). This makes it
impossible to effectively implement state and regional energy-saving programs.

In view of the foregoing, it is advisable to carry out an assessment of energy consumption reserves
and the possibilities for efficient consumption of energy resources in the housing stock of Ukraine, taking
into account economic, technical and social indicators. This allows us to forecast and optimize the level of
energy consumption.

To reveal the energy saving reserves of the housing stock (increasing its energy efficiency), the materials of
the State Statistics Service of Ukraine were used for the period from 2009-2015 [13], on the basis of which the
basic indicators of energy efficiency of the existing housing stock were determined (Table 1).

Table 1 - The basic indicators of energy efficiency of the existing housing stock (author's elaboration)

Indicator Energy consumption Operations
Consumption of energy resources for Final consumption household (E]Ef]'ii?n;ﬂ;[;?ﬂ?ﬂ?giﬂg%j‘;ﬂ;@;?ti
1sq.m. of residential square toe/sg. m. sector total, thousand toe (Y1) P ),
thousand m2 (Y3)
Energy resources consumption per Final consumption household - )
capita, toe/person sector total, thousand toe (Y1) The existing population, thousand (Y2)
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Data for 2016 was obtained by predicting by the method of analytical representation of the trend (linear,
exponential, power-law dependence) and the method of least squares (polynomial and exponential
dependence of the second order). For each model, the adequacy check indicators were calculated: the
correlation coefficient and the F-statistic. It is established that all the selected models are adequate.

Given the complexity and diversity of the housing stock and to implement a more detailed assessment
of its efficiency is proposed to consider it as a system, and accordingly, to apply such a scientific approach,
like a decomposition that allows us to consider any studying system as a complex, consisting of separate
interconnected subsystems , within which, in turn, can be allocated to subsystems of lower rank.

Factors influencing the components of energy efficiency indicators (Y1, Y2, Y3) were selected using
correlation regression analysis. Evaluation of the importance of factors affecting the energy efficiency
indicators of the existing housing stock is a prerequisite for building a system of econometric models. The
groups of factors of influence on the level of energy consumption of the existing housing stock are: 1)
economic (level of income and household consumption expenditures, energy prices, expenditures on
maintenance of housing and communal services from state and local budgets, expenditures and major
repairs of buildings) 2) technical (the level of provision of single-family houses with heating, the disposal
and receipt of the total area of residential premises, the state of the housing stock (emergency,
dilapidated)) 3) social (level of remuneration, pension provision on average per household and the amount
of subsidies and privileges for housing and communal services).

Taking into account the influence of these factors on the energy efficiency indicators of the existing
housing stock allows us to obtain a more accurate estimate of the energy efficiency of the country's
housing stock and to determine the reserves of energy consumption.

Economic-mathematical modeling of energy efficiency indicators of the existing housing stock includes
the construction of a system of econometric models in order to obtain the optimization function of energy
consumption. The construction and implementation of econometric models is performed in the
STATISTICA 8.0 application package (a universal integrated system designed for statistical analysis and
data processing) an example is presented in the article [14].

As aresult of this research, the hierarchical tree of logical inference was built to represent the obtained

results in general form (Fig. 1-2):
OIO}
22

21 73

—p extr

V1 V2 V3 Uz Uz Us

Figure 1 — Hierarchical tree logical inference to optimize energy consumption indicator per
1 sq. m. of living space (author’s elaboration)
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Figure 2 — Hierarchical tree logical inference to optimize energy consumption indicator per capita
(author’s elaboration)
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The elements of the tree are interpreted as follows: arcs, leaving the vertices are the effective characteristics;
arc incoming in the vertices are the factors of influence; the vertices are the economic-mathematical model.
Hierarchical tree (Fig. 1) corresponds to the objective function and system constraints (2):

X, =Cy+CZ, +C,Z, +C,Z
y a0+a1X+aX+asx ) 2 0 141 242 343
L _ 1 ThA, 3 > min: S, =0, + 0V, +0,V, + 0V, (2)

Y, b,+bS, +b,S, +b.S,
Sy =By + By + U, + BiU,

Hierarchical tree (Fig. 2) corresponds to the objective function (3):

L: 3 +aX +a,X,+a,X, — min @)
Y;  90t0Q +9,Q, + 0,0, +9,Q,

Schematically, a two-level system of econometric models is shown in Fig. 3.

The application of this system assumes the presence of input values z1, z2, zs; V1, V2, V3; Ui, Uz, Us,
obtained expertly or using trend dependencies. It is proved that the proposed economic-mathematical
models characterize the controlled processes of energy consumption and their interconnection.
Instruments of state regulation, management decisions of local self-government, as well as at the level of
management of housing and communal services enterprises, can be improved.

Received optimization function of the minimum energy consumption per 1 sg. m. of residential space
on the basis of economic-mathematical models (2) (4) with the following restrictions:

Y, _ 8y +3,X; +8,(Cy +C,2, +C,7, + €75 ) + 3, X, s min @
YZ b() + bl (50 + 61\/1 + 62\/2 + 63v3)+ bZSZ + b3 (:Bo + ﬁlul +ﬂ2U2 + ﬁ3u3)
10721 = X1 = 12265; 798,92 S; 21762,77; 2415,13 2 71 2 4782,65;
258,89 = X, 2 570,0; 6055,6 = S,= 34458; 17,8 22,2 78,19;
100,32 X3=215,8; 11693,9 = S3 > 41128; 2669,96 = z3 = 4946,09;

207619,9 = v1 =2 405727,3; 2278 = uy = 4057,8;

64,92 > v, > 844 4; 1014 = up> 1184 ,48;
4586,9 = v3 = 19679,9; 5092,16 = us = 8010,49;
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X1 — equipment of apartments
(single household) heating (towns
and countryside), thousand units.

X2 — consumer total expenditure on housing,
water, electricity, gas and other fuels, UAH
(average per month per household)

X3 — consumer price indices for
housing, water, electricity and other
fuels, % (on the previous year)

S1 —the total area of renovated Sz — disposal of total area of residential
residential premises, thousand sg. m. premises, thousand sg. m.

Ss — receipt of total area of residential
premises, thousand sg. m.

Q:—wages, UAH (average || Q2—income from entrepreneurship and
per month per household) || self-employment, UAH (average per month
per household)

Qs — pensions, UAH
(average per month
per household)

Q. — the number of
households,
thousands

Il level of the hierarchy

IFormation, parameterization and verification of models of depending on the level of consumer total expenditures for housing,,
Iwater, electricity, gas and other fuels; of the total area of renovated premises; inflow total area of the premises indicators zs,,

:Zz, Z3; V1, V2, V3; Uz, Uz, Us.

on the indicators Xz, S1, Sa.

Results of constructing and analyzing the correlation matrix for model of second level demonstrate a sufficient level of influence|

X, =-3,809+0,09-2z,+1,29 -2, +0,002 -

by

X,=-3,809+0,09-4800+1,29-80+0,002-5000=541,39 UAH |«

S, =—867,88+0,005-v, +1,218-v, +0,009-v,

S, =-807,88+0,005-300000+1,218-60+ 0,009-10000=795,2 thousand sq.m. <
8, =-7966,79-12,53-u, +29,5-u, + 7,36 -u,
§,=-7966.79-12,53-2300+29,5-1000+7,36-5800 =35402,21 thousand sq.m. &

71— aggregate consumer expenditures,
UAH (average per month per

household), total cash costs (average per month per household)

2> — benefits and non-cash subsidies for housing and
communal services, electricity and fuel, UAH

23— cash income, UAH
(average per month per
household)

v1 — the total cost of capital repairs of |

houses. thousand UAH million UAH

v2 — expenditures for housing from state budget, |

vs— expenditures for housing
from local budaets. million UAH

uz — old housing stock (urban
settlements and rural area), total area,

thousand sg. m.

uz — the emergency housing fund (urban settlements
and rural area), total area, thousand sq. m.

us —the area of residential new
construction, thousand sg. m.

Figure 3 — The two-level system of economic-mathematical models (author’s elaboration)

The results of calculations of minimal energy consumption for 1 sg.m. of living space in Ukraine is
0,014 toe/sg.m.
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Based on economic-mathematical model (3) it was received optimization function of the minimum
energy consumption per person (5) with the following restrictions:

Y, a+aX +8,(Co+C,Z, +C,2, +C7; ) + A X,

— min
Y, @0+ 9Q +0,Q, + 9,Q; +9,Q,
10721 2 X1 = 12265; 1446,4 =2 Q1 = 2263,9; 241513 2 21 2 4782,65; (5)
258,89 = X, 2 570,0; 156,24 = Q2= 330,1; 17,8 22,2 78,19;
100,3 = X3 2 215,8; 597,24 = Qs =2 1239,08; 2669,96 = z3 = 4946,09;
14455,5 > Q3 = 17096,8;

The results of calculations of minimal energy consumption per capita in Ukraine is 0,273 toe/person.
Fig. 4 shows the dynamics of the energy efficiency of housing stock in 2009 - 2016 and the best values
of energy consumption in Ukraine.
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= Energy resources consumption per capita, toe/person
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Figure 4 — The dynamics of indicators of the energy efficiency of housing stock in Ukraine
(author's elaboration)

Resulting in optimal energy consumption per 1 sq. m of living space in Ukraine is 37.9% lower than
actual, and the index of the optimal energy consumption per person in Ukraine is 16.5% lower than the
real one, this indicates that the existing housing stock has significant potential for energy savings.

In this regard, in the sphere of exploitation of housing stock, priority is given to ensuring minimum
energy consumption due to the implementation of a complex of energy-saving measures during the life
cycle of construction objects. However, the life cycle of construction products is quite long. During it, there
may be some changes in construction technologies, production technologies and energy consumption, in
Macroeconomic processes.

Taking into account these changes, along with a number of architectural, organizational, technological,
and economic factors, will provide an adequate definition and justification of the economic efficiency of
energy saving measures with the complex reconstruction of the housing stock and secondary building of
residential neighborhoods.

The solution of the energy efficiency problem in the housing stock is a significant reserve of the
economic potential growth in this area, as the reconstruction and overhaul (thermo-modernization) of the
housing stock will increase the business activity in the industry, will improve the living conditions of the
population, will contribute increasing of employment as a result of infrastructure development in this area
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(energy audit, energy service companies), will reduce the dependence on exhausted resources.

The main constraining factor of investment activity in the sphere of energy saving is the chronic lack
of funds from the state and local budgets. Therefore, to finance projects in the field of energy saving, it is
necessary to use different forms of interaction between state, international and market institutions, taking
into account the current situation on the domestic financial market and the prospects for its development.

An important role in the process of investing in energy saving should be played by additional resources
that arise in the economy as a result of its market transformation (performance contracting, project and
debt financing, revolving funds, leasing of energy equipment, energy saving funds at different levels of
management, partnership funds, venture capital funds, funds of international organizations).

However, the problem of increasing energy efficiency indicators cannot be solved without taking into
account the specific features of the socio-economic development of regions in which a certain energy-
saving infrastructure is created. At the same time, despite the presence of a numerous of achievements
in the area of increasing energy efficiency indicators just at the regional level, practically does not use a
systematic approach to the development of energy-saving policies and strategies for managing of energy
efficiency in the economy.

The introduction and use of resource-saving and energy-saving technologies should be related to the
strategies of socio-economic development of Ukraine and its regions and considered in developing
relevant program documents.

Conclusions and further research directions. Thus, a methodical approach was developed to
assess the energy efficiency of the existing housing stock in order to identify energy consumption reserves,
which makes it possible to determine the appropriate directions for the formation of state and regional
energy saving policies and improving the energy efficiency of housing in Ukraine; legislative resolution of
the issue of improving the energy efficiency of buildings; carrying out measures to renovate and improve
the quality of housing stock and increase its energy efficiency; improving the mechanism for stimulating
the introduction of energy-saving technologies and creating attractive conditions for the implementation of
investment projects in the housing sector, informing the general public and forming a conscious attitude
to the need for efficient and economical consumption of fuel and energy resources in society.

The expected benefits of energy efficiency for Ukraine is the reduction of energy consumption and
dependence on their import, the growth of welfare of population, reducing investment in energy
infrastructure and improvement of the ecological situation after reduction of greenhouse gases. The
proposed method can be applied to determine the energy efficiency indicators at the regional level.
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0.B. KomeniHa, o-p eKkoH. Hayk, npocdecop kadeapy MeHemKMEHTY i noricTuki, MonTaBCbkuii HaLiOHANbHUA TEXHIYHWIA
yHiBepcuTeT iMeHi FOpist KonppaTioka (M. MonTasa, YkpaiHa);

C.A. ljep6iHina, cTapLunii BUKnagay kadeapyu ekoHOMIYHOT KiGepHeTWKW, MoNTaBCbKMiA HALOHANbHUA TEXHIYHIIA yHIBEPCUTET
imeHi tOpist Kongpartioka (M. MonTaea, Ykpaixa)

MeToauka oujiHKM pe3epBiB eHEProcnoX1BaHHS Ta eHeproed)eKTUBHOCTI XuUTNoBoro doHay YkpaiHu

Y cmammi QocnidkeHO nNOKasHUKU echeKmuUBHOCMI eHepeoCnOXuBaHHs Xumogoeo (hoHOy YkpaiHu e uinomy. Po3pobneHo
0OsopigHesy cucmeMy eKOHOMIKO-MamemMamuyHux modened Onsi nobydosu onmumisayitiHoi - ¢hyHKUii  MiHiMi3auii - cnoxugaHHs
eHepeopecypcig. 30iLiCHEHO NOpIBHSHHSI PO3PaXyHKOBUX NOKA3HUKIE ONMUMAITEHO20 EHEP2OCNOXLBAHHS 00 (haKMUYHUX CMAamUCMUYHUX
OaHux 3a nepiod, ujo 0038011sE CMBEPAXY8amu NPo iCHYB8aHHS 3HaYHO20 NOMeEHUjary eHep2o3bePEXeHHs Y XUmmosoMy (hoHdi YkpaiHu.

Kntoyosi crnoBa: eHeproeeKTUBHICTb, EKOHOMIKO-MaTeMaTUyHE MOZEMIBaHHS, ONTUMI3aLiiHa YHKLS, MiHiMisaLis
€HEProCMOXVUBaHHS, KUTINOBUI (DOHL.

0.B. KomenuHa, [-p 3K0H. Hayk, Npodheccop kadeapbl MEHeMKMeHTa W NOTUCTVKM, MonTaBCKuUi HAaLMOHAMbHbIN TEXHUHECKUI
yHuBepcuteT umeHu K0pust Konppartioka (r. MonTasa, YkpauHa);

C.A. lllep6uHuna, cTaplwwii npenofasatenb Kadenpbl 3KOHOMMYEcKoi kubepHeTuki, [oNTaBCKMd  HALMOHANbHbIA
TeXHu4eckwin yHnsepcuteT umenn Kopus Kongpartioka (r. MonTaea, YkpauHa)

MeToauka oLeHkM pe3epBoB 3HepronoTpedbneHus n aHeproadhheKTMBHOCTY Xunoro hoHaa YKpauHbl

B cmamee uccnedosaHbi nokazamenu 3(hgheKmusHOCMU 3Hep20nompebneHus KumuwHo20 hoHOa YKpauHbl 8 UESToM.
Paspabomata 08yxyposHesasi cucmema 3KOHOMUKO-MameMamuyeckux modeneli Ons NOCMpOoeHUs onmMuMU3ayuoHHoU hyHKYuU
MuHUMU3ayuu  nompebneHus  3Hepeopecypcos. OCywecmeneHo CpasHeHUE pacyemHbiX nokazamenel OnMuMasnbHO20
3HepaonompebneHus K hakmudeckum cmamucmudeckuM aHHbIM 3@ nepuod, Ymo no3gonsem ymeepxdams 0 CyuecmeogaHuu
3Ha4UMesnbHO20 NOMeHYUana 3Hep2ocoepPexeHUs 8 XUNUWHOM GhOoHOe YKPaUHbI.

KntoueBble croa: 3HeproaeKTMBHOCTb, SKOHOMMKO-MAaTEMAaTUYeckoe MOZEnMpOBaHNe, ONTUMU3ALMOHHAS (yHKLMS,
MVHAMW3ALMS 3HEPronoTPebneHns, KUMLLHbIA (OHA.
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