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SUSTAINABLE DEVELOPMENT
ECONOMY: DETERMINATION

OF ENERGY EFFICIENCY OF PRIVATE
HOUSES ON THE BASIS OF DATA
ON HEAT GAS CONSUMPTION

IIpoanarizosani cmamucmuuii 0ani npo UMPamMu 2asy Ha ONALEHHI NPUBAMHUMU OOMOZOCNO0ap -
cmeamu kpain CH/[. 3anpononosana memoouxa ouinku enepzoeexmusnocmi npueamnozo Oyounxy na
nidcmaesi cepednix NOKA3HUKI6 eumpamu 2a3y 3a ONar06albHull ce3on. Busnaueni numanns xiivkicnoi
OUTHKU MeNnioBoi enepezii ma enepzopecypcis, AKi 6UMpPaAUarOmMvcs Ha ONAIeHHSI NPUBATNHOZ0 OYOUHKY.

Kmouosi cnosa: enepzoedexmusiicms npusammnozo 6yOunKy, 6UMpamu 2asy Ha ONaieHns, KiibKicna

oUinKa meniosol enepzii ma enepzopecypcis.

1. Introduction

The heating and ventilation of a private house takes
about 72 % of all energy resources it has spent [1]. Re-
ducing the cost of heating will significantly reduce the
cost of maintaining the house. It is for this reason, and
especially in recent years, when energy prices in Ukraine
have reached the world level, many owners of private
houses have become actively interested in energy efficiency
issues, which can serve as a guarantee of sustainable de-
velopment of the state economy.

The homeowners with the heating system that uses
natural gas as fuel are asked: what gas consumption per
unit of heated area are considered «normals, and what
measures need to be taken to reduce real consumption
at the same «normal» level?

This article is devoted to answers to these questions
of ordinary consumers.

2. The ohject of research
and its technological audit

The object of this research is the energy efficiency of
private houses as a guarantee of sustainable development
of the state economy. To reduce the cost of heating the
buildings on the basis of data on gas consumption, a study
was made of the energy efficiency of a private house based
on the average gas consumption figures for the heating
season on the basis of the initial data [2]. In light of the
most famous researchers who dealt with energy efficiency
and energy conservation, [3—7], as well as the widespread
Internet resources Consumption of energy [8], Shedding
light on energy in the EU [9].

When considering the problem of energy saving in the
housing and communal sector in the world practice, the
main attention is usually paid to energy saving in the
heating season, when their consumption is maximized. That
is why it is necessary to take an example from countries
such as the United States, China, the United Kingdom,
Switzerland, the European Union countries that are ac-

tively engaged in energy efficiency and energy saving in
order to save energy.

3. The aim and ohjectives of research

The aim of this article is formulation of criteria for
assessing the energy efficiency degree of a private house
based on data on gas consumption for heating.

To achieve this aim, the following tasks have been
accomplished:

1. To analyze statistical data on gas consumption for
heating by private households.

2. To propose a methodology for assessing the energy
efficiency of a private house based on average gas con-
sumption for a heating season.

4. Research of existing solutions
of the prohlem

Many scientists and practitioners are engaged in research
on heat energy and energy resources spent on heating
buildings, energy efficiency and energy conservation. The
paper [1] proposes an algorithm for conducting energy
audits and measures to reduce the energy consumption of
industrial enterprises in heating systems. General issues of
energy efficiency and gas consumption in the heating season
are considered by users of Internet resources [2-5, 8—10].
The economic efficiency of the use of network solar power
plants in private households is calculated and presented in
a scientific study of authors [11]. The authors [12] analyze
the experience of using heating systems on the basis of heat
generating units. General issues for the design of water
heating systems are presented in [13]. The authors of the
scientific study [14] propose a model and modification of
the hierarchy analysis method for assessing the energy
efficiency level. Output data and standards for thermal
insulation of buildings can be taken from the DBN [15].
The real prospects for energy efficiency in the US are
investigated by the National Academy of Sciences and the
National Press Academy of Washington [16]. Interesting
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are the works of scientists from Switzerland who in 2016
studied energy conservation in temperate climates [6] and
energy efficiency in China [7].

The analysis of literature sources shows that the con-
sumption of heat energy for heating the house depends
on many factors, the most important of which are:

— general architectural and building characteristics of

the building (primarily its area and volume);

— used materials in the construction and repair of con-

struction, as well as heat insulation, which directly

affect the heat loss of the building;

— the geographical location of the house that determines

the difference in temperature inside and outside the room

and affects the necessary power of the heating system;

— characteristics of heating and ventilation systems

(type of systems, parameters of installed heating equip-

ment and its efficiency).

Thus, to answer the question of what the «normal»
gas consumption per unit of heated area should be, it is
necessary to have a sufficiently large amount of data. And
even in this case, the estimated consumption of energy
resources will be only approximate, since some initial
data (for example, the difference in temperature inside
and outside the room, depends on climatic factors) are
of a probabilistic nature.

However, the issue of quantitative evaluation of thermal
energy and energy resources spent on heating a private
house is of very important practical importance.

5. Methods of research

Statistical data on gas consumption for heating by private
households obtained on the basis of entries left by users
of the FORUMHOUSE Internet forum: Gas consumption
for heating in winter [2].

This resource has been underway for several years, and
for this time more than 350 people have shared their data
on the gas expenses that are spent on heating. However,
253 records were selected for the study, containing at least
four mandatory components: the geographical location of
the house, its area, the observation period and, in fact, the
consumption themselves (hourly, daily, monthly or seasonal).
Additional characteristics taken into account during the
study were the structural parameters of the house (con-
struction technology, wall materials, floors, ceilings and
roofs), the degree of its insulation (thermal insulation
materials and their thickness were used), as well as the
characteristics of the heating system and the parameters of

The distribution of private houses along the heated
area is shown in Table 1. As can be seen from the table,
the largest number of houses that fell into the study has
an area from 61 to 120 m? which corresponds to the
subjective perception of the concept of «average house».
The second in number is a group of houses with an area
of 121..200 m? The houses of both groups are about
72 % of the sample.

Table 1
Distribution of private houses by heated area
Groups of houses by heated area, m?
Distribution of Total
private houses | 30 | 61,120 | 121200 | MOT® | O
than 200
Absolute number
of houses in the 16 99 83 55 253
group
Relative number
of houses in the 6.3 39.15 32.8 21.75 100
group, %

All the data on consumption were reduced to one in-
dicator — the average gas consumption for heating for the
entire heating season. The difficulty was that in addition
to seasonal, homeowners also indicated hourly, daily and
monthly consumption, while clarifying the climatic con-
ditions in the observable period (Table 2). Often there
were cases when consumption indicated for several peri-
ods (duplicated), most often — day and month or month
and the entire heating period. In addition, the statistics
of some homeowners contained a detailed report on gas
consumption for all months of the heating season. The
latter allowed to compose the average relative intensity of
use of the heating system in the heating season (Table 3).
According to the table below, the winter months are the
coldest, and the heating system during this period works
with the greatest intensity, conditionally taken as one.
During the transition period (November and March), the
heating system is used on average by 75 %, and at the
beginning and at the end of the heating season (October
and April) — by 50 %. The total intensity of use of the
heating season for the season is 5.5, at the same time
the total number of months in the heating season is 7.

Tahle 2

Distribution of data on gas consumption for heating, depending
on the observation period*

its operation, the type of gas boiler, the exposed coolant
. Period of observation of consumption

temperature, the method of heat transfer — radiators or Data on gas con- Total
warm floors, the availability of automation, etc.). sumption Hourly | Daily | Monthly | Seasonal

Analysis of the geography of the houses in the study
sample showed that the majority of them (more than 80 %) g]?:;is;;#?her off 4 110 g 41 253
are located in the III climatic zone and nine Atlantic-
conti.n'entz.ﬂ European 'regions according to the B. Alisov Hbelaﬁve ‘numh;l“ of| 45 435 9.1 16.2 100
classification [17]. This includes the greater part of Uk- |0bservations, %
raine (with the exception of the southern regions and Note: * — excluding data duplication.
the Crimea), Belarus and the European part
of Russia. The remaining part of the houses Tahle 3
is approximately in equal proportion in the Averaged relative intensity of use of the heating system for the season
more northern and in the more southern areas
of the same climatic zone. Thus, it can be Month | October | November | December | January | February | March | April | Season
concluded that the data on the geographical Intensity | 0.5 075 1 1 1 075 | 05 | 55
coverage of houses are of an average nature.
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The method of recalculation of hourly, daily and monthly
indicators into seasonal ones is given in Table 4.
Table 4

Method of recalculation of hourly, daily and monthly indicators
into seasonal

The formula for the transition
Output ;
to seasonal consumption
Hourly consumption H S=H*24*30"]
Daily consumption D 5=D0*30"
Monthly consumption M A=M"1

Note: * — the coefficient I is taken equal to 5.5 if the readings
are taken in the cold months (December, January, February) and
8.8 (5.5/(0.5-(0.5+0.75)) — in the off-season (October, November, March,
April).

According to the received data, for all 253 houses
in the sample, a diagram is constructed of the seasonal
gas consumption for heating, depending on the heated
area (Fig. 1). Fig. 2 provides a more informative diagram
of unit consumption that illustrates the amount of cubic
meters of gas spent by different households for heating
one square meter of area during the entire heating season.
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Fig. 1. Diagram of seasonal gas consumption for heating,
depending on the heated area
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Fig. 2. The diagram of the specific seasonal gas consumption for heating

Fig. 3 shows a diagram of the specific monthly con-
sumption of heating, obtained by dividing the values of
seasonal consumption for 7 months of the heating period.
This diagram allows to get the most averaged data on
the consumption, taking into account the temperature
fluctuations in the cold months and off-season.
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Fig. 3. Diagram of the specific average monthly gas consumption
for heating

The main factor affecting the value of average monthly
specific consumption, other things being equal, is the degree
of house insulation, that is, its energy efficiency. Some
role in the spread of data also contributes to the climatic
factor, because even for the same geographical location the
temperature in the same month from year to year varies.

Based on the analysis of average monthly specific con-
sumption data, a classification of buildings according to the
degree of their thermal insulation is proposed, given in Table 5.

Table 5

Classification of buildings by the insulation degree based on data
on the specific average monthly gas consumption in the heating season

Class of the | Specific average monthly Characteristics of house
house gas consumption, m®/m? insulation
Less than 2.0 Wonderful insulation
B 2.0...29 Excellent insulation
C 3.0...39 Well insulation
D 4.0...48 Satisfactory insulation

5.0...70 Unsatisfactory insulation

Absence of insulation, heat loss

Maore than 7.0 .
is unacceptable

According to the proposed method, all the houses that
are included in the study are assigned to one or another
class. Sometimes the same house, for which several values
are given on the gas consumption in different observation
periods, fell into several classes. In this case, when deciding
whether the house belonged to a particular class, climatic
conditions (the temperature difference inside and outside
the room) are taken into account, at which gas flow mea-
surements are made — Table 6. For example, according
to observations for 2 months and calculating the average
monthly specific gas consumption, the house belongs to
class B. However, according to the data of the third month
of observations and the corresponding average monthly gas
consumption, the same house should be classed as C. At
the same time, in the third month temperature drop, falls
in the range of 45..55 °C, which is much higher than the
average value (25...35 °C). So, if the temperature difference
in the third month was not so high, but as average, then
the gas consumption would be lower, and the house would
most likely fall into class B. This circumstance allows to
eventually classify the house in class B.

5
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Table 6
Gradation of months of temperature difference inside and outside the house
des[i:;rll?;iun Dhse;i\irsg i:ss;llzeoréture Characteristic of the month

45...55 Extremely cold

35...45 Very cold

25...35 Cold (mean value of the difference)

15...25 Off-season, relatively cold

05...15 Off-season, relatively warm

Fig. 4 shows a histogram of the distribution of houses in
the sample, according to the energy efficiency classes (de-
gree of warming), depending on the average monthly gas
consumption in the heating season.

Relative distribution of houses, according to the
specific average monthly gas consumption, %

D

Fig. 4. Belative distribution of houses into the study, according
to the specific average monthly gas consumption
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Fig. 5 is a graph of the average monthly gas consump-
tion for heating houses of different classes, depending on
the heated area.
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Fig. 8. Average monthly gas consumption for houses of various classes,
depending on the heated area

It can be seen from Fig. 5 that the most gas consump-
tion for heating the house is carried by those consumers
who have low house warming characteristics as described
in Table 5 of the classification.

6. Research results

B6.1. Analysis of seasonal gas consumption for heating,
depending on the heated area. In the diagram in Fig. 1,
it is possible once again make sure that most of the houses
in the research have an area of up to 200 m?. Seasonal gas
consumption of houses with the same area fluctuates within
very wide limits, and with an increase in heated area, the
range of variation in absolute values also increases.

6.2. Analysis of specific seasonal gas consumption for
heating. The diagram in Fig. 2 shows that the seasonal
gas consumption for heating the same area can vary by
a factor of 5-6. Having constructed a regression line, it
is possible to determine some average values of specific
seasonal consumption, regardless of the heated area, are
about 38 m3/m?2 The corresponding monthly average spe-
cific gas consumption are 5.4 m3/m? This value practically
coincides with the subjective opinions of the participants of
the forum [2], who assert that 4—5 cubic meters of gas are
spent on heating on 1 m? a month, while the consumption
of about 3 m?/m? indicates good insulation of the house.

6.3. Analysis of the average monthly gas consumption
for heating. The diagram of Fig. 3 of the specific average
monthly gas consumption for heating during the whole heating
season (7 months) allows obtaining the most average data
on consumption taking into account possible temperature
variations in the cold months and off-season. It is for this
reason that these data form the basis for classifying buildings
according to the degree of warming in Table 5, characteri-
zing their energy efficiency and economic feasibility.

6.4. Analysis of the relative distribution of houses hy
insulation classes. The histogram of Fig. 4 shows that about
60.5 % of the houses taken into account in the study have
well-insulated (classes A...C). Such high percentage of energy-
efficient houses is unlikely to be an arbitrary sample and is
more likely related to the thematic focus of the forum [2].
Visitors to the forum are not random Internet users, but
those who are interested in the topic of energy consumption
for heating their houses. It is no coincidence that among
the visitors of this forum a high percentage of those who
have already taken real measures to reduce heating con-
sumption have insulated their houses. At the same time,
about 20.5 % of houses in the sample are very high and
even unacceptable heat loss from an economic point of
view. Perhaps the owners of such houses after studying
the information of other forum users will think and take
measures to reduce energy consumption for heating.

6.5. Analysis of the factors affecting the energy efficiency
of the house. Undoubtedly, the main factor determining
the level of gas consumption for heating is the insulation
degree of a private house. It is important to note that the
maximum energy savings can be achieved only in the case of
an integrated approach to insulation. Insufficient to insulate
only the walls or the floor, it is necessary to eliminate all
«weak spots» in the thermal insulation of the house: install
energy-saving windows and doors, fully insulate the floors,
walls and ceilings (roof). It is necessary to use high-quality
thermal insulation materials, and their thickness should be
calculated based on the standard values of heat losses and
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for these climatic conditions. In addition, it is very important
to give sufficient attention to the efficiency of the heating
system. The use of old gas boilers without timing (periodic
shutdown of the gas burner), incorrect settings of heating
equipment, inadequate heating system design can negate
all efforts to warm the housing.

As shown by the study, the least gas consumption for
heating is at house, built on modern wireframe technology,
which just provides a comprehensive approach to energy
conservation. All such houses that fall into the study sample
belong to classes A and B.

7. SWOT analysis of research results

Strengths. The strength of research is certain issues of
quantitative evaluation of thermal energy and energy re-
sources spent on heating a private house and analyzing the
factors that affect the energy efficiency of a house.

Weaknesses. The weakness of research is that a high
percentage of energy-efficient houses is unlikely to be an
arbitrary sample and is more likely related to the thematic
focus of the forum [2].

Opportunities. Opportunities for further research are
borrowing the experience of foreign countries, which are
actively engaged in energy efficiency and energy saving
in order to save energy.

Threats. Threats to the results of the conducted re-
searches are the understanding that the maximum energy
savings can be achieved only in the case of an integrated
approach to insulation, which is beyond the power of all
consumers from an economic point of view.

1. The issues of the quantitative evaluation of thermal
energy and energy resources spent for heating a private
house are determined. The distribution of private houses
on the heated area is carried out; distribution of data on
gas consumption for heating, depending on the period of
observation; the averaged relative intensity of use of the
heating system for the season is calculated.

2. The proposed methodology for recalculating hourly,
daily and monthly indicators into seasonal ones, taking into
account the seasonality factor of the heating season. The
classification of buildings according to the degree of their
thermal insulation is developed on the basis of the analy-
sis of the monthly average specific gas consumption in the
heating season and the average monthly gas consumption for
houses of various classes are calculated, depending on the
heated area, on the basis of which it is possible to estimate
the energy efficiency of private houses in the sample.
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3KOHOMMKA YCTOHYMBOTO PABBUTHA: ONPERENEHHE
JHEPIr039®PEKTHBEHOCTH YACTHBIX JOMOB HA OCHOBE
HAHHBIX 0 PACXOJE I'A3A HA OTONNEHKE

IIpoanann3npoBanbl CTATUCTHUECKHE JAHHBIE O PACXO/ie Ta3a Ha
oTorieHne YacTHbIMU qoMoxo3siictBamu ctpad CHI. ITpemmoskena
METO/IMKA OIIeHKN 9HeProaHeKTUBHOCTH YACTHOTO JIOMa Ha OCHOBE
YCPeTHEeHHBIX IIoKa3aTesell pacxo/a rasza 3a OTONUTEIbHBIN CE30H.
OtpeiesieHbI BOITPOCH KOJTUYECTBEHHOI OIEHKH TETLIOBOW 9HEPTUN
U 9HEPTOPECYPCOB, PACXOYEMBIX Ha OTOIJIEHHE YAaCTHOTO JIOMA.

Kmouesste cnoBa: 5HeproahHEKTHBHOCTD YACTHOTO /IOMa, PACXO/L
rasa Ha OTOIUICHME, KOJMUECTBEHHAs OICHKA TEIJIOBON dHEpruu
U 9HEPTOPECYPCOB.
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