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COMPLEX ASSESSMENT OF THE ENERGY-SAVING MEASURES EFFECTIVENESS
IN THE FIELD OF HEAT SUPPLY OF EDUCATIONAL INSTITUTIONS

The work is devoted to solving an urgent scientific problem - increasing the informativeness of methods for as-
sessing the effectiveness of energy saving measures in the areas of heat supply and heat consumption. The purpose
of the research was to create and implement a method for multicriteria evaluation of the effectiveness of energy-
saving measures for the thermal energy of buildings. The following indicators are used as criteria for assessing the
effectiveness of the studied measures in this method: 1) energy effect - the absolute and relative value of the saved
thermal energy; 2) environmental effect - the amount of fuel saved, reducing emissions of greenhouse gases and
pollutants into the atmosphere; 3) economic effect - the cost of saved thermal energy and fuel. The practical imple-
mentation of the created method was carried out on the basis of 2 full-scale objects: No. 1 - a 3-story fragment of
the administrative building of Kharkov National University of Municipal Economy them. A.N. Beketova with a total
heated area of 225 m? and No. 2 - the building of the communal institution "Kharkov Palace of Children and Youth
Creativity" with a total heated area of more than 13700 m2. For full-scale object No. 1, the effectiveness of using
«smart homey technology to control the thermal conditions of the building’s premises using the HERZ Smart Com-
fort automated system has been evaluated. For full-scale object No. 2 was evaluated the effectiveness of 2 energy-
saving measures: controlling the thermal conditions of the building’s premises with the HERZ Smart Comfort sys-
tem and using an alternative heat source - heliosystem, which consists of 180 solar collectors. The research results
showed such properties of the proposed method for evaluating the effectiveness of energy-saving measures, such as:
high information content of the results, providing the possibility of multicriteria optimization of the parameters of
heat supply systems and heat consumption of the research object, ability to improve by increasing the number of
studied performance indicators.

Keywords: heat supply, heated area, energy saving measures, efficiency, complex assessment, natural object,
educational institution.

Introduction environmentally friendly technologies, environmental
protection techniques, etc. [3]. At the same time, stimu-
lating the effective consumption of thermal energy by
users will allow reduce the resource consumption of
urban heating networks, which will reduce environmen-
tal pollution and reduce greenhouse gas emissions.

Actual scientific task that confronts the communal
sector of the economy today is to increase the informa-
tive methods for assessing the effectiveness of measures
energy saving in the areas of heat supply and heat con-
sumption. To solve this problem, the effectiveness of
the measures under study should be considered as a
complex value, which takes into account the energy,
environmental and economic consequences of their
implementation.

In recent years, a significant number of cities in
Ukraine, in particular, Kyiv, Kharkiv, Lviv, Ternopil,
Chernivtsi and others. have joined the Covenant of
Mayors on Climate and Energy [1], which provides for
the holding municipal authorities measures to signifi-
cantly reduce greenhouse gas emissions by 30% by
2030. Achieving this result requires a new strategy for
the use and development of the municipal energy sys-
tem, which envisages increasing the environmental
safety of boiler plants and thermal power plants through
the introduction of innovative high-efficiency energy-
saving, environmental and economically sound tech-
nologies [2]. This strategy should take into account
such problems of the Ukrainian economy as: outdated
technologies and equipment for thermal energy produc- The purpose and objectives of the study
tion, high energy consumption and material costs ex-
ceeding 2-3 times the corresponding indicators of de-
veloped countries; lack of modern environmental pro-
tection systems, lack of appropriate legal and economic
mechanisms that would encourage the development of

The purpose of this work was to create and practi-
cal implementation method of multicriteria assessment
of the effectiveness of energy saving measures with
thermal energy of buildings by indicators of energy,
environmental and economic effects. To achieve this
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goal, the following tasks were solved: 1) the creation of
a multi-criteria method for evaluating the effectiveness
of energy conservation measures in the field of heat
supply; 2) realization of the created method for as-
sessing the effectiveness of energy-saving measures
recommended for implementation at full-scale facilities.

Analysis of recent research and publications

Recently, the interaction between energy and the
environment has become dangerous character. Burning
and heat energy installations carry out chemical pollu-
tion of the environment by emissions of harmful sub-
stances, first of all nitrogen and sulfur oxides, green-
house gas emissions - COz, CO those others, ash and
soot emissions, which are steadily exacerbating envi-
ronmental problems due to incareased production.

The growing technogenic burden on the environ-
ment and the exacerbation of these environmental secu-
rity issues require an immediate change in environmen-
tal policy and the sustainable development of ecology
in the future, energy and the economy. The solution to
this problem is made possible by a clear optimization of
the structure of the energy balance of the country, in
which the largest share should be ecologically safe
energy sources from renewable energy sources.
Traditional energy today accounts for at least 30% of all
atmospheric emissions. Of the total emissions, about
30% are solids, more than 60% sulfuric anhydride, and
about 55% nitrogen oxides. In these conditions, the
integration of energy and ecology, close interrelation of
ecological aspects of energy with energy aspects of
ecology is important in the region [4]. The implementa-
tion of such integration is in accordance with the con-
cept of sustainable development of society, whose main
purpose is to ensure the high quality of life of present
and future generations on the basis of a balanced solu-
tion to the problems of economic development, conser-
vation of the natural environment, rational use and
reproduction of the planet's natural resource potential.

An analysis of the development strategy of the EU
energy sector shows that between 2020 and 2030, the
relative shares in the energy balance of primary energy
sources of fuels such as oil and solid fuels will decrease
by 0.4% (from 35.7 to 35.3%) ) and 0.7% (from 17.4 to
16%), respectively, of natural gas - will not change -
25.7%, and the share of renewable energy sources will
increase by 3.1% (from 9.9% to 12.0%). Thus, the con-
tribution to the energy balance of traditional energy
sources will be reduced over the years, which will lead
to an increase in their cost, while, on the contrary, re-
newable energy sources will increase significantly [5].

One of the promising areas of energy resource
conservation is the utilization of solar energy due to the
depletion of world oil and gas reserves, as well as the
problem of environmental pollution by solid fuel com-
bustion products. The technology of utilization of solar
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energy, which is most prepared for the implementation
of public utilities needs, is water heating by solar
energy. Ukraine's National Energy Strategy for the
period up to 2030 envisages a gradual increase in the
production of equipment for solar hot water supply and
heating systems, and it is also planned to install about 2
million m? of solar collectors, which will allow to obtain
tangible savings. Experience in operating these systems
has shown that 1 m? of solar collector under optimal
operating conditions saves from 0.1 to 0.15 tons of
conditional fuel during the summer season. Large-scale
use of solar systems in Ukraine by 2030 will save up to
200 thousand within the adopted strategy of energy
industry development Tons of conditional fuel [6].

Presentation of the main material

The method of multi-criteria evaluation of the
effectiveness of energy-saving measures. The essence
of this method is that the overall effectiveness of ener-
gy-saving measures is considered as a 3-component
vector E, components of which are energy — E,, envi-
ronmental — E; and economic — Ey, effects of their im-
plementation At the same time, the following indicators are
used to assess these components of overall efficiency:

— for energy effect E;: absolute — AQ (kW-h) and
relative — 6Q (%) value of the saved amount of thermal
energy for the heating period, which are determined as:

AQ = an - thtz ’ (1)
where  Qun and Qe are the total heat losses due to
the building enclosure during the heating period before
and after the implementation of energy-saving
measures, respectively, KWh;

8Q = Quon = Quorz. -100% ; 2)
totl
— for environmental effect Ej: mass (volume) of
fuel saved — AMrel (kg) (AVie (M?)), reduction of mass
of greenhouse gas emissions, in particular — of CO; and
pollutants — AM, (kg):

AM ,:3,6-2—(3, 3

|
where Q, — the lower heat of combustion of the fuel,
MJ/Kkg;

fuel

AM fuel (4)

el — ’
fuel
where prel — density of fuel, kg/m?;
AM,, =36-10°-K, -AQ, (5)
where Kp — coefficient pollutant emissions [7], g/GJ;

— for economic effect Ey: reduction of payment
for the amount of heat consumed during the heating
period - AChc (UAH) and for fuel — ACrel (UAH):

AC,.=96-10"-¢c,.-AQ, (6)
where cnc — the cost of a unit of thermal energy accord-
ing to the set tariffs, UAH/Gcal;

AV,

123



Komynanvne zocnodapcmeo micm, 2020, mom 4, eunyck 157 1SSN 2522-1809 (Print); ISSN 2522-1817 (Online)

ACq =107 Cp - AV (7
where crel — the cost of fuel according to the set tariffs,
UAH/ton or UAH/ths. m3,

Description of the objects of research. As full-
scale object No. 1 a fragment of the administrative
building was chosen for research O.M. Beketov Nation-
al University of Urban Economy in Kharkiv (O.M.
Beketov NUUE), in which are located: a lecture hall, a
laboratory, a conference hall and offices of the universi-
ty administration. This is a three-story building with two
external walls and two internal walls adjacent to heated
rooms with a total heated area of 225.3 m? (Fig. 1). For
full-scale object No.1 recommended use smart home
technology for control thermal modes building premises
using the HERZ Smart Comfort automated system [8].

| (77.7 m?%)

N

) : 2nd floc;r

(68.4 m%)

As a full-scale object No. 2 for research was cho-
sen the building of the Communal Institution «Kharkov
Palace of Children and Youth Creativity» (CI KhPCYC)
1993 of the building, which consists of two buildings
and has a multi-level complex T-shape (Fig. 2). Accord-
ing to the project documentation for the building: its
construction volume is 80 375 m?®, the total area of the
building is 15 159 m?; usable area 13 712 m?; the pro-
jected consumption of thermal energy for heating 1 m?
of the total area is 183 W/m?2,

i
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Fig. 2. Full-scale object No. 2 for studying

For full-scale object No. 2, the use of 2 energy-
saving measures is recommended: controlling the ther-

mal conditions of the building’s premises with the
HERZ Smart Comfort system and using an alternative
source of heat supply - heliosystems. The shape of the
possible location of the heliosystems with a total area of
1080 m? is located on the south side of one of the build-
ings of the CI KhPCYC. On the recommended site in
accordance with established requirements 180 flat-type
solar collectors of the recommended type [9] — Buderus
(Germany) SKT 1.0 can be placed.

Research results and their analysis

Evaluation of the energy-saving measures effec-
tiveness at full-scale object No. 1. Indicators of energy
efficiency from the use of the system of regulation of
thermal modes of premises of object were determined
by the formulas (without taking into account the thermal
inertia of the building):

comf econ
1:in — 1:in

8Q = (1 =Y come ) " T comf -100% =
Lo — tout(a) 7 (8)
=(1-0.16)- _20-18 10006 —17%
20-(-0.8)

where yeoms — indicator of the building's relative need for
comfortable heat supply; Wtou@ = -0.8 °C — average air
temperature in Kharkiv for the heating period 2019;

)
AQ=(3-S,) 10" =

17 @)
=(975-2253)- — = 3734, kW-h,
100

where q = 97.5 (kW-h)/m? is the actual specific heat
consumption of the administrative building of O.M.
Beketov NUUE in 2019 year.

According to formulas (4) — (7), the indicators of
environmental and economic effects from the imple-
mentation of the energy saving measure for the heating
period were determined, which were: reduction of natu-
ral gas consumption for heating - AVae = 406.4 m?;
reduction of CO, and NOyx emissions into the atmos-
phere — AMco>= 789.1 kg; AMnox = 0.86 kg; reduction
of the payment for the use of thermal energy and fuel
AChc = 4441 UAH and — ACrel = 4041 UAH.

Evaluation of the energy-saving measures effec-
tiveness at full-scale object No. 2. Based on the above
ratios estimated the level of saved heat energy in all
rooms of the ClI KhPCYC building, which require opti-
mization of the temperature regime. The calculation
results (Fig. 3) indicate that the use of optimizing the
temperature mode of the building by lowering the tem-
perature during the absence of staff and visitors can
save 130.3 Gcal or 11.1% of heat energy during the
heating season. Moreover, the relevant indicators of
environmental and economic effects are: reduction of
natural gas consumption — 16.5 thousand m?, reduction
of CO, and NOy emissions into the atmosphere — 32.0
tons and 0.035 tons, respectively; reduction in heating
charges — 249.5 thousand UAH.
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Fig. 3. The results of evaluating the efficiency of use
HERZ Smart Comfort system at the object No. 2

A multicriteria assessment of the efficiency of use
of the heliosystem shows that this measure allows you to
additionally obtain such an annual effect: energy — an
additional amount of thermal energy — 376.7 Gcal or
20.2%, of which it can be used: the building of the
communal enterprises CI KhPCYC —212.3 Gcal or 11.4
%, in other buildings (from May to September) — 164.4
Gcal or 8.8%; In this case, the demand of communal
enterprises CI KhPCYC in thermal energy is provided:
in the period from May to September — by 100%, in the
heating period — by 2.8 ... 35.6%; ecological - reduction
of natural gas consumption — 47.7 thousand mé, reduc-
tion of CO, and NOx emissions — 92.6 tons and 0.101
tons, respectively; economic: reduction of payment for
thermal energy — 721.3 thousand UAH; The payback
period of the event is 5 years.

Conclusions

1. Created a method of multicriteria performance
evaluation of the effectiveness of energy-saving
measures for the thermal energy of buildings. The fol-
lowing indicators are used as criteria for assessing the
effectiveness of the studied measures in this method: 1)
energy effect — the absolute and relative value of the
saved thermal energy; 2) environmental effect - the
amount of fuel saved, reducing emissions of greenhouse
gases and pollutants into the atmosphere; 3) economic
effect — the cost of saved thermal energy and fuel.

2. The practical realization of the created method
on the basis of 2 full-scale objects: No. 1 — a 3-story
fragment of the administrative building of O.M. Be-
ketov National University of Urban Economy in
Kharkiv with a total heated area of 225 m? and No. 2 —
the building of the Communal Institution «Kharkov
Palace of Children and Youth Creativity» with a total
heated area of more than 13700 m2,

3. For full-scale object No. 1, the effectiveness of
using «smart home» technology to control the thermal
conditions of the building’s premises using the HERZ
Smart Comfort automated system has been evaluated.
The following performance indicators for the use of this
measure for the heating period are thermal energy sav-
ings — 3734 kWh or 17%, reduction of natural gas con-
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sumption for heating - 406.4 m?, reduction of CO; and
NOy emissions — 789.1 kg and 0.86 kg, respectively
reduction of payment for consumption of thermal ener-
gy — 4041 UAH and fuel — 4441 UAH.

4. For full-scale object No. 2 was evaluated the ef-
fectiveness of 2 energy-saving measures: controlling
the thermal conditions of the building’s premises with
the HERZ Smart Comfort system and using an alterna-
tive heat source — heliosystem, which consists of 180
solar collectors. It was established that the 1-st event
has such an annual effect: energy — 130,3 Gcal or
11.1%; ecological: reduction of natural gas consump-
tion — 16.5 thousand m®, reduction of CO, and NOx
emissions into the atmosphere — 32.0 tons and 0.035
tons, respectively; economic: reduction of payment for
searing — 249.5 thousand UAH; 2-nd event has such an
annual effect: energy - an additional amount of thermal
energy — 376.7 Gcal or 20.2%; ecological — reduction
of natural gas consumption — 47.7 thousand m?, reduc-
tion into the atmosphere of CO;, and NOy emissions —
92.6 tons and 0.101 tons, respectively; economic: re-
duction of payment for thermal energy — 721.3 thou-
sand UAH; the payback period of the event is 5 years.

5. The research results showed such properties of
the proposed method for evaluating the effectiveness of
energy-saving measures, such as: high information
content of the results, providing the possibility of mul-
ticriteria optimization of the parameters of heat supply
systems and heat consumption of the research object,
ability to improve by increasing the number of studied
performance indicators.
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KOMIIVIEKCHA OIIIHKA E®OEKTUBHOCTI EHEPT'O3BEPII' AIOUYHNX 3AXO/IIB
B COEPI TEIIVIOIIOCTAYAHHS 3AKJIAIB OCBITH
AL ITomus’saxuyk *, C.B. Pomanenko!, P.A. Cemenenko!, J1.B. Cemenenko?, K.A. Ccrkopal
! Xapkipchbkuii HalllOHANILHUI YHIBEpCHTET Michkoro rocrogapcersa imeni O.M. Bekerosa, Ykpaina
2 HauioHanbHU TeXHIUHMIA yHIBEpCUTET « XapKiBCHKUI IOMITEXHIYHUI IHCTUTYT , YKpaiHa

Pobomy npucesueno supiuiennio akmyaibHoi HAyKo6oi npobnemu - NIOSULEHHIO THEHOPMAMUBHOCMI MemoOi6 OYil-

KU epeKmueHoCHi enepeo3depiearonux 3axo00is y cghepax menionocmavants i meniochnoxcusanis. Mema oocrioscens
NOAA2ANA Yy CMBOPEHHI MA 6NPOBAONHCEHHI MEMOOY 6a2amoKpumepianvHoi OYiHKU eqheKmueHoOCHi enepeo30epiearotux
3ax00ie npu meniosabesnevenni Oyoieenv. B sixocmi Kpumepiie oyinku epexmusHocmi 00CIONCY8aHUX 3ax00i6 3 Yyum
MemoOoM BUKOPUCIOBYBANICH NOKA3HUKU: 1) enepeemuunozo eghexnty — abcomomua ma 8i0HOCHA 8eUHUHU 30epexceHol
mennogoi’ enepeii; 2) exonociunozo eghexmy — KinbKiCmb 30epeiceH020 nanusd, 3MeHUeHHs 6UKUOI8 NAPHUKOBUX 243i8 |
3a0pyoHIoOYUX peyosur 6 ammocepy, 3) ekonomiuHo20 eghekm y — 8apmicmv eKOHOMIT Menio8oi enepeii ma naiusa.
Tpaxmuuna peanizayis cmeopenozo memoody 6yna 30iicHena Ha 6azi 2-x namypHux 06'exmig: Nel - 3-nosepxoeoco ¢pa-
amenmy aominicmpamuenoi 6yoieni XHYMI in. O.M. Bexemoea i3 3a2anvHoio onamosanvHoio niowero 225 m? ma Ne2 —
oyoieni K3 «Xapxiecokuti nanay oumayoi ma oHaybKoi meopyocmiy i3 3a2aibHO0 ONAI08AIbHOW nioweto nowao 13700
M. [ns namypmozo 06 ‘exmy Nel oyineno egpexmusnicnmy 6UKOPUCIAHHS MEXHONO02TT «po3yMHULE OiM» ONs YRPAGTIHHSL
MENOBUMU PENCUMAMU PUMIerb 6Y0igti 3a donomo2oio asmomamusosanoi cucmemu HERZ Smart Comfort (HSC).
Jlna namyproeo 06’ckmy Nel oyineHo eghekmugHicmb SUKOPUCMAHHS 080X eHep2030epiearodux 3axoo0is: YNpAeliHHs
mennosuMu pexcumamu npumingerv 0yoieni cucmemoro HSC ma suxopucmanus anvmepHamusHozo ddxcepena meniono-
cmayanHa — 2eniocucmemu, aka ckiadaemocs 3 180 conaunux xonekmopis. Pesynomamu docrioxcens nokazanu maxi
BACMUBOCE 3ANPONOHOBAHO20 MEMOOY OYiHKU eeKmUsHOCmi enepeo3depiealouux 3axooie, sIK: 6UCOKA iHGhopmamus-
Hicmb pe3yrbmamis, Wo 3a0e3nedye MoXCIUSICIb 6a2amoKpumepiaibHoi onmumisayii napamempie cucmem meniono-
CMAYAaHH MA MEeNIOCHONCUBAHHS 00'EKMi6 00CiONHCeHb, 30amMHICMb 00 800CKOHAIEHHS 30 PAXYHOK 30i1bUUEeHHS KLIbKO-
cmi 00CTIONHCYBAHUX NOKAZHUKIB eqheKmUeHOCHII.

Kniouosei cnosa: menionocmauanms, onamosaibha niowda, enepeo3oepizarodi 3axo0u, eqeKmugHicmo, KOMNIEKCHA
OYIHKA, HAMYPHULL 06 €KM, 3aK1A0 OCEIMU.
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