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IMPROVING THE EFFICIENCY OF THE HEATING SYSTEM
FOR PUBLIC BUILDINGS INFRASTRUCTURE
IN THE CONTEXT OF DNURT

Purpose. The paper analyses the possibility and terms of increasing the efficiency of heating and ventilation sys-
tems of public buildings at the present stage of development and the specific climatic conditions of Ukraine. The
main purpose is to develop specific measures for public buildings, which will lead to a significant reduction in en-
ergy costs for heating and air conditioning system. The example is similar system of DNURT compact campus,
which is heated with its own autonomous boiler that uses natural gas. Methodology. The statistical heat loss analy-
sis for the last 5 years allows defining the types and calculating the heat loss values for specific conditions. These
losses are compared with those in the world practice and based on the comparison and analysis of the current system
there are offered the ways to reduce the heat loss values through the use of various technical and organizational
methods. The paper also proposes involvement for this purpose of secondary and alternative energy sources. The
secondary energy resources include the heat that is emitted by people and that coming out with the air during venti-
lation of buildings. The renewable sources include solar and geothermal energy. To enhance the heat transfer me-
dium temperature capacity it is proposed to use the heat pumps. Findings. The maximum possible use of the pro-
posed measures and implementation of rational schematic and engineering solutions for heat and hot water supply
systems cam reduce the energy loss for heating and hot water by 30-35%. Originality. The paper for the first time
proposed the use of new integrated approaches to maintain the desired heat balance in the winter period, as well as
the new schematic solutions for heating and ventilation systems, both in winter and in summer, based on the use of
heat pumps and secondary energy resources. Practical value. The introduction of the proposed schematic solutions
and approaches demand relatively small capital investments and do not require significant reconstruction of already
installed systems.

Keywords: heat and hot water supply system, heat loss, thermal conditions, thermal control, heat exchanger, ven-
tilation, alternative energy sources, secondary energy resources, heat pump.

Introduction Currently, DHS are widespread and provide
a significant share of heat demand in such coun-

. _ . . tries as the Russian Federation (70%), Latvia
the conditions of growing energy crisis. According (70%), Ukraine (66%), Poland (52%), Belarus

to the International Energy Agency (IEA), the to- (504 pinland (50%), Slovakia (40%), as well as
day's energy strategies of most consumers of fuel in many other countries. In the European countries

and energy resources (FER) focus on the problem (EU27) DHS share in 2010 amounted to 12%
of energy efficiency. The main energy saving po- [6-9].

tential concentrated in the area of energy use is the
district heating systems (DHS). These systems are
important settlement infrastructure facilities.

At the current period Ukraine is developing in

Despite the fact that DHS provide a significant
proportion of thermal energy consumed in
Ukraine, this sector accumulated a number of inter-
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related problems that have the technical, financial,
economic, institutional and social aspects [7-8].
This is primarily due to the prices for energy re-
sources and their lack. Therefore, we need a new
energy management ideology. All of this is nega-
tively influenced by the energy policy in the mod-
ern world. As a result of this, we have insufficient
supply of heat and electricity to population and
institutions in Ukraine. As a consequence there is
a temperature drop in the rooms and classrooms of
institutions, cessation of their work in the winter
months, and that often has a negative effect on the
students’ and teachers’ health. Therefore the prob-
lem of efficient use of primary energy resources in
institutions of Ukraine as well as the energy effi-
ciency management is very topical.

Purpose

Ideally, it is desirable to introduce in the Uni-
versity the energy management system (EMS),
which is a part of the overall management system
and is based on ISO 50001 standard or the Ukrain-
ian standard [1]. EMS consists of organizational
structure, planned activities, responsibilities, prac-
tices, procedures, processes as well as resources
for development, implementation, analysis and
revision of energy resource economy policy. The
purpose of EMS introduction at the University is
a continuous improvement of FER use efficiency.
And the main task of EMS at the University is re-
ducing the cost of acquisition of fuel and energy
resources. Any EMS is based on the famous man-
agement cycle «Plan — Do — Check — Act» («plan-
ning — implementation — check — correction») by
Edward Deming. From the start of the EMS intro-
duction the University authorities must determine
the energy resource economy policy. At the end of
each cycle EMS efficiency must be assessed. The
most important EMS elements are the following:

— Policy in the field of energy saving;

— FER consumption planning;

— Introduction and functioning of energy man-
agement including allocation of duties, personnel
training, information exchange, creation of neces-
sary documentation);

— Monitoring and quantitative assessment,
identification of non-compliance and introduction
of necessary changes;

— Study of EMS efficiency.

An extremely important aspect of the energy
management system is its continuous improve-
ment.

The University implements the energy saving
measures, analyses the effectiveness of organiza-
tional and technical measures of energy efficiency.
But there are the reserves, not all the energy saving
potential is exhausted [2-4]. Let us determine the
level of implementation by the University of en-
ergy management ideology with the help of the
energy matrix (see Table 1). Horizontal rows of the
matrix represent the difficulty levels of the six key
management aspects specified in the vertical col-
umns. The transition to a higher level indicates the
more mature and formal approach to the energy
management and means drawing near the «best
practices». The University has not adopted an en-
ergy saving policy yet, the measures are imple-
mented by pro-rector for administrative matters;
there is no organizational structure of energy man-
agement at the University, no regular position of
energy manager, the energy management functions
are partially carried out by the energy department
units and the boiler room; there is no bonus moti-
vation to save energy, the FER effectiveness is dis-
cussed at the meetings of relevant services and rec-
tor's office; DNURT has an automated system of
electric energy audit and control (this indicator
gets higher mark); investment in energy saving
measures is very limited due to lack of funds.

Table 1
EMS matrix implementation
En- Or- Motiva Infor- Mar- In-
ergy | ganiza | tionto | mation | keting | vest-
9 sa- tional save systems ment
8 ving | struc- | energy
poli- ture
cy
4
3
: [
1
0

Analysis of Table 1 shows that there are large
reserves in the FER consumption management at
the University, which together with appropriate
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technical energy saving measures can lead to sig-
nificant economic benefits.

Methodology

Let us consider the solving of this problem in
the contest of DNURT [5]. Consumption of natural
gas by DNURT for the last years is shown in Fig-
ure 1.
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Fig. 1. Annual consumption
of natural gas by DNURT

It is seen that in the last four years the natural
gas consumption is constantly decreasing. But in
order to reach the standards, proposed by DBN
(Ukrainian national construction regulation) V 2.6-
31-2006 amended as Nel of 2013 it is necessary to
reduce these costs further on. Significant natural
gas consumption in district heating system by one
heating area of the buildings connected to it varies
for different cities of Ukraine in a wide range: 130-
500 kW'h/ m’year [7-9]. If we take the data of
Figure 1 and the total heated area of 131 447.4 m’,
then these figures for DNURT by years are in the
range of 127-258 kW-h/m’year. These data are
presented in Figure 2.

The main energy loss in heating systems is re-
lated to the loss of the heat-generating system, loss
in heat networks and loss of energy consumers.
Excluding the latter two factors the significant heat
energy consumption by buildings for the whole of

Ukraine is decreased by 30% and is in the range of
100-350 kW-h/m’year. If this approach is applied
to DNURT, its main energy consumption per heat-
ing of 1m? during the year is in the range of 88-180
kW h/m’year.

Annual energy loss, kW#*h/sq.m*year
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Fig. 2. Annual energy loss for heating
of 1m* by DNURT

This is a very good indicator. But here we must
remember that DNURT in recent years dramati-
cally reduces the area that is heated in January and
February.

Analysis of these data shows that the energy
consumption for DNURT heating needs is at
a fairly good level. But the situation in Ukraine
requires further gas consumption reduction.

It should be noted that now there are many ap-
proaches when selecting technical solutions re-
garding energy efficiency of the heating systems.
This creates some subjectivity in this field. In our
opinion, considering all the features of DNURT,
the most effective measures that will have an in-
stant response are as follows: modernization of
existing heating and ventilation arrangement of
DNURT, the use of more effective insulation of
both buildings and heat network, i.e. their thermo-
modernization, the wuse of alternative energy
sources.

The peculiarity of the heat supply system dur-
ing the heating period is the monitoring of boiler
performance using the heating system thermal
schedules that are common for the whole Dnieper
region and are based on annual weather observa-
tion of outdoor temperatures in this region [10-11].
This approach allows adjusting the temperature of
the heating water exiting the boilers at the boiler
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room depending on the outdoor temperature. Thus,
the temperature schedule TS130/70 provides the
temperature exiting the boiler equal to 130°C in
case when the outdoor temperature is -23°C. The
heat transfer medium with this temperature reaches
the heat distribution stations, which in turn further
regulate the temperature of the heat transfer me-
dium for a particular heat energy consumer. Heat
distribution station layout is shown in Figure 3.

From heat
network

To heating
system

To heat
network
o
| -
f From heating
4 &

system

Fig. 3. Heat distribution station layout

Heat distribution stations do not allow auto-
matic weather adjustment and reduction of room
temperature in the idle period, as well as respond-
ing to the increase in the temperature in the prem-
ises with a large number of people. The latter fac-
tor is particularly relevant for educational institu-
tions. It is known that a student while listening to
lectures emits 150W of heat energy. Therefore, we
can assume that the presence of 30 students in the
audience means additional heat capacity of
4500W. This means it is possible to reduce the heat
in the audience by this value provided the prompt
response to changes. In general for the University,
if all students and staff are present in the morning
hours, this reduction can be up 2500x 150 =
375 000 W of heat energy. If we assume that they
are at the University for in average 6 hours, the
amount of energy to be reduced can equal to com-
bustion heat of 210m’ of natural gas per day. If we
take the length of the educational process in winter
of 110 days, the amount of gas that can be saved
by this measure will be approximately 20000m’.
Therefore, the existing heat distribution stations of

the new and old educational buildings must be
changed to more modern systems with automatic
temperature control. These buildings consume the
most energy. It is shown in Figure 4.

NS Apartment Educational
Dorm{torzesl Nes houses buildings of
and Nef (with 16.89 DNURT

electric coolkers)

—

44.7%

Dormitories
MNel, 2, 3, 4 (with
gas cookers)

Fig. 4. Consumption of heat energy
by DNURT structures.

Thermal energy consumption for heating of
educational buildings when using the old and up-
graded heating system is shown in Figure 5.
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Fig. 5. Thermal energy consumption for heating
of educational buildings when using the old
and upgraded heating system.

The costs for such project implementation were
calculated. Its main components are listed below.

1. Heat supply system renovation project: 160
ths. UAH.

2. Equipment: 600 ths. UAH.

3. Installation: 180 ths. UAH.

4. Administrative costs 60 ths. UAH.

The next step of heat energy saving is associ-
ated with ventilation of university premises [11-
12]. The matter is that to ensure comfortable con-
ditions by the regulation SNIP 2.04.059*U each
person requires 50m’ of air per hour. For 2,500
students and employees this value is 2500x 50 =
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125000m’ per hour. Under the current system of
natural ventilation all this large amount of air at
18°C temperature is emitted into the environment.
If its temperature for emission time is -25°C, then
for an hour we lose the amount of heat energy O, ,

which is:

O =C,pWAT (1)

C, heat capacity of air, 1,005 kJ/kg*K, p — air

density 1,293 kg/m®, W — air volume emitted dur-
ing ventilation W =50N, N — amount of persons
present in the premises, AT — temperature differ-
ence between the outdoor and indoor air.

Findings

The amount of energy consumed for heating of
ventilation air per hour depends on the number of
persons present in DNURT premises and the dif-
ferential temperature. It is shown in Figure 6, de-
pending on the number of present persons and dif-
ferential temperature.

Hourly heat consumption, MJ
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20001
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Fig. 6: The amount of energy consumed for ventilation
for different quantities of persons present in DNURT
premises depending on outdoor temperature
(for 2500 and 500 present persons).

The amount of energy loss for ventilation is
calculated for 500 and 2 500 employees and for
various differential temperatures.

Difference is calculated between the indoor
temperature of 18°C and outdoor temperature in
the winter period.

The analysis of Figure 6 data shows that with
natural air ventilation the University hourly loses a
large amount of heat, whose value increases when
the number of present persons rises and the out-
door temperature falls. This amount of heat is re-
quired to heat the same amount of fresh air that is
blown into the room from outdoor temperature
lower than 18°C.

The amount of consumed gas depending on the
differential temperature and the number of people
for DNURT is shown in Figure 7.

Hourly gas consumption in cubic meters
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Fig. 7. The amount of natural gas consumed for ventila-

tion air heating per hour at different quantity of persons

(2500 and 500) present in DNURT premises depending

on the difference between 18°C indoor temperature and

outdoor temperature in winter.
The calculation is conducted by the ratio:

o

7

V= )
r —natural gas combustion heat, 37MJ /m’.

If this figure is halved due to insufficient venti-
lation, still the loss will be high.

To close this gap, it is desirable to implement
the following measures. To fit the long enough
ante-rooms at the front door as shown in Figure 8.
This will ensure the heating of the air coming from
outside into the large building premises by the
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warm air coming out from the building. With
a large window area this ante-room will also take
the energy of sunlight.

The better measure is to install rotary doors at
the entrance to this ante-room. The configuration
of these doors always inhibits the direct access of
outdoor air into the building.

The most desirable and the most effective
measure is to create a forced ventilation system.

This system can actively use recuperative heat
exchangers HE, which will return to 70% of the
heat energy coming out with the air emitted to the
environment.

Ante-room

Fig. 8. Fitting of ante-room with rotary doors to reduce
heating loss during students’ entrance to the University

Schematic diagram of such a ventilation system
is shown in Figure 9. The system contains two air
ducts: outlet and inlet. From each duct one channel
will come to each room R of educational building
EB. Air will move through these channels with the
help of fans F1 and F2. The output of the outlet
duct and the input of the inlet duct must be
equipped with a heat exchanger HE. In this heat
exchanger the outlet air heated to 18°...22°C tem-
perature will give the heat to the inlet air tempera-
ture of -1°...-25°C. Since the ratio of water equiva-

lent of inlet and outlet air % is equal to 1, it
2

can be assumed that the heat transfer coefficients
on hot and cold air will be equal to each other and
make approximately 100W/m’K. Under these pa-
rameters the heat exchanger depending on the de-
sign will take up to 80% of the outlet air heat.

I T

R . S W S

Fig. 9. Forced ventilation diagram of educational build-
ing premises with heat exchanger:
HE — recuperative heat exchanger, F/ and
F2 — fans on the outlet and inlet ventilation ducts,
EB — educational building, R — room of educational building

Heat consumption for ventilation will be re-
duced by the same percentage. This will save fuel
which is consumed for heating the air supplied to
the premises.

The advantages of such a system may also in-
clude an accurate following to the sanitary and hy-
gienic ventilation norms. Such a system, when de-
veloped, will quite easily integrate a heat pump,
which can greatly reduce the premises climatisa-
tion costs.

Another approach with a great potential is in-
crease in the premises heat-saving properties due
to improvement of insulating properties of walls
and windows of the buildings. If the old building
walls are thick enough (0.65 M) and have good
insulating properties, the wall thickness of the new
building is smaller (0.5 m), which leads to greater
heat loss through the wall of about 25%. Large
losses occur because of outdated window design in
old and new buildings. The gap between the two
glass surfaces is too large, leading to the develop-
ment of free convection in this gap. This, in its
turn, results in increased intensity of heat transfer
through a large window surfaces. Therefore, re-
placement of old windows with the new insulating
glass units will allow reducing the heat loss by
about 30% in the heating period.

The next area of the energy efficiency of heat
supply is the use of renewable energy sources. We
believe that the effective real measure is the use of
pellets to heat the transfer medium in the heating
and hot water supply system. Pellets are the fuel
pellet made of sunflower husk, straw, sawdust,
waste paper, peat and peat dust, crushed chips, dry
ground plant residues (leaves, twigs, hay, straw,
etc.) and other solid fuel of fraction < 50mm. Their
application requires installation of new boilers of
Grandpal Mega, Kriger GP, Bioplex type. These
boilers can use the most common for Dnipropet-
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rovsk region biological resources in the form of
straw and corn stems. If DNURT uses thermal ca-
pacity of 3 MW of biomass, the daily straw need
will make 20000 kg.

The daily demand of DNURT boiler, if the fuel
is straw, depending on thermal capacity engaged,
is shown in Figure 10. The calculations included
three fuel combustion heat values: lower than 13.5
MJ/kg, higher than 15.01 MJ/kg and the combus-
tion heat of dry fuel of 16.77 MJ/kg.

Daily demand in straw, kg
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Fig. 10. Daily demand in straw by DNURT boiler
depending on thermal capacity engaged

Figure 10 shows, that if the capacity is more
than 3MW, the need in straw makes more than 20
tons per day. This requires substantial costs for
straw delivery. That is why it is not rational to
transfer the heating facilities to biofuel of more
than 3MW capacity.

i
t , .‘L

Fig. 11. Solar collector on the building roof

Another area for use of alternative energy
sources is the use of solar collectors for hot water
supply. The appearance of a solar collector is
shown in Figure 11. Monthly supply of dormitory
needs by solar heat system is shown in Figure 12.

Monthly supply of hostel HWS needs by
solar heat system, %

150 e

76
e nnniinr et
0 = =

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Fig. 12. Monthly supply of dormitory needs
by solar heat system

Summing up the results shown in Figure 12, it
can be claimed that solar collectors in general can
supply more than 60% of the dormitory needs in
hot water. The project provisional budget will be
the following:

1. Equipment costs 520 ths. UAH;

2. Design work costs 31.2 ths. UAH;

3. Construction and erection work 312 ths.
UAH;

4. Commissioning costs 52 ths. UAH;

5. Administrative costs 50 ths. UAH.

Originality and practical value

The paper for the first time proposed the use of
new integrated approaches to maintain the desired
heat balance in the winter period. This involves the
use of such energy sources as the heat emitted by
people, the heat coming out with the ventilation air
and the heat of renewable energy sources. It also
proposes the new schematic solutions for heating
and ventilation systems that shall be integrated in
one system. This system combined with a heat
pump shall work efficiently both in winter and in
summer.

Conclusion

Thus, this work presents only several of possi-
ble energy saving measures. There are approaches
left out of consideration: use of heat pumps, geo-
thermal heat, energy-active protection. Preliminary
calculations of possible savings due to the pro-
posed measures for various buildings of DNURT
are shown in Table 2.
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Table 2
Possible saving from the proposed measures for different buildings of DNURT
Possible saving
Reduction of
Heating season Building Heat loss, ['kan greenhouse
Heat, Geal | Gas, ths. | In money terms, gases, t
(%) m’ ths.UAH
New educa- 298.28
tional building 945.72 (31.54) 46.3 289.72 87.07
Old educa- 856.85
2012-2013 tional building 2716.75 (31.54) 133.05 832.29 250.14
Assembly hall 116.13
extension 368.19 (31.54) 18.03 112.8 33.9
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HIABUIMEHHA ECEKTUBHOCTI POBOTHU CUCTEMH
TEIIVIOITIOCTAYAHHSA IHOPACTPYKTYPHU
I'POMAJACBKUX BYAIBEJIb HA ITPUKJIAAI THY3T

Merta. Y mociipkeHHI HEOO0XiTHO MPOaHaIi3yBaTH MOXKIIUBICTD 1 YMOBH MiIBHIICHHS e()eKTUBHOCTI pOOOTH CH-
CTEM TEIUIONOCTayaHHs Ta BEHTHIISLIT TPOMaJICbKUX OyaiBeNb Ha Cy4acHOMY €Talli PO3BUTKY KpaiHU i XapaKTepHHUX
KIIIMAaTHIHAX 0cOOMMBoOcTell Ykpaiau. ['00BHOIO MeTOr POOOTH € po3poOKa KOHKPETHHX 3aXO[iB AJIS TPOMAJCh-
KUX OyJiBelb, SKi MPU3BEOYTH 1O 3HAYHOIO CKOPOUYCHHS BHTPAT CHEPrEeTUYHUX PECYPCIB Ha ONAICHHS Ta CUCTEMY
KOH/IMIIFOBaHHS TOBITps. B sSKOCTI mpukiama OepyThCs aHANOTIYHI CHCTEMH KOMITAKTHOTO MicTeuka J[Himporer-
POBCBKOTO HAIiOHAIIBHOTO YHIBEPCUTETY 3aJi3HMYHOTO TPaHCIOPTY iMeHi akanemika B. Jlazapsua (AHY3T), skuit
OTIATIOETHCS 32 JOTTOMOTOI0 BJIACHOT aBTOHOMHOI KOTEJBHI, IO CIIOKUBAE MPUPOAHU ra3. Metoauka. Ha ocHoBi
aHaJi3y CTAaTUCTHYHHUX BUTPAT TEIUIOBOI €HEpPrii 3a OCTaHHI 5 POKiB BU3HAYAIOTHCS BUAX Ta PO3PAXOBYIOTHCS BEIU-
YMHY TEIUIOBUX BTPAT JJIsi KOHKPETHUX YMOB BUKOPUCTaHHs. 11 BTpaTH MOpiBHIOIOTHCS 3 aHAIOTIYHUMH y CBITOBIH
NPaKTHI, i HA OCHOBI IMOPIBHSHHS Ta aHATI3Y Ai040T CHCTEMH IPONOHYIOTHCS NIJISIXH 3HWKEHHS BEIMYUHH TEIIO-
BUX BTpAT 33 PaXyHOK 3aCTOCYBaHHS Pi3HUX TEXHIYHUX Ta OpraHi3aliiHuX MeToAiB. B po0OOTI MPONOHYETHCS TaKOXK
3alydeHHs JUIsl 1€l MEeTH BTOPHMHHUX Ta albTEPHATHBHUX JKepelsl eHeprii. B sKkocTi BTOPHHHMX eHepropecypcis
POBIIISAAIOTHCS TEIIOTA, SIKa BUAUISETHCS JIIOAWHOIO, Ta TEIUIOTA, KA BUXOJAMTH 13 HOBITPSM, 110 BHIIYYa€ThCsl IPU
BEHTWIIALIT OyliBeNib. A B SIKOCTI TIOHOBJIIOBAIBHHX JIKEPET — COHSYHA Ta reoTepMasibHa eHeprii. st miIBUIeHHs]
TEeMIEPaTyPHOTO NOTEHLIAy TEIUIOHOCIiB IMPOIIOHYETHCS 3aCTOCOBYBATH TEIUIOBI HacocH. PesyabraTh. [lpn mak-
CHMAaJTbHO MOKJIMBOMY BHKOPHCTaHHI BCiX 3aIpOITOHOBAHMX 3aXOMiB 1 BIIPOBAKEHHI PAIliOHAIEHUX CXEMHHX Ta
TEXHIYHUX PillIeHb, SKi MPOMOHYIOTHCS ISl CUCTEM TEIIO- Ta TapsAuoro BOJONOCTAadyaHHs, BUTPATH €Heprii Ha Terio
Ta rapsiie BOJONOCTaYaHHs MOXyTh OyTu 3HMKeH] Ha 30-35 %. HaykoBa HOBH3HA. Briepiue 3anpornoHOBaHO BH-
KOPHCTOBYBAaTH HOBI KOMIUIEKCHI HiIXOIH ISl MATPUMKH HEOOXiTHOTO TEIUIOBOro OajaHCy B 3UMOBHHU mepio.
ABTOpaMH TaKOX 3aIllPOIIOHOBAHI HOBI CXEMHI PillIEHHS JUIsi CUCTEMH TEIUIONOCTaYaHHs Ta BEHTHIISALIT (SIK B 3UMO-
BUH, TaK 1 B JITHIH mepioan), 1m0 0a3yrThCs HA BUKOPHCTaHHI TEIUIOBOIO HACOCY Ta BTOPHMHHUX €HEPropecypciB.
IpakTHyna 3HaunmicTs. BBeneHHs 3anpONOHOBAHMX CXEMHHX PILIEHb i MiAXOAIB 10 3a0e3MeYeHHs TEeIUIOM Ta
MOBITPSAM MOXYTh OYTH pealli3oBaHi MPU BIJHOCHO HEBEIUKUX KAITiTATOBKIAJCHHIX Ta HE BHMAararTh iCTOTHOTO
nepeo0yiafHaHHs BXKE BCTAHOBJIEHUX CHUCTEM.

Kniouosi crnoea: cucrema Temio- Ta rapsg4oro BOAOINOCTa4aHHs; TEIJIOBI BTPATH; TEIUIOBUH PEXHM; PeryJItoBaH-
HS TEIUIOBOTO PEXHMMY; TeIJIOOOMIHHMK; BEHTWIALIS; ajlbTEPHATHUBHI JUKEpena eHeprii; BTOPHHHI €Hepropecypcy;
TEIUIOBUI HAacoC
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ITOBBIINEHUE SPPEKTUBHOCTHU PABOTbBI CUCTEMbI
TEIVIOCHABKEHUSA NHOPACTPYKTYPhBI
OBHIECTBEHHbBIX 3JAHUU HA ITIPUMEPE JTHY KT

Heasb. B nccnenoBannn HEOOXOAMMO MPOAHATIU3UPOBATH BO3MOKHOCTD M YCJIOBHS HOBBIMIEHHS 3G PEKTUBHO-
CTH PabOTHI CHUCTEM TEIUIOCHAOKEHUS M BEHTWIALMM OOLIECTBCHHBIX 3/laHWH HAa COBPEMEHHOM 3Tale pa3BUTHUS
CTpaHbl U XapakTepHBIX KIMMATHYECKHX 0COOeHHOCTeH YKpauHbl. [N1aBHOM 1enbio paboThl sIBIIsETCS pa3padoTKa
KOHKPETHBIX MEPOIPUSATHH /s OOIIECTBEHHBIX 31aHHH, KOTOPBIE MPUBENYT K 3HAYMTEILHOMY COKPAIIEHHIO 3aTpaT
SHEPreTUYECKUX PEeCypCcoB HA OTOIJIEHHE U CHUCTEMY KOHIMLIMOHHMPOBAHMS Bo3ayxa. B xauecTBe mpumepa Oepyrcs
AQHAJIOTUYHBIE CUCTEMBI KOMIIAKTHOTO Topojka /IHENponeTpOBCKOrO HAIMOHAIBHOIO YHHBEPCHUTETA >KEIE3HOAO-
POXHOTO TpaHcHopTa UMeHH akajgemuka B. Jlazapsna (JJHYKT), koTopsiii oTamimMBaeTcsi ¢ MOMOIIBIO COOCTBEH-
HOW aBTOHOMHOM KOTENIbHOM, MmoTpedistomeld mpupoanslii ra3. Meroanka. Ha ocHOBe aHanM3a CTaTUCTHYECKHX
pacxooB TEIIOBOM SHEPTHH 3a MOCIEAHUE 5 JIET ONPENEISIOTCs BUABl U PACCUMTHIBAIOTCSA BEIWYMHBI TEIUIOBBIX
MOTEPh AJIsI KOHKPETHBIX YCIOBUH MCHOIB30BaHUS. DTH MIOTEPH CPABHUBAIOTCS C aHAJOTMYHBIMU B MHPOBOM MpaK-
THKE, 1 Ha OCHOBE CPaBHEHHS W aHAIN3a JACHCTBYIOIEH CHCTEMBI MPEIIAraloTCsl IyTH CHIDKEHHS BEJIMYMHBI TEIUIO-
BBIX TIOTEPH 3a CUET MPUMEHEHHUS PA3IMUHBIX TEXHUUECKUX U OPTaHU3ALMOHHBIX METO0B. B paboTe npennaraercs
TaK)Ke MIPUBJICYEHHUE JUIS 3TOM LEIH BTOPUYHBIX M aJIbTEPHATUBHBIX NCTOYHUKOB SHEPTUH. B KauecTBe BTOPHUYHBIX
SHEPropecypcoB paccCMaTpUBAIOTCS TEIIOTA, BbIAEIAEMAs YEJIOBEKOM, M TEIJIOTa, KOTOpas BBIXOAWUT C BO3ILYXOM,
M3bIMACTCS [IPU BEHTHJISILIMK 3[]aHUil. A B KauecTBE BO30OHOBIISIEMBIX UCTOUYHHKOB — COJTHEYHAs! M Te0TepMajibHas
sHepruu. Jlyis MOBBIMIEHUS TEMIIEPaTypHOro MOTEHLMala TEIUIOHOCHUTENEH IpeiaraeTcsi MPUMEHSATh TElJIOBbIE
Hacocsl. PesyabTatsl. [Ipu MakcuManbHO BO3MOXHOM HCIOJIB30BAHUHU BCEX MPEATIOKEHHBIX MEPONPUATHH U BHE-
JIPEHUH PAllMOHATIBHBIX CXEMHBIX M TEXHUYECKUX PELICHUN, KOTOpPhIE NPEAIaratoTCs sl CUCTEM TEIIO- ¥ FOpsiuero
BOJIOCHAO)KEHHMSI, 3aTPaThl PHEPIMU Ha TEIUIO M Topsiyee BOJOCHAOXKEHHE MOTYT ObITh cHiKeHbl Ha 30-35 %.
Hayynasi HoBu3Ha. BrepBble NpeqIoKE€HO MCHOIB30BATH HOBBIE KOMILIEKCHBIE MOAXOABI AN MOJAEPKAHUS
HEOOXOAMMOro TEIUIOBOTO OallaHca B 3UMHHUH Neprojl. ABTOpaMH TaKkKe HPEIOKEHbI HOBBIE CXEMHBIE PEIICHUS
JUIL CHCTEMBI TEIJIOCHAOKEHMS M BEHTWIINMHM (KaKk B 3WMHHH, TaK M B JICTHUH MEPHOAbI), OCHOBAHHBIC Ha
UCTIONB30BaHUM TEIUIOBOIO HAcoca M BTOPHYHBIX 3Hepropecypcos. IlpakThdeckasi 3HAYMMOCTh. BBenenue
MPEATOKEHHBIX CXEMHBIX PEIICHUH U MOAXOA0B K OOECIEUCHUIO TEMJIOM M BO3AYXOM MOTYT OBITh PEali30BaHbI
IPU OTHOCHUTEIBHO HEOONBIINX KAITUTAIOBIOXKECHUSIX M HE TPeOYIOT CYIIECTBEHHOTO MEpeoO0OpyNOBaHHS YKe
YCTaHOBJIEHHBIX CHUCTEM.

Kniouegvie cnosa: cuctema TENO- U FOPSYEro BOAOCHA0XKEHHS; TEIUIOBBIE MOTEPH; TEIUIOBOM PEXHUM; PETyIH-
pOBaHME TEIJIOBOTO PEXNMA; TEMNIOOOMEHHMK; BEHTHJISILUS; albTEPHATHBHBIC MCTOYHUKU 3HEPTHH; BTOPUYHBIE
9HEPropecypchl; TEMIOBOM HAcOC

REFERENCES

1. Pshinko O.M., Yatsenko D.K., Kuznietsov V.H., Shaptala M.V. Analiz vprovadzhennia enerhozberihaiuchykh
zakhodiv v universyteti [Analysis of energy efficiency measures in the university|. Visnyk Kyivskoho natsion-
alnoho universytetu tekhnolohii ta dyzainu [Bulletin of Kyiv National University of Technologies and Design],
2013, no. 6 (74), pp. 344-352.

doi 10.15802/stp2016/74728 © O. M. Pshinko, V. H. Kuznetsov, D. K. Yatsenko, V. O. Gabrinets, 2016

105



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aIIi3HUYHOrO TpaHcmopty, 2016, Ne 3 (63)

EKOHOMIKA TA VITPABJIIHHA

2.

10.

11.

12.

13.

14.

Hershkovych V.F., Lytovchenko A.K. Otsinka efektyvnosti vykorystannia v teplovomu nasosi tepla iz zvorot-
noho truboprovodu teplovoi merezhi pry teplopostachanni vid TETs [Evaluating the effectiveness of the heat
use in the heat pump from the return pipe of heating network with heat supply from CHP]. Novyny te-
plopostachannia — News of Heating, 2011, no. 1 (125), pp. 35-37.

DSTU 4472-2005. Systemy enerhetychnoho menedzhmentu. Zahalni vymohy [State Standard 4472-2005. En-
ergy management systems. General requirements.]. Kyiv, Derzhstandart Ukrainy Publ., 2005. 28 p.
Kuznietsov V.H., Polovnykov V.Yu., Tsyhankova Yu.S. Ekspres-otsinka teplovykh vtrat u merezhakh te-
plopostachannia [Rapid assessment of thermal losses in heating networks]. Novyny teplopostachannia — News
of Heating, 2012, no. 11 (47), pp. 33-35.

Pshinko O.M., Kuznietsov V.H., Shaptala M.V, Shaptala D.Ye. Metodyka vyznachennia obsiahiv spozhyvan-
nia elektrychnoi enerhii ta teploty naukovymy pidrozdilamy universytetu [Consumption volumes technology
of electricity and heat by departments of university]. Nauka ta prohres transportu — Science and Transport
Progress, 2015, no. 1 (55), pp. 15-22. doi: 10.15802/stp2015/38235.

Nikitin Ye.Ye. Kontseptualnyye voprosy modernizatsii teploobespecheniya naselennykh punktov Ukrainy
[Conceptual problems of modernization of heating settlements in Ukraine]. Problemy zahalnoi enerhetyky
[Problems of Common Energy]. Kyiv, 2012, issue 2, pp. 5-11.

Nikitin Ye.Ye., Dutka A.V. Otsenka tekhniko-ekonomicheskoy effektivnosti kompleksnoy termomodernizatsii
tsentralizovannoy sistemy teplosnabzheniya i zdaniy [Estimation of technical and economic efficiency of the
integrated thermo-centralized heating systems and buildings]. Energetika i TEK — Energy and FEC, 2013, no.
9 (126), pp. 22-26.

Deshko V.I., Shovkoliuk M.M., Shovkoliuk Yu.V., Dudnikov S.M. Pokaznyky efektyvnosti system te-
plopostachannia [Performance indicators of heating systems]. Ventyliatsiia, osvitlennia ta teploha-
zopostachannia: naukovo-tekhnichnyi zbirnyk [Ventilation, lighting and heat: Scientific and technical papers],
2012, issue 16, pp. 182-192.

Pshinko O.M., Habrinets V.A., Horiachkin V.M. Analiz efektyvnosti systemy teplopostachannia studmis-
techka Dnipropetrovskoho natsionalnoho universytetu zaliznychnoho transport [Effectiveness analysis of
campus heat supply system of Dnipropetrovsk National University of Railway Transport]. Nauka ta prohres
transportu — Science and Transport Progress, 2014, no. 2 (50), pp.74-82. doi: 10.15802/stp2014/23756.
Behfard M., Sohankar A. Numerical investigation for finding the appropriate design parameters of a fin-and-
tube heat exchanger with delta-winglet vortex generators. Heat and Mass Transfer, 2016, vol. 52, issue 1, pp.
21-37. doi: 10.1007/s00231-015-1705-1.

Turner W. C. Energy management handbook, the 4™ ed. Lilburn, Georgia. The Fairmout Press, Inc. Publ.,
2001. 758 p.

Khashe S., Heydarian A., Gerber B. B., Wood W. Exploring the effectiveness of social messages on promoting
energy conservation behavior in buildings. Building and Environment, 2016, vol. 102, pp. 83-94. doi:
10.1016/j.buildenv.2016.03.019.

Heat Roadmap Europe 2050. Study for the EU27. Perfomed by Aalborg University, Halmstad University and
Plan Energy. Available at: http://www.euroheat.org (Accessed 19 May 2016).

Mert S.O., Reis A. Experimental performance investigation of a shell and tube heat exchanger by exergy based
sensitivity analysis. Heat and Mass Transfer, 2015, vol. 52, issue 6, pp. 1117-1123. doi: 10.1007/s00231-015-
1636-x.

Prof. M. V. Hubynskyi, D. Sc. (Tech.) (Ukraine); Prof. Yu. S. Barash, D. Sc. (Economics) (Ukraine)

recommended this article to be published

Accessed: Feb., 29. 2016
Received: May, 31. 2016

doi 10.15802/stp2016/74728 © O. M. Pshinko, V. H. Kuznetsov, D. K. Yatsenko, V. O. Gabrinets, 2016

106



