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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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THE EFFICIENCY OF DISTRICT HEATING SYSTEMS
IN CONDITIONS OF JOINT USE OF HEAT PUMPS

Abstract. The article describes the main problems of traditional heat supply in the Republic of Kazakhstan,
discusses possible solutions to this problem. Development of practical examples of the implementation of heat pump
technology at specific sites of a heat supply leads to the improvement of technical and economic parameters of the
heating system. The development is aimed at the concept of using nontraditional sources of heat for the transition of
heating systems to a new level of heat.

By analyzing existing examples of implementation in the work of heating systems with alternative heat sources
and the results of the study determined the effectiveness of the installation of heat pumps in the Central heating
station that uses the independent scheme of connection of consumers of heat. The use of a heat pump reverse system
water to the evaporator as a source of low potential energy leads to a reduction in consumption of direct network of
water from combined heat and power CHP heating unit quarterly network and consequently will decrease the flow
rate of fuel combusted at the CHP.

Keywords: central heating; heat pump; mains water; teploelektrocentral; heating network; energy efficiency;
low-grade heat.

In Kazakhstan, centralized heat supply based on combined heat and power generation at central
heating plants (CHP) has been most widely developed and is currently the dominant system.

In the period from 1990-2005 the commissioning of new capacities at the CHP was carried out on a
limited scale in connection with the economic downturn in the years of perestroyka. The key problem in
all operating links of the district heating system is the moral and physical wear and tear of fixed assets.
Low demand for thermal energy has led to deterioration in the technical and economic performance of
heat supply systems. This led to an increase in the cost of production of heat and electricity.

Increasing the energy efficiency of district heating should be carried out in accordance with the
program "Energy Saving-2020", adopted by the Decree of the Government of the Republic of Kazakhstan
dated August 29, 2013, No. 904 [1]. The program pays much attention to the selection of the main heat
sources, as this is the most important task in the design of energy-efficient heat supply systems for housing
and communal services.

The program "Energy Saving 2020" determines not only the creation of technical, technological,
legal, economic and organizational bases and measures to stimulate the efficiency of heat supply systems,
but also their mutual coordination aimed at reducing the amount of resources used, in particular fuel
resources for heat supply, while maintaining the appropriate useful effect from their use.

For effective resource and energy saving in the centralized heat supply systems of the Republic of
Kazakhstan, the following main problems must be solved.

When talking about resource saving or reducing energy losses, they do not mean a quantitative
expression, since it is automatically controlled by the first law of thermodynamics, but implies a quali-
tative characteristic of the energy itself. In the general case, the conservation of energy of heat is, in essen-
ce, the preservation of its quality.
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The task of energy efficient heat supply depends on a number of problems that depend on the
geographic location of the heat supply facility, the duration of the heating period, taking into account the
average ambient temperature.

The cost of heat supply depends on the climatic conditions of Kazakhstan. According to the official
source of information [2], the average January temperature in the Republic of Kazakhstan (2015) -11,0°C
(table 1).

Table 1 — Average temperature of January in different regions of the Republic of Kazakhstan

Region Temperature, °C
Akmola -16,8
Aktobe - 14,9
Almaty -6,5
Atyrau -9,6
East Kazakhstania -16,5
Zhambyl -5,0
West Kazakhstan -13,5
Karaganda -14,5
Kyzylorda 9,1
Kostanay -17,0
Mangystau -2,9
Pavlodar -17,6
North-Kazakhstan -18,1
South Kazakhstan -2,0

Before the design of the heating system of buildings and the selection of the source of heat, the heat
balance is calculated, which takes into account:

- the number of emissions from heat sources that operate on natural fuels;

- rational use of traditional natural resources, the influence of the "greenhouse effect" due to the
release of harmful substances into the atmosphere;

- thermal density of the built-up area;

- deficiency of generation of thermal energy; kind of available local fuel;

-washing of existing engineering systems and heat networks;

-it is impossible to lay new heating mains.

The drawbacks of traditional heat sources are their low energy, economic and environmental
efficiency (in the case of small boiler houses), since the burning of organic fuel pollutes the environment.
Plus, the constantly rising tariffs for released thermal energy, aggravated by transportation costs in the
production and distribution of energy. Hence, a low exergetic ECE, characterizing the maximum work that
occurs when the thermodynamic system with a specified parameter is reversed into equilibrium with the
surrounding medium.

In addition, there is an unreasonably high cost of building and maintaining heat networks, which are
the most unreliable element of central heating systems.

At present, the heat networks of the Republic of Kazakhstan are characterized by a high degree of
wear, about 70-80%, high accidents, and losses in heating networks are much higher than world indices.

The most effective and obvious option for solving energy saving problems in heat networks is the use
of rational process flow sheets with heat pumps. The prospects for the use of heat pumps TN in the
Republic of Kazakhstan are determined by the technological demand and the tendency to increase prices
for fuel, heat and electricity.

Overcoming with the help of factors TN that reduce the efficiency of heat supply from the CHP is
fully possible only in newly constructed district heating systems (DHS) and in new construction of
residential and industrial buildings.
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The new projects provide for increased requirements for thermal and sound insulation. For windows,
double-glazed windows of increased tightness are used. Inside the premises, there is a mandatory
installation of heat metering and air temperature control devices, heating devices with more intensive heat
transfer from the network water (finned-surface finned radiators, "warm floors", etc.), which help to re-
duce both the temperature of direct supply water and reduce the temperature of the return network water
due to intensive heat extraction.

So for "warm floors" the temperature of direct and reverse network water can lie in the range of
45+30°C Under these conditions, a radical change in the temperature graph of direct and reverse water is
possible-a reduction in these temperatures to a level sufficient for heating the premises and favorable for
work TN with a high conversion factor. Under these conditions, a complete transition of the district
heating systems DHS to the TN (CHP + TN system) is possible.

Currently, the network water is returned to the CHP plant at a temperature of 45 = 70 °C. To achieve
higher values of the TN conversion factor, this temperature should be reduced to 25-30 °C. This is possib-
le not only by improving the design of buildings and their heating system, which was mentioned above. In
addition to these solutions, it is possible (and appropriate) to lower the temperature of the return network
water by installing heat pumps at central heating points (CHP). For TN, the source of low-potential heat
will be the reverse network water.

In work [2] the system of heat supply of an apartment house with heat sources heat pump - thermal
networks where the heat pump provides from 50 to 70% of heat demand is developed. The total duration
of the operation of heat pumps depends on the value of the outside air temperature at the bivalent point on
the heat load graph, determined by means of climatic data (Table 1).

In [3, 4], the idea of using low-potential heat concentrated on GRES-CHP by means of heat pump
plants, which can be placed in centralized and individual heat points (CHS, IHP), which are part of the
DHS, was proposed for the first time.

It is known that in DHS heat supply from CHP, as well as from the district boiler house, is carried out
by a dependent and independent scheme for connecting external heat consumers. This circumstance, in
turn, predetermines the appearance of a variety of schemes and methods for connecting heat pumps to the
heat supply system, with the placement of TN both at the central heating point CHS and in close proximity
to consumers.

All the listed shortcomings of traditional heat supply in conditions of energy saving and minimal
harm to the environment, urgently require a different approach to solving the problem of heat supply for
newly constructed housing. A possible solution to this problem is the beneficial use of low-temperature
natural heat (+ 4 ... + +40° C) or waste industrial heat for heat supply with the help of heat pumps.

Figure 1 is a schematic diagram of the connection of heat pump plants to the heating and hot water
supply system at the central heating station (CHS). The flow of direct network water (DNW) from the
CHP enters the traditional heat exchangers 1 of heating the return quarterly water of the heating circuit, in
which part of the flow of return quarterly water (flow G1k) is heated. Another part of Gtn of reverse quar-
terly water enters the condenser of the heat pump system and heats up at At = 15° C. In the evaporators of
the HPP, part of the flow of the reverse network water Go,= G; — AG is sloughed, after which it is dis-
charged into the main collector of the reverse network water and then returned to the CHP.

After the mixer 3, the heating water from the district heating circuit through the internal distribution
heating networks is supplied to the heating of the objects of the quarterly network, after which it returns to
heating in the TN and TO-1 according to the scheme described above.

By slackening the return flow network of the SS, the direct water supply from the TPS is reduced in
proportion to the amount of heat collected from the SS in the evaporator TN. It is the amount of low-
potential heat (LPH) from the SS that lowers LPH in the cold source at the CHP, which ultimately leads to
a reduction in fuel consumption directly to the CHP and, at the same time, to a reduction in heat con-
sumption from the CHP to CHS at the central heating network of the quarterly network. This ensures a
reduction in the price paid by consumers of this quarter of the city for heat supply.

To discuss the results of the calculation, as an example, the costs and temperatures of the network
water are taken in the conditions of the CHS: ¥ Gy, = 70 m3 / h. ¥Gryg = 25 m3 / h. T; rep = 50° C;
T, right = 65° C.
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Figure 1 — Thermal diagram of the CHS with a TN with an independent heating circuit:

1 - water-water heat exchanger for the heating circuit (plate), 2-mixer, 2 - heat pump (TN), SS, HWS - external heat consumers
of the heating and hot water supply system; G1 - direct grid flow to the CHS from the CHP; Gy - the return flow of return water
returned to the CHP after TN; GtH - the return water flow rate of the quarterly heating circuit, supplied for heating in TN;
G - return water flow rate of the quarterly heating circuit, supplied for heating to the water-to-water heat exchanger (WWHE)
of the traditional heat supply scheme; AG is the unused amount of return network water after the heat exchanger,
returned to the CHP plant or for other purposes.

Heat output of the heat pump is determined by the formula (1)
0=G,Cyhpy (Tan}Lw - T106p ), (1)

for the condition of the example in question, Q = 436 kW = 0.375 Gcal / h. Taking into account this heat
load, one HT-300 water-to-water heat pump is chosen. The characteristics of the manufacturer for HT-300
are given in [5]. The HT-300 water-to-water heat pump operates on R-134 A refrigerant with a maximum
condensation temperature of 60°C.

With the duration of the heating season in Almaty in 2015-16, equal to 4248 hours (177 days) and the
operation of one TN-300, the expected annual heat production with HPP will be 1593 Gcal, the electric
power consumption for the drive will be TN - 382.6 MW-h. With the adopted tariffs for thermal
(3890.72 tenge per 1 Geal.) And electric energy (7.5 tenge per 1 kWh for energy-producing enterprises)
for residential objects: proceeds from the sale of heat supply will be 6.2 million KZT, electricity costs -
2.87 million KZT.

One of the important advantages of such a thermal scheme is the lowering of the temperature of the
return water, which makes it possible to increase the combined generation of electric power by the CHP
on thermal consumption. This is all the more topical because the temperature of the return network water
returned to the CHP is constantly overestimated, which has many different causes, and not only technical
ones. The practice of the operation of heat networks in different cities of the Republic of Kazakhstan
shows that the water temperature in the return line of the heat supply systems in excess of the normative
thermal schedule is exceeded by 5-8 °C in winter.

The capacity for hot water TN-300 is Gy = 25 m’/h. At the same time, water is taken from the low-
potential source (return water of heating systems) to the evaporator TH-300 - G, = 50 m’/h. Here it
should be noted that with the same independent heating scheme without the installation of heat pumps,
the flow of network water to the water-to-water heat exchangers of the heating circuit (plate) was
G1 =70 m’/h. If one TH-300 is installed, this flow rate will be G = 50 m’/h, i.e., AG= G - Go =20 m’/h
will be less.
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Thus, the installation of heat pumps makes it possible to reduce the flow of the heating water flow to
the heat exchangers.

By stalling the flow of SS (return network water), the direct water supply from the CHP is reduced in
proportion to the amount of heat taken away from the SS in the HPP evaporator. Cooling of return water
for this mode of operation of the TN is from 2, =50°C to t3,=40", At=10°C.

Figure 2 shows the p-H diagram of the thermodynamic cycle of a single-stage steam-compression
heat pump HT-300.
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Figure 2 — Thermodynamic cycle of a single-stage steam-compression heat pump HT-300
with R-134A refrigerant in the p-H diagram

The temperature of the working agent R-134A in the heat pump condenser is -&.= 60 ° C, in the
evaporator - t;= 45° C. In the p-H diagram, the process of condensation corresponds to line 2-3, evapo-

ration process 1-4. The coefficient of thermal energy conversion by the TH-300 heat pump was calculated
using parameters of the constructed thermodynamic cycle (Figure 2).

The coefficient of conversion of thermal energy by a heat pump is determined by the formula

9,
N )

where O, — heat output of the heat pump; N, - the electric power of the compressor drive and is p = 4.84,
which is acceptable from the point of view of the efficiency of the heat pump application.

Conclusions.

1. The use of heat pumps in the conditions of operation of the central heating point of heating systems
along with traditional heat sources can significantly reduce the cost of direct network water from the heat
source - CHP.

2. Installation of heat pumps in the central heat station allows rationally provide heat to consumers
who have an independent scheme for connecting heating systems.

3. The thermal scheme of the central heat point of the central heating station with a heat pump
providing heat to consumers of the quarterly heating and hot water supply system has been developed.

4. Calculations of the heat output of the heat pump installed in the CHS show that as a result of
slackening of the return water flow in the evaporator TN, the direct water supply from the CHP is reduced
in proportion to the amount of heat extracted from it.

5. The value of the coefficient of conversion of thermal energy by the heat pump TH-300 confirms
the efficiency of using a heat pump in the operation of the CHS of heating networks.
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KbLJ1Y COPFBIJIAPBIH BIPJIECIIT KOJIJAHY )ISAFI[AFIBIHI[AFBI
OPTAJIBIKTAHJABIPBIJIFAH KXBIUJTYMEH KAMTY KYUEJIEPIHIH TUIMAILJIITT

Annoranus. Makanana Kazakcran PecryOnHKachIHBIH JKBUTYMEH KaMIayIbIH IOCTYPJi JKYHECIHIH HeTisri
MoceJesIepl CHUIATTabI, MACeJICH HIeNIyAiH MYMKIH OONaThIH JKOigapbl KapacTelpburraH. HakTel oObexTiIepiae
JKBUTY COPFBIIApFa HETi3leNreH TEXHOJIOTHSIapbl CHTi3y KBUTYMEH KaMTaMachl3 €Ty XKyHenepIiH TeXHUKaIbIK-9KO-
HOMHUKAJIBIK KOPCETKIIITEPiHIH JKaKcapyblHa OKeJeli. O3ipJeHIeH TYKBIPRIMAaMa IOCTYPIIl eMec JKbUTy Ke3AepiH
naiiaiaHy apKbpUIBI J)KBUTYMEH KaMTaMachl3 €Ty JKyienepi >KYMBICHIH jKaHa JEHIeiire aybICTBIpyFa OaFbITTaJFaH.
Banamans! XKpUTy Ke3[epiH JKbUTy JKETiHIH JKYMBICHIHA €HTi3yIiH KOJAAHBICTAFbl MBICAITAPBIH KapacThIpy KOHE
3epTTey HOTIKENEPiH Tajgay apKbUIbl XKbLTyIIbl TYTHIHYIIBUIAPABI JKEJlre TOyeNCi3 KOCy CXeMachlH NaiifaaaHaThiH
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OPTAJIBIK JKBbUTY ITyHKTiHAE JKBUTY COPFBUIAPBIH NaiiallaHy THIMIUIIrT aHBIKTAIABL JKBUTy COPFBICH OPTAIBIK JKBUTY
MyHKTIiHAE Kepi JKeNIiK Cyapl OylaHABIPFRINITA TOMEHT1 KyaTTHl JKBUTYy KO3i peTiHIe MalalaHbIl, HOTIDKECIHIIE
JKBITYDJIEKTP OPTaIBIFBIHAH OEPLICTIH JKYHETK Cy MIBIFBIHBIH KBICKApTa bl XKoHE OHBIH caimpapbiHad JKDO-ma xKarsl-
JIATBIH OTHIH IIBIFBIHBI TOMEHACH .

TyiiiH ce3xep: OpPTaJBIKTAaHIABIPBUIFAH KBUIYMEH KaMmzay, XbULy COPFBICHI, JKYHENIK Cy, JKBUIYDJIEKTp
OPTAJIBIFbI, JKBUTY bl TYTBIHY, SHEPIHS THIMALIIT], TOMEHI'1 KAWPaTThI KbLTY.
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3®PEKTUBHOCTH PAMOHHBIX OTONUTEJBHBIX CHCTEM
B YCJIOBUAX COBMECTHOI'O UCITOJIb30BAHUSA TEIIJIOBBIX HACOCOB

AHHOTanusi. B craTbe ONMUCHIBAIOTCSI OCHOBHBIE TPOOJIEMBI TPAAMIMOHHOTO TeIIocHaOeHus B PecrnyOinke
KazaxcraH, paccMaTpHBalOTCsSI BO3MOXKHBIE IIYTH pELeHUs] 3ToW npobsiembl. Pa3paboTka mpakTH4ecKUX MPUMEpOB
BHEJ[PEHHsI TEXHOJIOTUH TEIUIOBBIX HACOCOB Ha KOHKPETHBIX y4YacTKaX TEIIOCHAOKEHUS! NPUBOAUT K YIYUIICHUIO
TEXHHYECKHX W HKOHOMHUYECKHX NapaMeTPOB CHCTEMBI OTOIUIeHHs. Pa3paboTka HalelieHa Ha KOHLENIHIO HCIIOJb-
30BaHMsI HETPAAULMOHHBIX HCTOYHHUKOB TeIJIa Ul IepeXo/ia OTONUTENbHBIX CUCTEM Ha HOBBIN YPOBEHb TEILIA.

[Ipoananmu3nupoBaB CyIIECTBYIOIINE IPAMEPHI BHEIPEHHUS B pab0Te OTONUTEIBHBIX CHCTEM C aJbTePHATUBHBIMHU
HUCTOYHHKAMH TEIUIa, U Pe3yIbTAThl MCCIECIOBAHUS ONPEACTIIN YPPEKTHBHOCTh YCTAHOBKU TEIUIOBBIX HACOCOB B
LenTpanpHON TEIIOBON CTAHIIUH, KOTOpAasi MCIOIB3yeT HE3aBUCHMYIO CXEMY IOAKIIOYCHUS MOTpeOUTeIeH Tera.
Hcnonp30Banue cCUCTEMBI OOpaTHON BOJABI CHCTEMBI TEIUIOBOTO HACOCA JUISI MCTIAPHUTENS B KadeCTBE MCTOYHHKA C
HHU3KOW MOTEHIIMAIBHON SHEpPTHEH MPUBOINUT K CHIDKCHUIO MOTPEOJICHUS TPSMOI CETH BOJIbI M3 KOMOMHUPOBAHHON
TEIUIOBOW ¥ TEIUIOBOH 3ekTpoctaHmmu TOLl, exxekBapTaabHON CETH W, CIeI0BATEIbHO, OYJIeT yMEHBIIATh PacXol
TOILIMBA, cykuraemoro Ha TOLI.

KaroueBble ciioBa: LeHTpanbHOE OTOIUIEHME; TemsioBod Hacoc; Boja B ceru; teploelektrocentral; Teruosas
ceTb; 3Heprod(H(HeKTUBHOCTH; HU3KOCOPTHAS TETLIOTA.
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