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AKYMYJIOBAHHS TEILIOTHU Y CXEMI EGEKTUBHOI CUCTEMM
TEILIOXOJ0J0MOCTAYAHHSA )KUTJIOBOI BY AIBJII

Ipoananizosano eapianmu pobomu cucmemu MeniIOX0I000NOCMAYAHHL JiCUMao8oi  6ydieni 3
MENIOBUMU HACOCAMU ma axkymyasmopamu meniomu. IIposedeno 00CniolicenHss GNAUSY NOMYICHOCH
MENI06020 HACOCY HA 00 €M baka-axymyaisamopa ma 00606i GUMpamu Ha e1eKmpoeHepeiio 3 ypaxyeaHHsIm
080- MA MPU3OHHUX CUCmeM 0ONIKY CHONCUBAHHS elekmpoerepzii. Ompumano 3anexcHicms 06’ emy baxa-
AKYMYAAMOpa meniomu 0 CUCMEMU 2apsi020 6000NOCMAYAHHS 610 CNIGGIOHOWEHHS. NOMYICHOCHel
2apAu020  BOOONOCAYAHHSL MA XON0OONOCMAayanus. Buseneno meoici OoyinbHocmi  6npo6addiceHHs
KO2eHepayitinux cucmem menioxoio00nocmayants 0yoigeo.

Knrouoei cnosa: axymynamop meniomu, cucmema menyioxoi000n0CmMaiants, menioguil Hacoc, 30HHULL
001K enexmpoenepeii.

Beryn, mocraHoBka 3aBIaHHS

3MEHILEHHS!  CIOXHBaHHS  IMIOPTOBAHOTO  MPUPOAHOrO  Ta3y  Ta  MiABHUILEHHS
eHeproe(eKTUBHOCTI 00 €KTIB JKUTIOBO-KOMYHAJBLHOTO TOCTOJIAPCTBA YKpaiHM € OJHHMH 3
OCHOBHUX 3aBJIaHb Ha CbOTOAHI. Y CHCTEMax IEHTPali30BaHOIO TEIIONOCTaYaHHs MPUPOJHUN ra3
JIOIITFHO 3aMINyBaTH BYTUJUISIM Ta MOTO CyMmilmamu 3 0iomMacoro. Ajie B yMOBax JEIEHTpasizamii
TEIUIONOCTaYaHHsI HAWIpPOrPEeCUBHINIMMH, Ha HAlly MAYMKY, € CHCTEMH 3 BUKOPHCTAHHAM
TETJIOHACOCHHUX TEXHOJIOTIH.

Take obnmagHaHHS H03BOJISIE BUKOPUCTOBYBATH HETPAIUIIIMHI DKEpeNia eHeprii, a came: TeIUIoTy
IPYHTY, TIOBITpPsI, BUTSDKHOTO TOBITPS, TPYHTOBUX, PIYKOBUX 1 cTiuHUX BOJ Tomio [1]. Ilpu mpomy
3a0€3MevyeThCSl TOCTATHRO BUCOKHHM KOE(DIIIEHT BUKOPUCTAHHS TalMBa, MIHIMAJIbHUN BILUIWB
CUCTEMHM Ha HaBKOJMIIHE CEpe/lOBHUINE, BUCOKUU piBEHb O€3MEKH, aBTOMAaTU3allii Ta KyJIbTypu
BUpOOHMIITBA. HemomikamMu TEMIOHACOCHUX CHUCTEM € 3HAaYHl KalTaJIOBKIAJICHHS Ta 3HAYHE
CIIO’KMBAHHS €JEKTPUYHOI eHeprii. Ajie TEeMI0B1 HACOCH MOXKYTh TaKOXK BUPOOJIATH XOJIO] y TeTINH
nepiol poKy MJisi OXOJIOJDKEHHsI TIOBITPS B NMPHUMIMIEHHAX, TOMY TakKa KOTEHepalliifHa cucTema
JTO3BOJISIE 3MEHIIIUTHA COOIBAPTICTH BUPOOIIECHOT TEIUIOTH Ta XOJIOY.

3a 00’€KT JOCIIKEHHS OOpaHO KHUTJIOBY OYIIBIIO 3 PO3PaXyHKOBOK MOTYXHICTIO CHCTEMU
onanenus 202,7 kBrt, cuctemu rapstdioro BomomnoctadaHHs 157,1 kBrt, cucremu oXomomKeHHS
npuminieHs 94,7 kBt [2].

Jis  3MEHIIeHHS KamiTaJIOBKIAJACHb Yy CHCTEMY TEIUIOXOJOJONOCTauYaHHs Ta BUTpAT
€JICKTPOCHEPTii B TEIUIHI Mepioj POKY JUIsl BAPOOHHUIITBA XOJIOAY BUKOPUCTAHO TEXHIYHE PIIICHHS
[3], om0 momsirae B MIAKIIOYEHHI CHCTEMH XOJOJOMOCTAa4aHHS [0 BHUIAPHUKIB TEIIOHACOCHUX
YCTaHOBOK, IIO JO3BOJIIE OAHOYACHO BHPOOJSATH TEIUIOBY €HEPrii Ha KOHJAEHCATOpax TEIIOBUX
HACOCIB /Il CUCTEMH Taps4yoro BOAOIMOCTaYyaHHS M XOJOJ Ha BUIMAPHHUKAX TEMJIOBUX HACOCIB AJIs
cucteMu xosogonocradaHHs (puc. 1). Take pileHHS TaKOX J03BOJIIE BUKOPHCTOBYBATH PEKHUM
MTaCHBHOTO OXOJIOKECHHS OyIiBIIi.

OnHOMO 3 OCHOBHUX OCOOJMBOCTEH JKUTIIOBUX Oy/IBENb € 3HaYHA HEPIBHOMIPHICTh CIIOKMBAHHS
TEIUIOTH AJISl CUCTEMHU raps4oro BOJOIOCTauYaHHS Ta XOJIOAY JUIsl KOHIUIIOHYBAaHHS MTPUMIILIEHb.

JloboBe KOJMMBaHHS TEIUIOBOIO HAaBaHTAXEHHS CUCTeM Tapsdoro BopomocradanHs (I'BIT) ta
OJIHOYAaCHE BHUPOOHUITBO TEIUIOTH W XOJIOAY B TEIUIMH Mepio pOKy MOTpedye BUKOPHUCTAHHS
CHUCTEM aKyMYJIIOBaHHS €HEprii, TOMy MeTOI0 I1i€i poO0TH € OIlIHKA €(PEKTUBHOCTI aKyMYJIFOBaHHS
TEIJIOTH B CUCTEMI TEIIOXOJIOOTIOCTaYaHHSI dKUTIOBOI Oy TiBIIi.
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Puc. 1. Cxema eHeproe()eKTHBHOT CUCTEMH TETUIOXOJIOAONIOCTaYaHHS Oy TiBIi

OCHOBHI J0CTiTKEeHHA

Jlns BUpiBHIOBaHHA J00OBHMX KOJHMBaHb HaBaHTaXeHHs Ha ['BIIl 3a3Bu4aili BUKOPHUCTOBYIOTH
aKyMyJISITOpU Tapsidoi Boau. Takuil crmoci® J03BOJISE CHPOCTUTH PETYIIOBAHHS TEIIOHACOCHOT
YCTQaHOBKM Ta 3MEHIIUTH 1i MIKOBI HABAHTAXEHHS. 3 YpaxyBaHHSIM pPO3PaxyHKOBOI MOTYKHOCTI
cucreMu ['BIl Ta XapakTepHOTO pO3MOAUTY MOTYXKHOCTI HpOTSArom ao6u [3] BH3HAuUEHO, IO
cepenHbo1000Ba MOTYXHICTh cucteMu ckiaaae 100,1 kBT, akmio TemioHacocHa yCTaHOBKA MPAITIOe
1[1710;J000BO 3 TAKOIO MOTYXHICTIO, HEOOXiTHUHN 00’ €M Oaka-akymyInsaTopa ckiaaae 6,51 M,

TennonacocHa YCTaHOBKA € IMOTYKHUM CIIOXKHMBAayeM eJIEKTPOCHEpPTii, a OCTaHHIM 4acoM yce
OisIpIIIe YBaru NPUAUIAIOTH YIPOBAKEHHIO CHCTEM JIBO3OHHOTO OOJIIKY CIOKHTOI €EeKTPOCHEPTIi.
Jlis 3MEHIIeHHS BUTPAT Ha EJEKTPOCHEPTril0 B TAaKOMY BHUMAJKY IOLIIBHO B MEpioj] HIYHOTO
MIHIMaJIBHOTO CIIOKHBAHHS elleKTpoeHeprii (3 23 roa. mo 7 ron.) [4] 30umbIIyBaTH TOTYKHICTh
TEIIOBOro Hacoca. Ha puc. 2 moka3aHo, SIK BIUIMBA€E MOTY)XXHICTh TEIUIOBOIO HAcoca B HIYHMUU
nepio Ha 00’eM Oaka-aKyMynaTopa TEIUIOTH Ta BUTPATH Ha eNEKTPOCHepriio (MoBHMH Tapud Ha
esniekTpoeHeprito npuitHaTuii 1,4 rpa/(xBt-rox)). Ilpu oMy BpaxoBaHi jaBa BapiaHTu Tapudy Ha
esniekTpoeHeprito B HiuHuil wac — 0,7 ta 0,5 Big moBHoro Ttapudy. [ng TpuzoHHOTO OOTIKY
CHOXHMBAHHA eJeKTpoeHeprii B HiYHMN Yac koedimient 0,4, y HamiBmikoBuid mepiox — 1,0, y
mkoBuii — 1,5.

Jlist oTpuMaHHS pe3yibTaTiB, HABEJCHUX Ha PUC. 2, TMPOBEIEHO YHCIOBI JOCHIIKEHHS IPH
301IbIIEHH] TEMJIOBOI MOTYXHOCTI TeruioBoro Hacocy g I'BII y niunmit mepiog 3 100,1 no
170 kBT, mpu 1pOMy HEOOXiTHAa TOTYXKHICTh y JACHHHH Tmepiof (sl TBO30HHOTO OOIIKY),
BinoBiAHO, 3MeHImacs 31 100 go 65,5 kBT. Jlnsa Takux yMoB 00’eM Oaka-aKyMymsiTopa TEIIOTH
3poctae y 2,43 pasu,

Jlnist cucteMu i3 TPU30OHHUM OOJIIKOM €JIeKTPOEHEPTrii MOTYKHICTh TEIJIOBOTO HAacoca MiaOupaiu
B TMIKOBUH Ta HamIBOIKOBUA mepiog 3a yMOB 3a0e3neueHHs MiHIMaJbHUX BHUTpaT Ha
enektpoeHeprito. Ilepernn rpadika BUTpaT Ha €JEKTPOEHEPril0 Ha pHUC. 2 UId CHCTEMH 3
TPU30HHUM O0JIIKOM MOXHA MOSICHUTH THM, III0 32 OTYXHOCTI TEIJIOBOTO HacOoca B HIYHUN Nepion
611101 32 126 kBT Hali10p0oXK40I0 "MIIKOBOIO" €JIEeKTPOCHEPTIEI0 MOKHA HE KOPUCTYBATHUCS.

3riiHO 3 JaHWMHU Ha PUC. 2, BCTAHOBJICHHS J[BO- Ta TPU30HHUX CHCTEM OOJIIKY €NeKTPOCHEepTii
JI03BOJIsIE 3MEHIIUTH BUTPATH Ha HEl: JUIS JBO3OHHUX CHCTEM i3 HIYHUM TapU(PHUM KoedimieHToM
0,7 — Ha 10%; nns TBO30HHHUX cHCTEM i3 HIYHUM TapuduuMm Koedimientom 0,5 — Ha 16,7%; s
TPU3OHHUX CUCTEM i3 HIYHUM TapupHUM Koedimientom 0,4 — Ha 9,6%.
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Puc. 2. YumB notyxHocTi TemoBoro Hacoca 1t ['BII y Hiunmii nepion Ha 06’ em Oaka-akymyJisiTopa Ta
Ha 00OBI BUTPATH Ha €JICKTPOCHEPTII0

CymapHa €KOHOMisl BUTPAT Ha €JIEKTPOCHEPTil0 3a BCTAHOBJIEHHS ii 30HHOTO OOJIIKY Ta OakiB-
AKyMYJIATOPIB TEMJIOTH CUCTEMM rapsdoro BOAOIMOCTAYaHHS CKJIANa€: JJs IBO3OHHOTO Tapudy 3
HivHUM KoedimieHToM 0,7 — 16,9%:; nis nBozoHHOro Tapudy 3 HivHUM KoedirienTom 0,5 — 28,2%;
JUIsL TPU30HHOTO Tapudy 3 HiYHUM Koedimientom 0,4 — 33,9%.

Crig 3ayBayKuTH, 110 32 YMOB BUKOPHUCTaHHS JOJATKOBUX MIKOBUX JKEPEI TEIUIOTH, HallPUKJIal,
€JICKTPOHATPIBHUKIB [5], OTpUMaHI €KOHOMIUHI e€()EeKTH MOXYTh OyTH jaemo miaBuiieHi. OTxe,
aKymynoBaHHs Teriotu Juisi cucteM ['BII moske 3abe3nedyBatu CyTTEBY €KOHOMIIO BHUTpAT Ha
€JICKTPOCHEPTrito, ajie MoTpedye OUIBIINX TMEePBUHHHUX BHUTPAT uyepe3 30UIBIICHHS BCTAaHOBJICHOI
MOTYXHOCT1 00JIaJTHAHHS Ta MacOorabapUTHUX IMMOKA3HUKIB YCIET CUCTEMHU.

st 3anporioHoBanoi B [3] cxemu moeaHaHHST BUPOOHHUIITBA TEIJIOTH 1 XOJIOAY B TEIUIHH Mepioja
POKY OCHOBHOIO OCOOJHUBICTIO € HEOOXIAHICTh Y3roJDKeHHS ToTyxHocte cuctemu ['BII,
miJ’€qHAHOI J0 KOHJEHCaTopa, Ta CUCTEMH XOJOJOMOCTAa4aHHS, MiA €AHAHOI /10 BUIIapHUKA
TETJIOHACOCHOT YCTAHOBKH.

OO6uaBi cucTeMd MarOTh HEPIBHOMIpHHUHN H000BUH Tpadik MOTYKHOCTI, TOMY ISl Y3TOIKEHOI
poOOTH CHCTEM 3ampONOHOBAHO BHUKOPHUCTOBYBATH OaKW-aKyMyJsSTOpH. BusBieHo, 1o OuIbII
JIOLIJIBHO BUKOPUCTOBYBATH aKyMYJISITOPH Tapsdoi BOJIM, TOMY LII0 BOHM MalOTh Ha0arato MEHIIHMA
06’eM (3,6 M), Hix BomsHI akymynsTopu xouoxny (24 m°). Ha HpakTHii BUKOPHCTOBYIOTH TAKOXK
IHIIII BapilaHTU aKyMYJIIOBaHHS XOJIOAY [6], sIKi XapaKTepHU3yHThCS MEHITUMU MacorabapuTHUMH
MOKa3HUKAMH, aje 3HauyHI KaIliTAJOBKJIAJEHHS B TaKi CHUCTEMH 3HAYHOIO MIPOIO HIBENIOIOTH
e(hEeKTUBHICTH 1X 3aCTOCYBaHHS.

Ha puc. 3 mokasaHo sk yrumBae criBBigHoIIeHHs nmotyxHocteld ['BII Ta Xxomomonocrauands Ha
00’ €M aKyMyJsITOpa rapsiaoi BoJIu.

I3 HaBegeHoro Ha puc. 3 rpadika MOKHA BU3HAYMTH MEX1 Hale(EKTHUBHINIOTO BUKOPUCTaHHS
3aMpONOHOBAHOI CXEMH CHCTEMH TEIUIOXOJIOAOoNOoCcTayaHHss OymaiBmi. Sk BHJIHO, 3a yMOB
CIIBBITHOIIICHHS pO3paxyHKOBUX ToTyxHocTte ['BII Ta Xomomomocrauanns Ounbimie 3a 2,4 Taka
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KOTeHepalliiiHa cucreMa Mpailioe HalOUIbI e(EeKTUBHO i aKyMyJsSTOp TEIUIOTH HE MOTPIOHMIA,
OCKUJIBKM TOTY>KHOCTI Ha BHIIAPHUKY TEIUIOBOTO Hacoca, 1o mpaioe Ha cuctemy ['BII, Oyzme
JOCTaTHbO, abu 3abe3meunTH MOTpeOM B Xononi. 3a cmiBBigHOIIEHHS mnoTyxkHoctedl I'BII Ta
XOJoZ0noCcTayaHHsl Hikye 3a 1,5...1,6 BUKOpHUCTaHHS 3alpPONOHOBAHOI CXEMH MOTpedye
BCTAHOBJICHHS 0aKiB-aKyMyJsITOPIB raps4yoi BOJU 3HAYHOTO 00’ eMy.
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Puc. 3. 3anexHicts He0OXiTHOTO 00’ €My Oaka-aKyMyJIsiTOpa rapsiaoi BOIH Bil
criBBiHOIEHHS oTyx)HOCTel ['BII Ta X0nmononocrayanus

Otxe, YIIPOBAKECHHS 3aIpPOIIOHOBAHOT eHeproeeKTHBHOL cXeMHU CHUCTEMH
TEIIJIOX0JI0IONIOCTauaHHs Oy/ie Halle()eKTUBHIIIUM IS )KUTJIOBUX OYIiBEJb, Ta3€Hb, CAHATOPHUX 1
0aceifHOBMX KOMIUIEKCIB Ta IHIIMX OO €KTIB 13 3HAYHUM CIHOXXKHBAaHHSAM Tapsdoi BOAM W
HEBEJIMKUMHU TIOTY>KHOCTSIMH CHCTEM XOJIOJOITOCTaYaHHS.

BucnoBku

1. IlepcneKTUBHUM HANpPSIMKOM CKOPOYEHHS CIIOKMBAaHHS BUKOIHOTO MajHBa B CHCTEMax
JICIIEHTPATI30BAHOTO TEIJIONOCTAYaHHs, Ha Hally JyMKY, € BHKOPHCTaHHS TEIJIOHACOCHOTO
o0afHaHHA, 110 JI03BOJIsIE €PEeKTUBHO BUKOPUCTOBYBATH aJbTEPHATUBHI JKepena eHeprii. 3HauHi
KaIliTAJIOBKJIAJCHHS Ta CHOXHBAHHA EJEKTPOCHEprii MOXHAa KOMIICHCYBATH OJHOYACHUM
BUPOOHULITBOM Ha TOMY X OOJaJHaHHI TEIIOTH Ta X0ioay. OCKUIBKM CHOXXKHUBaHHS TEIUJIOTH Ta
XOJIOAY B JKUTJIOBHX OYHIIBISX MPOTATOM OO0OM Mae 3HauHy HEpIBHOMIPHICTb, TaKi CHUCTEMHU
noTpeOyloTh BCTAHOBIICHHS CHUCTEMH aKyMYIJIOBaHHs eHeprii. /loBeleHo, 0 OUTbLI JOpEeYHO 3
METOI0 3a0LIA/DKCHHS B JKUTIOBUX OYJIBISAX BCTAHOBIIIOBATH AaKyMYJIATOPU TEIUIOTH, a HE
aKyMYJISITOPH XOJIOY.

2. BusBneHo, O CymMapHa €KOHOMisl BUTpAT Ha EJIEKTPOCHEPTil0 3a YMOBHU BCTaHOBJICHHS
CHCTEM 30HHOTO OOJIIKY €JIeKTPOEHEPrii Ta CUCTEM aKyMyJIIOBaHHS TeryioTu ckianae 16,9...33,9%
3aJIeXHO BiJ TapuHuX KoedirienTis. [Ipn yoMy 3aom1akeHHsT KOIITIB BiJl YIIPOBAPKEHHS CaMHUX
30HHUX cucTeM 00Ky ckianae 9,6...16,7%.

3. BusiBieHO 3aKOHOMIpPHICTh YIUIUBY CHIiBBIJHOIIEHHS MOTYXHOCTEH raps4oro BOAOMOCTaYaHHs
Ta XOJOJOMOCTAa4aHHsS Ha o00’eM Oaka-akyMyjisaTopa ¥ MeXi JOIIBHOCTI BUKOPUCTAHHS
KOTEHEepaIlifHUX CHUCTEM TeIUIOXOJOJONOCTayaHHsA. BkazaHo, 1m0 Ha#kpaii [OKa3HUKU
e(eKTUBHOCTI Taka CHCTEMa MaTUMe s O0’€KTIB 13 3HAYHUM CIIOKHBAHHSIM Trapsdoi BOAM M
BIZTHOCHO HEBEJTMKUMHU MOTY)KHOCTSMHU CHCTEM XOJIOJIOTIOCTaYaHHSI.
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POWER ENGENEERING AND ELECTRICAL ENGINEERING

D. V. Stepanov, Cand. Sc. (Eng.), Ass. Prof.; N. D. Stepanova, Cand. Sc. (Eng.),
Ass. Prof.; O. A. Gaydeychuk

HEAT ACCUMULATION IN THE NETWORK OF EFFICIENT
HEAT-AND-COLD SUPPLY SYSTEM OF A RESIDENTIAL BUILDING

The paper analyzes variants of operation of the heat-and-cold supply system for a residential building,
which includes heat pumps and heat accumulators. Study of the influence of heat pump power on the
storage tank volume and daily expenses for electric energy have been performed taking into account two-
and three-zone electricity accounting system. Dependence of the heat storage tank volume for hot water
supply system on hot water and cold supply power ratio has been obtained. Feasibility boundaries of
implementing the cogeneration heat-an-cold supply systems in buildings are determined.

Keywords: heat accumulator, heat-and-cold supply system, heat pump, zonal accounting of electric
energy consumption.

Introduction, problem statement

One of the most important current tasks is to reduce the imported natural gas consumption and to
increase energy efficiency of the objects of housing and communal services in Ukraine. In the
centralized heat supply systems natural gas is expedient to be replaced by coal and its mixtures with
biomass. To our mind, however, in the conditions of decentralized heat supply systems with the
application of heat pump technologies would be the most prospective ones.

Such equipment enables application of such alternative energy sources as the heat of soil, air,
exhaust air, groundwater, river water, wastewaters, etc. [1]. This provides sufficiently high fuel
utilization coefficient, minimal environmental impact of the system, high level of safety, automation
and production standards. Disadvantages of heat pump systems include high capital investments and
significant energy consumption. At the same time, heat pumps can also produce cold during the hot
season for cooling the indoor air. Therefore, such cogeneration system makes it possible to reduce
the cost of heat and cold production.

Residential building with the heating system rated power of 202,7 kW, of hot water supply
system - 157,1 kW and of cooling system - 4,7 kW [2] has been chosen as research object.

In order to reduce capital investments into the heat-and-cold supply system and electric energy
consumption in the warm season, the following engineering solution was used for cold generation
[3]: cold supply system is connected to the evaporators of heat pump units, which enables
simultaneous heat energy generation at the condensers of heat pumps for hot water supply system
and cold generation at the evaporators of heat pumps for cold supply system (Fig. 1). Such solution
also enables application of passive cooling of the building.

One of the main characteristic features of residential buildings is significant non-uniformity in
the consumption of heat for the system of supplying hot water and cold for indoor air conditioning.
Daily variations in heat load of the hot water supply systems (HWS) and simultaneous heat and cold
generation in the warm season requires application of energy accumulation systems. Therefore, this
work aims at estimation of the efficiency of heat accumulation in the heat-and-cold supply system
of the residential building.
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Fig. 1. Network of the energy-efficient heat-and-cold supply system of the
building

Main research

In order to balance the daily load on HWS, hot water accumulators are usually used. Such
method makes it possible to simplify regulation of the heat pump unit and to reduce its peak loads.
Taking into account rated power of HWS system and characteristic daily power distribution [3], it
was determined that average daily power of the system is 100.1 kW. If heat pump unit operates
around the clock with such power, the necessary volume of the stoage tank will be 6.51 m’.

Heat power unit is a powerful consumer of electric energy while currently ever more attention is
paid to two-zone accounting of electric energy consumption. In order to reduce expenses for electric
energy, it is expedient in such case to increase the heat pump power during the night period of
minimal electric energy consumption (from 11PM to 7 AM). Fig. 2 shows how the heat pump
power at night influences the volume of heat accumulator tank and expenses for electric energy (full
tariff for electricity is assumed to be 1.4 UAH / kWh. In this case two variants of the electricity
tariffs at night are taken into account — 0.7 and0.5 of the full tariff. For three-zone electricity
consumption accounting this coefficient is 0.4, at the half-peak period — 1.0 and during the peak
period — 1.5.

In order to obtain results, presented in Fig. 2, numerical studies were conducted for HWS heat
pump power, which increases at night from 100.1 to 170 kW with respective reduction of the
required power at daytime (for two-zone accounting) from 100 to 65.5 kW. For such conditions the
volume of heat storage tank increases by 2.43 times.

For a system with three-zone electricity accounting the heat pump power was selected for peak
and half-peak period, provided that minimal expenses for electricity would be ensured. Inflection of
the graph of expenses for electric energy (Fig. 2) for the three-zone accounting system is explained
by the fact that expensive “peak” electricity may not be used during the night period, when heat
pump power exceeds 126 kW.

According to data in Fig. 2, installation of two- and three-zone electricity accounting systems
makes it possible to reduce expenses for it: for two-zone systems with night tariff coefficient 0.7 —
by 10 %; for two-zone systems with night tariff coefficient 0.5 — by 16.7% ; for three-zone systems
with night tariff coefficient 0.4 — by 9.6%.
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Fig. 3. Influence of the power of heat pump for HWS during night period on the storage tank volume and
on daily expenses for electricity

Total economy of expenses for electricity with its zone accounting and installation of heat
storage tanks of the hot water supply system is as follows: for two-zone tariff with night coefficient
0.7 — 16.9%; for two-zone tariff with night coefficient 0.5 — 28.2%; for three-zone tariff with night
coefficient 0.4 — 33.9%.

It should be noted, that with the application of additional peak heat sources such as electric
heaters [5], the obtained economic effects could be somewhat increased. Thus, heat accumulation
for HWS systems can provide significant economy of expenses for electricity but requires
considerable initial expenses due to the increased installed power of the equipment and mass-size
parameters of the entire system.

For the cogeneration heat and cold scheme, proposed in [3], in the warm season there is a
necessity to coordinate powers of HWS system, connected to the condenser, and of the cold supply
system, connected to the evaporator of the heat pump unit.

Both systems have a non-uniform daily power schedule and, therefore, for coordinated operation
of the systems it was proposed to use storage tanks. It has been discovered that it is more expedient
to use hot water accumulators since they have a much smaller volume (3.6 m3), than water
accumulators of cold (24 m3). In practice other variants of cold accumulation are used [6], which are
characterized by smaller mass-size parameters. However, high capital investments in such systems
reduce, to a great extent, the efficiency of their application.

Fig. 3 shows how HWS and cold supply power ratio influences the hot water accumulator
volume.

From the curve, presented in Fig. 3, boundaries of the most efficient usage of the proposed
scheme of the heat-and-cold supply system for a building could be determined. It is evident, that in
the case of HWS and cold supply rated power ratio exceeding 2.4, such cogeneration system
operates most efficiently and heat accumulator is not required as power at the heat pump evaporator,
which works for HWS system, will be sufficient to provide the necessary amount of cold. If power
ratio of HWS and cold supply is below 1.5 — 1.6, application of the proposed scheme will require
installation of large-volume storage tanks.
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Fig. 3. Dependence of the necessary volume of the hot water storage
tank on HWS and cold supply power ratio

Thus, implementation of the proposed energy efficient scheme of the heat and cold supply
system will be most effective for residential buildings, washhouses, sanatoria and swimming pools
as well as for other objects with significant hot water consumption and low power of cold supply
system.

Conclusions

1. A prospective trend of reducing fossil fuel consumption in decentralized heat supply systems
is, to our mind, application of heat pump equipment, which enables efficient use of alternative
energy sources. High capital investments and electric energy consumption can be compensated by
simultaneous heat and cold generation using the same equipment. As heat and cold consumption in
residential buildings is characterized by significant non-uniformity during 24 hours, such systems
require installation of energy accumulation equipment. It has been proved that in residential
buildings installation of heat accumulators is more reasonable in terms of cost-effectiveness than
installation of cold accumulators.

2. It was found that installation of zone electricity accounting systems and heat accumulation
systems provides 16.9..33.9% savings of expenses for electricity depending on the tariff
coefficients. It should be noted that savings due to implementation of zone accounting systems
themselves amount to 9.6...16.7%.

3. Regularity of the influence of hot water supply and cold supply power ratio on the storage tank
volume has been determined as well as feasibility boundaries in the application of cogeneration
heat-and-cold supply systems. It is noted that the best efficiency indices of such system will be
observed for the objects with considerable hot water consumption and relatively small powers of
cold supply systems.
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