JocailzkeHHs] ONTHMAJIBHOTO (yHKIiIOHYBAHHSI iHTErpOBAaHMX CHCTEM eHeprosade3neveHHs!
CIOKUBAYiB i3 3aCTOCYBAHHSIM KOMILIEKCHOI0 AKYMYJIOBAHHSI €JEKTPUYHOI Ta TeNJI0BOI
eHeprii

Hccnenopanue ONTUMAJIBLHOIO (pyHKUMOHMpPOBaHUSA HHTErPUPOBAHHBIX cUcTeM
JHeproodecrneyeHusi mnoTrpeduTes el ¢ NPUMEHEHHMEM KOMIUIEKCHOIO AKKYMYJHPOBaHMS
3JIEKTPUYECKOM U TEII0BOM dHEePIrui

Research of integrated consumers energy supply systems with electric and thermal energy
accumulation optimal functioning.

1. Howmep nep:xaBHoi peectpanii Temu - 0117U003825,

2. HayxkoBwii kepiBHHK - K.T.H., Bepemiituyk FO.A., Bepemuituyk 10.A., Veremiichuk Yu.
A

3. CyTb po3po0KHu, 0CHOBHI pe3y/IbTaTH.

(Yxp.)

BukoHaHO KOMIJIEKCHE BUBUEHHS Ta HAyKOBE OOIPYHTYBaHHS MOKIMBOCTEH BUKOPUCTAHHS

KOHIIENLii eHepreTHyHux xaliB, K 00’€HAHHS IHTEIPOBAHUX EHEProNOCTadyalbHUX CHUCTEM B
yMoOBax YKpaiH# 3 METOI0 OOIPYHTYBaHHS TEXHIYHHUX PIIICHb JJISl pO3POOKH Ta CTBOPEHHS MOJIEIeH
KEepYBaHHS pPeXHMaMU iX poOOTH, 1110 CrIpHsie 3a0€3MeUEeHHI0 ONITUMAIBHOIO TOTOKOPO3MOALTY MIXkK
JDKepelaMy €Heprii Ta CIIo)KWBaYaMU 1 IMiIBUIICHHS €()eKTUBHOCTI €HEPTrOBUKOPHUCTAHHS.
Ha ocHOBI 00’€KTMBHMX HpPHUIYLUIEHb, pO3POOJIEHO MOJEJIb CHUCTEMH KOMILJIEKCHOI'O
eHepro3abe3rneueHHsT CIIOKUBAYIB, y BUMIISAI €HEPreTHYHOTO Xaly, skuii 3abe3mneuye morpedy y
eJIEKTPUYHIM 1 TeruoBill eHeprisx. [y mpencTaBlieHUMX CHCTEM €Hepro3ade3NeyeHHs CTBOPEHO
METOJI0JIOT1I0 ONTHUMI3AIlil PEKUMIB X pOOOTH, BPaXOBYIOUM €KOJIOTIYHI i1 €EKOHOMIUHI (aKTOpH Ha
HifcTaBl  MyJbTHKPUTEpIaTbHOTO  Minxoay. Po3poOieHi Moxeni  MyJIbTHKPUTEPIabHOIO
IUTaHYBaHHS ¥ oNTuUMI3alii peKuMiB (QYHKIIIOHYBaHHS IHTETPOBAHUX €HEProNnoCTayallbHUX CUCTEM
Jal0Th 3MOTY HIABUILUTH €(EeKTUBHICTh (DYHKIIIOHYBaHHS E€HEPreTMYHUX BY3JIB 13 JKeperaMu
pO30CepeKEHO0T TeHepailii.

[IpoBeneHo  MozenmoBaHHS  poOOOTHM  eHepreTudyHoro  xaba, 31 cy0’ekramu

eHepro3ade3rneyeHHs 3 BUKOpUCTaHHsAM iHcTpyMeHTiB DSM. BusHaueHo, mo mpu 3MiHI I[iHE Ha
eJIEKTPUYHY €Heprii s CIOKMBadiB, BUHUKAE MOXJIMBICTh IOKPHBATH TIONMUT BIACHUMHU
JoKepeNlaMy Ta 3MEHIIIMTH BUTPATH Ha KYITIBIIIO €HEPrOHOCIIB HA PUHKY. Y Pe3yNbTaTi po3po0IeHO
MeXaHi3MH  (opMyBaHHS, pO3paxyHKy LIHM Ha €JIEKTPUYHY €EHeprito i CcyO’eKTiB
rOCIO/IapIOBaHHA, $IKI MPOBOJSATH T'OCMOAAPCHKY MISIBHICTH 13 BHUPOOHUIITBA €IEKTPUYHOI Ta
TETJIOBOT €HEPTi.
Po3pobnena mojens MiATPUMKU (YHKIIOHYBaHHS EHEPreTMYHOro xaba Ha OCHOBI 0iorasoBoi
YCTAaHOBKH W 1HIINX B1JIHOBIIIOBAHUX JPKEPEJ €HEPrii y MOeIHAaHHI 3 CUCTEMaMH aKyMYJIIOBaHHS J1a€
MOXTHBICTD, HATIPUKJIA, TIPH BHPOOHUITBI 352,5 M*/106y 6iorasy oTpEMAaTH HOro KOHOMilO Ha
piBHI 25,4 TI/IC.M3/piK, 1110 32 PaXyHOK Ii/IBUILIEHH] €(peKTUBHOCTI 010ra30B0i ycTaHOBKU Ha 13,94 %
Ha/la€ MOJIMBICTh B YMOBaX KOTI€HEpaliiHOI CHCTeMH 3HU3UTH COOIBapTICTh BUPOOHMIITBA
SIIEKTPOCHEPTil Ta TEIUIOTH Y Mexkax Ha 20—30 %.

Po3pobneHo nuHamiuHi Mozeni (yHKIIOHYBAaHHS Pi3HUX Jukepen eneprii juis oyaismi 11"
JNEPXKABTOTPAHCHAITPOEKT" Ta mpoBeaeHO clieHapHE MOJECTIOBaHHS pPOOOTH 00’ €KTIB
TeIuIoreHeparii, B pe3yibTaTi SKOr0 BCTAHOBJIEHO, IO B HACHIJOK MIiJKIIOUYEHHS [0
[IEHTPaJII30BaHOI CHCTEMH TETIJIONOCTAYaHHS CIIOCTEPIracThCsl 3HIKEHHS BUTPAT HA BHPOOHHIITBO
TEIUIOBOI eHeprii Ha BiacHi notpedu 10 22,2%.

(poc.)
BEITIOJTHEHO KOMIUIEKCHOE HM3y4YCHHE W HaydYHOe OOOCHOBAHHME BO3MOXKHOCTEH HCIOJIB30BAHUS

KOHICIIIHUU SHCPIrCTHUYCCKUX xa6013, KakK OG'LCILI/IHGHI/IC HHTCIPUPOBAHHBIX BHGpFOCHaG)KaIOH_II/IX



CUCTEM B YCJIOBHSIX YKpawHbI C IENbI0 0OOCHOBAHMS TEXHHUYECKHUX PEIICHUU AJis pa3padOTKH U
CO3/IaHHSA MOJIENIell YIpaBJICeHHUS pPEKUMaMu UX paboOThl, 4YTO CIOCOOCTBYET 0OECIeYeHUIO
ONTUMAJIFHOTO TMOTOKOpACIPEACICHUSI MEXIYy HCTOYHHKAMHU DJHEPTHH U TOTPEOUTENSIMU U
MoBbIIIAeT YPPEKTUBHOCTH SHEPTOMOTPEOICHHUS.

Ha ocHOBe OOBEKTHBHBIX TIPEINONIOKEHUH, pa3paboTaHa MOJEIh CHCTEMBl KOMIUIEKCHOTO
sHeproobecrieyeHus] MoTpeduTeNneil, B BHUJE IHEPreTHUYECKOro xaba, KOTOpbI oOecreunBaer
MOTPEOHOCTh B DIIEKTPUYECKOW W TEIIoBOW »dHepruu. Jis mNpencTaBiICHHBIX CHCTEM
SHEprooOecrneyeHnsl Cco3JaHa METOAOJOTHS ONTUMHU3ALUU PEKUMOB HX pabOThl, YUHUTHIBAs
IKOJIOTHYECKHE W SKOHOMHYECKHE (DaKTOphl Ha OCHOBAHWU MYJIbTHKPUTEPUATBHOTO TOIXOA.
Pa3paborannpie MoAeNnu MYJIbTUKPUTEPUATBHOIO IUIAHUPOBAHUS M ONTUMHU3ALUU PEKHUMOB
(YHKITMOHUPOBAHMSI HMHTETPUPOBAHHBIX HDHEPrOCHAOKAIOIIMX CHUCTEM TIO3BOJISIOT TIOBBICUTH
3¢ (HeKTUBHOCTh (YHKIIMOHUPOBAHUS SHEPIeTUYECKUX Y3JI0B C HMCTOUYHHUKAMH paclpeiesieHHOM
reHepaluu.

[IpoBeneHo MoaenupoBaHue pabOTHI SHEPTETUYECKOro Xaba, ¢ CyObeKTaMH SHEProoOecreueHus ¢
WCIIONb30BaHueM HWHCTpyMeHToB DSM. OmpeneneHo, YTo TMpd HU3MEHEHHWU IIEHBI Ha
ANEKTPUYECKYIO SHEpPruu sl TMOTpeOuTeNeld, BO3HHKAeT BO3MOXKHOCTh TOKPBIBaTh CIIPOC
COOCTBEHHBIMU MCTOYHUKAMU W YMEHBIIUTH 3aTPAThl HA IMOKYIKY SHEPTOHOCHUTENICH Ha phIHKE. B
pe3ynbrate pazpaboTaHbl MEXaHU3MbI (DOPMHUPOBAHMS, pacyeTa IIEHbl Ha AJIEKTPUUYECKYIO SHEPTHIO
JUIsl CYOBEKTOB XO3SMCTBOBAHHS, KOTOPBIE OCYIIECTBIISIIOT XO3SMCTBEHHYIO JACSTEIBHOCTH IO
MIPOU3BOJICTBY NEKTPUUYECKON U TEIIOBOM SHEPTUH.

Paspaborana Mmojenp MOMIEPKKH (DYHKIIMOHHUPOBAHUS JHEPreTUYECKOro xaba Ha OCHOBE
OMOra3oBOil YCTAaHOBKM M JPYrUX BO30OHOBISIEMBIX HCTOYHUKOB OSHEPrUM B COUETAHUH C
CHUCTEMaMHU aKKyMYJHMPOBAHUS, UTO JAET BO3ZMOXXHOCTh, HAIPUMEp, MPH IMPOU3BoACTBE 352,5 M/
CYyTKH OHMorasza HOJy4yuTh €ro SKOHOMHIO Ha ypoBHe 254 THIC.M® / TO, 110 CYET IOBBILICHUU
s dexTuBHOCTH OMOra3zoBoil ycraHoBku Ha 13,94% mo3BoOJII€T B YCIOBUAX KOTE€HEPAIMOHHOU
CUCTEMBI CHU3HUTh CE0ECTOMMOCTh MPOU3BOJCTBA AJIEKTPOIHEPTHH M TEIUIOTHI B mpezenax Ha 20-
30%.

Pa3paboranbsl quHamMuueckue Mojenu (QYHKIMOHHPOBAHUS PA3TUYHBIX UCTOYHHKOB SHEPTUU IS
3nanus [T "TOCABTOTPAHCHUUIIPOEKT" wu mnpoBeneHuss cCleHapHOE MOJAEIUPOBAaHUE
paboTel OOBEKTOB TEIUJIOTEHEpAIlMd, B pPE3yJbTaTe KOTOPOTO YCTAaHOBIEHO, YTO B pe3yabTaTe
MOAKITIOUEHUS K IICHTPATU30BAHHONW CUCTEME TEITIOCHAOKEeHUsI HaOII0JaeTCsl CHIDKEHUE 3aTpaT Ha
MIPOM3BOJICTBO TEIJIOBOM HEPTUU HA COOCTBEHHBIE HYXIbI 10 22,2 %.

(anra.)

Complex study and scientific substantiation of energy hubs concept using possibilities as unit of
integrated energy supply systems in Ukraine with the purpose of technical substantiation solutions
for the development and creation of their operation control modes models, which helps to ensure
optimal flow distribution between energy sources and consumers with consumers energy use
efficiency increase.

On the basis of objective assumptions, a model of complex energy supply system for consumers in
the form of an energy hub, which covers needs for electric and thermal energy was developed. A
methodology for optimizing the modes of their operation was created for the presented systems of
energy supply, considering environmental and economic factors based on a multicriteria approach.
Developed models of multicriteria planning and optimization of integrated energy supply systems
operation modes makes it possible to increase the operation efficiency of power units with sources
of dispersed generation. Conducted energy hub work simulation with subjects of energy supply
using DSM tools. Determined that consumers electricity price changes, there is an opportunity to
cover demand from own sources and reduce the costs of market energy. As a result, mechanisms for
electricity price formation for economic entities engaged in electricity and heat production
economic activities have been developed.

The developed support model of the energy hub functioning based on the biogas plant and other
renewable energy sources in combination with accumulation systems makes it possible, for



example, for the production of 352.5 m® / day of biogas to save it at the level of 25.4 thousand m*
with increase of the biogas plant efficiency by 13.94% makes it possible in cogeneration system
conditions to reduce the cost of electricity and heat production by 20-30%.

Dynamic models of different energy sources functioning for the building of state-owned enterprise
«DERJAVTOTRANSNEDPROEKT» have been developed and scenario modeling of heat
generation facilities operation has been carried out, as a result of which it is established that
connection to the centralized heat supply system occurs a decrease in heat production costs for own
needs up to 22.2%.

4. HasiBHicTH 0XOPOHHHX JOKYMEHTIB Ha 00’€KTH NIPaBa iHTeIeKTyaJIbHOI BJIACHOCTI.
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ABTtopceke npaBo Ha TBip Ne 90144, 24.06.2019.

5. Bepewmiituyk FO.A., Ilputuckau I.B., Spmomnrok O.C., Onpumxko B.Il. MynbrukpurepiaabHa
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S. IlopiBHSIHHA 3i CBITOBUMH aHAJI0TaMH.

PiBeHb po3poOKHM BIJMOBIAAE€ CBITOBOMY pIBHIO Ta HEMae aHAIOrB B YKpaiHi. JlocnmimkeHHs
(GYHKIIOHYBaHHS 1HTETPOBAaHMX EHEPronoCTayalibHUX CHUCTEM B yYMOBaxX YKpaiHM TNpOBEICHI 3
BUKOpUCTaHHAM iHCTpyMeHTiB DSM Ta makety Optimization Toolbox cepenosuma MATLAB.

6. ExonomiuHa npuBa0MBicTh 1)1 IPOCYBAHHSI HA PUHOK.

PesynpTat poOOTH € KOPUCHUMU JUIsl HaBYalnbHUX 3akianiB Ta MOH VYkpainu Ta mignpuemMcTBam
Ta HAYKOBO-JIOCIIJHUM OpraHizauisM B €HEpreTHyHid ramy3i. BHpoBakKeHHS KOMILIEKCY
YCTAHOBOK PpO30CEPE/PKEHOI TeHepalii Ta HaKONM4YyBayiB €Heprii Uil pIi3HUX 00 €KTIB
TOCTIOZIAPCHKOT MIsTTBHOCTI, Ta KIHI[EBOTO CIIOXKHMBAYa JI03BOJIUTh 3HIDKEHHS BUTPAT B CEPEAHBOMY
Ha 15 -30% Ha eHeproHocii (e1eKTpoeHepris, TeIIoBa eHepris, ras).

7. TloreHuiliHi kopucTyBadyi (rajaysi, MiHicTepcTBa, MiANPUEMCTBA, OpraHizauii).

Pesynpratn poOOTH MOXYTh OYyTHM BUKOPUCTaHI MIiANPHEMCTBAMHM Ta HAYKOBO-AOCIITHUMHU
OpraHizaiisiMd B €HEepreTU4Hii ramsysi, JISIbHICTh SKUX MOJSAra€ y MPOEKTYBaHHI Ta MIATPUMII B
eKCIUTyaTalii CHCTEM €HEepronocTayaHHs Ta ONTUMAJIbHOTO YHPABIIHHSA [MMU CHCTEMaMH
BUXOJIIYM 3 TOTOYHUX 1 IPOrHO30BAHUX MOTPeO KiIi€EHTa i1 YMOB pUHKY eHeprii B YKpaiHi.

8. CTaH roroBHOCTI po3po0KH.

Po3pobiieHe aBTOpChKE MporpaMHe 3a0e3MeueHHs, SKe MOXKE BHKOPHUCTOBYBATHCS B CHUCTEMax
aucTeTyepu3aliii KOMIJIEKCY YCTaHOBOK PO30CcepeKEHO0T TeHepallii Ta HaKOMM4YyBayiB eHepriil s
pI3HUX 00’ €KTIB TOCTIOAPCHKO1 AISTTBHOCTI B YMOBaX PHHKIB €HEPTOHOCITB YKpaiHHU.

0. IcHyro4i pe3yjbTaTi BIPOBA/:KEHHS

Pesynbratu poboTtu BHKOPHUCTAHHI y BUPOOHUYI MPaKTHIII: Al
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