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METOAUKA BUSHAYEHHSA BAPTICHUX
EKBIBAJIEHTIB EHEPTOHOCIIB

IparsenHs 10 eHepreTH4HOI He3alexHocTi YkpaiHu BinoOpaxeHo B HamioHanbHii crparerii Ykpainu mo 2030 p.
BasxinBuM 3aBIaHHAM Ha LbOMY LUIAXY € IiJBUILEHHS €HEProe(eKTHBHOCTI OIaIIOBAIBHUX CUCTEM.

3a HecTaOUIPHUX IIH 1 Tapu(iB Ha €HEProHocCii TPaAMLiiiHI METOIMKH IMOPIBHAHHA €()EKTUBHOCTI BHUKOPUCTAHHS
€HEeproHociiB, sKi OCHOBaHI HA HOPMATUBHUX KoedilieHTaX eeKTUBHOCTI KaIliTaJIOBKIAIEHb, € HEAKTyaJIbHUMH.

IponoHyeThcss METOMKA OLIHKM €()eKTHBHOCTI 3aCTOCYBaHHs Pi3HMX BUJIIB €HEProHOCI{B 3aJieXKHO Bif 00’eMiB iX
CIIOKUBAHHS Ta 4Yacy 100M, LiHK Ha NAJIMBO Ta BUTPAT HA HOrO TPAaHCIIOPTYBAaHHA. MeTO/1Ka OCHOBaHA Ha IOPiBHAIBHOMY
aHaJli31 BApTOCTI BUKOPUCTAHHS €HEPrOHOCIIB 3aJI€KHO Bijl IX €HEProMicTKOCTI.

Kiro4oBi c/10Ba: eHeproMicTKicTb, €eHEProHoCii, ajIkBO, BAPTICHUI €KBIBAICHT, KOe(illi€eHT BUKOPUCTaHHS.

MocranoBka mnpodaemu. HaOyrrs VYkpaiHOO eHEPreTMYHOI HE3aJIEKHOCTI € TPIOPUTETHUM
HAMpsSIMOM B PO3BHTKY YKpaiHCbKOI EHEPreTMKH Ta eHEepro30epeKeHHs, WI0 BiJOOpakeHO B
HamionaneHiit eHeprermuHiii crparerii Ykpainm mo 2030 p. ta HamionaneHomy Tutami nid 3
eHeproedektuBHOCTI Ha miepion no 2020 poky [1, 2]. € nekinbka HampsMiB 3a SIKMMH TPAIIOOTh
CHEPIeTHKH, OJHUM i3 HUX € ONTHUMI3allisl CHEPrOCIOKUBAHHS. 3arajibHOBIIOMUM € TBEPDKCHHS, IO
BUTPATH Ha TJBWINEHHS EHEproe)eKTHBHOCTI € MEHIIMMH YAM BHUTpPATH HA BBEICHHS B 0 HOBUX
CHEproreHepyrUYHX TNOTY)KHOCTel. [IpaBmiibHU BHOIp €HEproHOCiS 3aJISKHO Bif HOro BapTocTi Ta
KoedillieHTa BHKOPUCTAHHS Jla€ €KOHOMIiI0 Y BHTpaTax Ha OMAJICHHI NMPOMHUCIIOBHX, COLIaJbHUX Ta
KHTIOBHUX 00 €KTIB.

Butpati Ha onalieHHS NMPHUMILICHb B CTPYKTYpi KOMYHaJbHHX BUTpaT cTaHOBIATH 50-70 %.
BpaxoByrouu Te, o oCTaHHIM YacoM, 3 00’ €KTUBHUX NMPUYHH, TApHU(PH HA EHEPrOHOCIT 3MIHIOIOTHCS
4acTo, aKTyalbHUM CTa€ MUTaHHS BUOOpPY €HEProHOCIsS 32 YMOBH HAsIBHOCTI y CIOXHBada Pi3HOTO
TEeIIOreHEePYIOUOro o0IaTHaHHS.

AHaJi3 ocraHHix mociaimxkeHb i myOJikaniii. OctaHHiM YacoMm, B 3B’S3Ky 3 IMOCTIHHMMHU
3MiHAMH TapuQiB Ta I[iH HAa EHEProHOCii, BIACHUKH IPOMHUCIOBHX, COI[IAIbHUX Ta XHTIOBUX
00’€KTIB BCTaHOBJIIOIOTh JEKUIbKA BHJIIB ONAJIOBAJILHOTO OOJNATHAHHS, SKE MPAIIOE Ha PI3HUX
JoKepenax eHeprii. SIKImo ajis mpoMHCIoBUX 00’€KTIB el BUOIp, 3a3BHUail, 0OMEXKYEThCS ra30M Ta
BYTJIEM, TO JUIS COIIaJIbHUX Ta HEBEJIMKUX JKUTIOBUX 00’€KTIB 1eii BuOip Ouibiimmid. Tak B YkpaiHi
IIMPOKE PO3MOBCIOKEHHST HaOyBalOTh TBEPJIONAIMBHI KOTIH, SIKi MPAIIOIOTh HAa JIpoBax, OpHKeTax
Ta Tenerax.

B cinbchbkOMy TOCIOAapcTBi € MPUKIAAN e()EeKTHBHOTO BHKOPHUCTAHHS 0i0ra30BHUX YCTaHOBOK.
Cai BIIMITHTH, 110 32 HUHI BCTAHOBJICHUX I[IH HA I'a3 KOHKYPEHTHUM CTa€ EICKTPOONAJICHHS, ajie 3a
YMOBU BHKOPHUCTaHHS JBOX- Ta TPhOX Tapu(HUX IUIaHiB. ToMmy, 3 OmISQy Ha Te, UIO ILIHW Ha
SHEeproHOCii MOCTIHHO Ta HEPIBHOMIPHO 3MIHIOIOTHCS, BHHUKA€E HEOOXiMHICTh BHOOPY €HEpProHOCIsS
JUTS OTIaJICHHSI, BPAaXOBYIOUHM HOI0 BapTiCTh HA CHOTOJIHI.

TpaauuiiiHi METOTUKN MOPIBHIHHS e()EKTHBHOCTI BUKOPUCTAHHS €HEPrOHOCIIB, SKi OCHOBaHI Ha
HOPMATHUBHUX KOe(]illieHTax ePEKTHMBHOCTI KaIiTaJIOBKIAJCHb 32 HECTaOUIbHMX IIiH 1 TapudiB Ha
eHeproHocii € HeakTtyagpHuMHU [3]. TomMy Ha mepHMi IUTAaH BUCTYIAE HEOOXITHICTH OIIHKH
eekTrBHOCTI Ha KOPOTKOYACHHU IIepioJl, B TOMY YHCII 3a BXE HASBHOTO (BCTAHOBJIECHOIO)
OIaJIIOBAJIBLHOIO 00JIaHAHHSI, TOOTO 0€3 BpaXyBaHHS KalliTaJOBKIAJICHb.

[MutanHs eHeproe)eKTHBHOCTI 3a OMNAJICHHS MPUMIIICHb 3 BHUKOPHUCTAHHSIM METOIUK OILIIHKU
BHKOPHMCTaHHS PI3HUX BUJIIB MajKBa 30KpeMa MpeacTaBicHi B podoTax [4—8].

© Kenko O.1., Kenko B.M., 2017.
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Mera pociigxenb. CTBOpEHHS METOJVKH BH3HAYCHHS BapTICHOIO €KBIBaJIGHTa CHEPTOHOCIA,
sKa Ja€ OUTBII TOYHY YSBY MPO eEeKTHBHICTh BUKOPUCTAHHS TaJIMBa, alie P [[bOMY € IOCTYITHOIO y
BHUKOPHUCTaHHI MPAKTUYHUMHU TPAIliBHUKAMH, 1 HABITh HE CIeliaTicTaMH.

Marepian i MeTroguka, OCHOBHi pe3yJabTaTH AOCTiI:KeHHs. BapTicHWE eKkBiBaleHT — 1ie
BUTpPATH HA MPUAOAHHS Ta TPAHCIOPTYBaHHS SHEPrOHOCIS, SIKi OJHAKOBi 3 0a30BHM EHEPTOHOCIEM,
KU O0OMpaeThcs 3a Oa)kaHHAM JOCTIIHMKA. B TaOmuii 1 HaBeneHi eKBIBaJICHTH IESIKUX BUJIIB
nanuBa 3a 6a30BOTO EHEProHOCIs — a3y, NPH IIbOMY HE BPaxOBaHI BUTPATH HA TPAHCIIOPTYBAHHS Ta
30epiranHsi HOro y 3B’sI3Ky 3 TUM, 10 Y KOXKHOMY KOHKPETHOMY BHUIIAJKy BOHU OYAyTh Pi3HUMH, 1€
He BIUTMBAE Ha 3alIPOIMIOHOBAHY METOJHKY.

Tabnuus 1 — BapricHi ekBiBajIeHTH eHeproHociiB Ha onajeHHsl NpUMilLeHsb (1iHU craHoM Ha 1 Gepesns 2017 p.)

Exeprosociit Enepromicrkicrs, KoediwieHr Baprticts (Tapntb) SKE:;IE;(;H;E;
(0] BUKOPHUCTaHH, k | eHeproHociss, T .
eHeprosocis, £
Enexrpoeneprist, neHnuii Tapud (10 3,6 0.99 0,9 0,76
3000 kBt-roxm) M/bx/kBrT > rpa/kBTT rpa/kBrT
Enexrpoeneprist, Hiunuii Tapud (zo 3000 3,6 0.99 0,45 0,76
kBT'ToN) MJIx/xBrT > rpa/kBrT rpa/kBrT
Enexrpoeneprist, nenHuii Tapu¢ (moxHan 3,6 0.99 1,68 0,76
3000 kBt-rom) MJIx/xBrT ’ rpa/kBrT rpa/kBrT
Enexrpoeneprist, Hiunui Tapud (moHax 3,6 0.99 0,84 0,76
3000 kBt-roxm) M/bx/kBrT > rpa/kBrT rpa/kBrT
TennoBuii Hacoc 3.6 3 1,68 2,29
M/bx/kBrT rpa/kBTT rpa/kBrT
[Ipuponnuii raz M }]?)?(/MS 0,9 1%2/7133 Bbasosuii
. 22 3,5 3,27
Byrizis M/Dx/kr 0.7 IPH/KT IpH/KT
10 1,27 1,49
Aposa MJIx/kr 0.7 IpH/KT IpH/KT

Hns mpukinany po3risHeMo
PI3HOTO  OMATIOBAILHOTO

BUIAJOK 3 MOOYTOBHM CIOXXHBaueM y pa3i HasBHOCTI y HBOTO

oOnajHaHHA Ta 3a Tapu(iB CHEProHOCIIB BCTAHOBICHMX Ha

1 6epesns 2017 p.

3a Ga3oBuii eHeprouociit npuiiMemo ra3 (6,879 rpu/M’). 3 aHUX Tabuui | BHIHO, IO BUTPATH
Ha OMajeHHS Tra30M i, HANPHKIAJ, BYTUISM PiBHI TOJI, KOJIU BapTiCTh BYT'UUIA 3 TPAHCIOPTHUMH
BUTPATaMU CTAaHOBUTH 3,27 rpH/Kr. SIkOM BYTiJUIsSL Majo TaKy BapTiCTh, TO HA OTPUMaHHS OJHAKOBOI
KUIBKOCTI TEIJIOBOI €Heprii Bij BYriUIsd Ta ra3y BIaCHUK BUTPATHB OU OJHAKOBY CyMy. 3a CTAaHOM Ha
1 6epesns 2017 p. MaeMo BapTICTh BYruuis OJM3bKO 3,5 TPH/KT, 110 BHUIIE BapTICHOTO SKBIBAJCHTA,
TOMY HOr0 BUKOPHCTAHHS MOPIBHSIHHO 3 Ta30M HE BUTiAHE. AHAJONYHO BU3HAYMMO, 1[0 OMAJICHHS
JpOoBaMH JICIIEBINE, a OMalleHHs eNeKTpoeHepricto (okpiM HiuHoro tapudy mo 3000 kBrr 3a
HasIBHOCTI JI03BOJIY Ha €JICKTPOOIIAJICHHS) — JOPOXKYE.

BapricHi ekBiBasieHTH HaBeeHI B TAOJUII | MOXKIMBO OTPHMATH 3 MATEMAaTHYHOTO BHPA3Yy:

E= (T6+r7(3)-Q-k
- Q6'k6 >

(1)

ne n = 1/Q,, — KiIbKiCTb €HEProHOCis JIsl OTPUMAaHHS oHoro MJ[x Tenory, MMk, kBT /M, kr/MJx; T° — Tapud
06a30BOro €HEepProHocis, FpH/MS, rpH/KBTT, rpH/Kr; O — €HEProMiCTKICTh MajvBa, M]Tx/v®, MIGk/kBrr, MIGK/Kr (tabi. 1);
k — xoedilieHT BUKOPUCTAHHS; T = IIPUBEJICHI BUTPATH HA TPAHCIIOPTYBaHH: Ta 30epiranHs nanusa; O — eHeproMicTKiCTh
najayBa 1o 6a30BOMy BapiaHTy; k” — Koe(illieHTH BUKOPUCTaHHs 10 6a30BOMY BapiaHTy.

3naroun macnoptHuit KK cBoro korma, MoxHa KoedilieHT BuUkopucTaHHsS k B Tabmumi 1
3amianTy Ha KKJI KOT/Ia 1 TAKUM YHHOM OTPUMATH OUIBII TOYHHUI pe3yJIbTarT.

Jnst OGinbiIoi HAOYHOCTI IHTEpIpeTamii pe3ynabTaTiB MPOMOHYEThCS 3aCTOCOBYBATH BiJHOCHI
BEJIMYMHYU BapTICHUX EKBIBAJICHTIB €HEPrOHOCIIB!

oE = (T6+r76~)-Q-k .
Q6 KO-(T + r7)

@)
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PesynbTaTi MOXKHA MpencTaBUTH y BUTIsAL rpadika (puc. 1, Tabm. 2), ne 3a Hy/b NpUHAMAEThCS
0a30BUi1 BapiaHT, a iHII PO3MOAUISIOTHCS 110 OOM/IBI CTOPOHU 3a TPUHIIMIIOM Y HETATHBHY CTOPOHY
HEraTUBHUHN pe3yNbTaT, Y MO3UTUBHY — IO3UTHUBHUH (Ha I1e BKake 3HaK GE).

Jpoga; -0,07 o

e Byrinng; 0,17

TNpuponuuii ras (6a3osuit);

0,00
B Teroswuii Hacoc; 0,36
EnektpoeHepris, HiuHnii |
tapu (noxan 3000
EnexrpoeHeprisi, ieHHHit xBr-ron); -0,10
Tapud (noxan 3000 EnexrpoeHepris, HiuHHit
kBr-ron); -0,55 tapud (no 3000 kBt-ron) ;

Enercpoesiepris, e A —— 0.8

tapud (mo 3000 kBt-ron) ; -

5

-1 700 1 ,OO

BapricHuii ekBiBaneHT

Puc. 1. BinHocHi BapTicHi eKBiBaJIeHTH HOCIIB TeNJIOBOI eHeprii
npu Tapudi ua ras — 6,879 rpa/m’.

Tabnuus 2 — BinnocHi BapTicHi exBiBajleHTH eHeproHociiB (1iHu craHoM Ha 1 6epesns 2017 p.)

EneproHociit oE
Enexrpoeneprist, nennuii Tapud (no 3000 kBt rox) -0,16
Enexrpoeneprist, Hiunuii Tapud (1o 3000 kBt ron) 0,68
Enexrpoeneprist, iennuii Tapu¢ (nonan 3000 kBt-rox) -0,55
Enexrpoeneprist, Hiunuii Tapud (monax 3000 kBr-roxm) -0,10
TermoBuit Hacoc 0,36
IMpuponnwuii ra3 (6a3oBuii) 0,00
Byrimis 0,17
JlpoBa -0,07

VY pa3i HEMOKIMBOCTI BHKOPHCTOBYBATH TBEpJC IajMBO, HANPUKIAJ B YMOBaX MicTa, Hac
IIKaBUTh TOPIBHSHHS BHUKOPUCTaHHS Ta3zy 1 eNeKTpoeHeprii sk jpkepena teruia. [IpoaHanmizyemo
rpadik BIJIHOCHUX BapTiCHUX EKBIBAJICHTIB EHEPTOHOCIIB 3 TOYKH 30py OMNAalieHHS Ta3oM abo
CNIEKTPOCHEPTi€I0 32 YMOBU BUKOPHCTAaHHS JBO3OHHOTO JIYMJIBHUKA €JIEKTPOSHEpTii Ta TapuHUX
00’eMiB i cioxkuBanHs Big 0 mo 3000 ta Bix 3000 kBr-rox (Tadm. 1, 2, puc. 1).

I3 rpadika BuUAHO, MO 3a HiHM Ha ra3 6,879 rpH/M3 OMAIIOBAHHS Ta30M € BUTIAHIIIMM 3a
SNIEKTPOONAJICHHS, OKPIM BUKOPHCTAHHS €NIEKTOKOTIa B HIYHWI Yac 3a CIIOXKHMBAaHHS ell.eHeprii J10
3000 xBt'rox.

OcTtaHHIM YacoM pPO3IOBCIO/KEHHS HA0YBalOTh TEIUIOBI HACOCH. 3aCTOCOBYIOUYH HAIIYy METOJHKY
MOKHA BU3HAYHMTH, 1110 BUKOPUCTAaHHS TerioBoro Hacoca 3 COP 3,0 € BUTiIHUM 3a BCIX iCHYIOUUX Ha
ChOT'O/THI, JUTsS TOOYTOBUX CIIOXKMBAYiB, TAPU(PIB HA EIEKTPOCHEPTIIO.

BucnoBku. BpaxoByioun Te, Mo BapTiCTh CHEPrOHOCIIB OCTAHHIM YacOM 3MIHIOETHCS 4acTo, TO
3allpONOHOBAaHA METOJMKa Ha Hall TOTJSI TOoJIermrye BHOIp OLTBII BHTIIHOTO EHEProOHOCH,
0COONIMBO SIKIIO 11 peamizyBaTH y BUTJISII KOMIT'IOTEpHOI MporpamMu. B Hamomy BHmajaky BoHa
peanizoBana B Microsoft Excel. Ane mie Oinbmmii eekT macTh cucTeMa aBTOMAaTHYHOIO BHOOPY
SHEeproHoCis Ha OCHOBI Tapu(iB, 00’€MIB CIIO)KUBAHHS EHEPTrOHOCIIB Ta Yacy J00H, sika Moxe OyTH
peanizoBaHa B MeXaX CHUCTEMH «PO3YMHUH OYyIMHOK», [0 aKTUBHO PO3MOBCIOJUKYETHCS B
PO3BUHYTUX KpaiHax cBIiTY. J{o I11i€l cucTeMu MOke OyTH MiJKITIOUEHa 1 COHSYHA ab0 TEIIOHACOCHA
CHCTEMH TeruIonocTadyanHs. Taki cHCTeMH B aBTOMaTHYHOMY PEKUMI MEPEKITI0Ya0OTh Pi3HI KOTIH Ha
HaHBUTIIHIIINN B JAHOMY BHUIIAJKy €HEPrOHOCIH.
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Meronuxka onpeejieHUsi CTOMMOCTHBIX 3KBUBAJICHTOB JHEPrOHOCHUTe el

0O.1. Kenko, B.H. Kenko

CrpemiieHue K 3HEpreTH4ecKod He3aBUCHMOCTH YKpauHbl oTpaxkeHO B HarmonaneHol crparerymu Yxpauss! 1o 2030 r.
BaykHoii 3a1a4eii Ha 3TOM ITYTH SIBIISIETCSI TTOBBIIICHIE SHEProd()(PeKTUBHOCTH OTOMHUTENBHBIX CHCTEM.

[lpn HecTaOWIBHBIX LEHAaX W Tapu(ax HAa SHEPrOHOCUTEIH TPAJMIMOHHBIE METOIUKH CpaBHEHHs 3(¢deKTHBHOCTH
WCIIOJIb30BaHMs YHEPTOHOCUTENEH, OCHOBaHHbIE HA HOPMATHUBHBIX KO (GHUIMEHTaX 3(PPEKTHBHOCTH KalTUTAIOBIOKEHHUH,
ABJISIFOTCS. HEAKTyaJIbHBIMU.

[pennaraercss MeTonuka ONEHKH (G (GEKTUBHOCTH NPUMEHEHHs] PA3JIMYHBIX BHIOB SHEPrOHOCUTEIEH B 3aBUCHMOCTH
oT 00BEMOB MX INOTPEOJCHUS] U BPEMEHH CYTOK, LIEHbI Ha TOIUIMBO M PAcXOOB Ha €ro TPaHCIHOPTHPOBKY. Meronuka
OCHOBaHa Ha CPaBHUTEJILHOM aHAJIM3€ CTOMMOCTHU MCII0Ib30BaHUs SHEPIOHOCUTENIEH B 3aBUCUMOCTHU OT UX 3HEPrOEMKOCTH.

KimioueBsie c10Ba: SHEProeMKOCTb, SHEPIOHOCHTEIH, TOINTMBO, CTOMMOCTHBIN SKBUBAJICHT, KO3 (DHIMEHT HCIIOB-30BaHUS.

Methods for determining Cost equivalents of energy sources

0. Kepko, V. Kepko

Course of optimization of energy consumption is one of the directions in which power engineering specialists work.
There is a well known statement that expenses for energy efficiency rise are less than expenses for using new energy
generating capacity. Correct choice of energy source depending on its cost and use factor saves expenses for heating of
industrial, social and dwelling facilities.

Expenses for space heating in the structure of communal expenses are 50-70%. Issue of energy source choosing in the
presence of different heat-generating equipment in the consumer becomes urgent taking into account the fact that in recent
years due to objective reasons tariff for energy sources often changes.
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Recently, the owners of industrial, social and dwelling facilities set several types of heating equipment that works on
different energy sources because of constant changes in tariffs and prices for energy sources. If this choice is usually limited
by gas and coal for industrial facilities then the choice is wider for social and small dwelling facilities. Thus, solid fuel
boilers working on wood, briquettes and pellets become widespread in Ukraine. In agriculture, there are examples of
effective use of biogas equipments. It should be noted that electric heating become competitive under current prices for gas,
but only in the condition of use two- and three-tariff plans. Therefore, there is a need for choosing energy source for heating
based on its cost at the moment taking into consideration the fact that prices for energy constantly and irregularly change.

Traditional methods of comparing efficiency of use energy sources based on regulatory coefficients of capital
investments efficiency under unstable prices and tariffs for energy are irrelevant. So, necessity of efficiency assessment for
short-term period comes forefront, including already available (set) heating equipment that is without taking into account
capital investments.

The purpose of the paper was to create methods for determining cost equivalents of energy sources which give a more
accurate picture on efficiency of fuel usage, but in addition to that is available in use by practical workers and not even
specialists.

Cost equivalent is expenses for purchasing and transporting of energy source that are identical to basic energy source
which is chosen at the wish of a researcher. Data in the table show equivalents of some types of fuel by such basic energy
source as gas, but we did not include the cost of its transporting and storing in view of the fact that they are different in each
single case that does not affect to proposed method.

Relative values of cost equivalents of energy sources are offered to apply for better demonstration of results interpretation.

In our view, this method makes the task of choosing a profitable energy source easier, especially if it implements
through a computer program taking into account the fact that the cost of energy sources often changes not long ago. In our
case it is realized in Microsoft Excel. But the system of automatic select of energy source based on tariffs, volumes of
energy consumption and time of day that can be implemented within the system "smart house" that actively spreads in
developed countries will give even greater effect. Solar or heat pump system of heat supply can be attached to this system.
These systems automatically switch various boilers to the most beneficial energy source in this case.

Keywords: energy holding capacity, energy sources, fuel, cost equivalent, use factor.
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