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Anunomayus. Ilpu évibope naubonee ¢hghekmuHbvix YCmano80K pacnpeoesieHHol
eeHepayul dHepeUY HeoObX00UMO YUUMbIEAMb MHONCECMBO PA3IUYHBIX
Gaxkmopos u yciosuil.

Abstract. When choosing the most efficient distributed power generation installations,
many different factors and conditions must be considered

Knrouesvie cnosa: yemanoexu pacnpedenennoui eenepayus snepeuu (PID).
Keywords: renewable energy sources, distributed power generation plants.

BBEJIEHUE

B Hacrosimiee BpemMss BO BCEM MHpPE MPUHLMIIMAIBLHOE BHUMAHHUE YJEISAETCS
BOBJICUEHHUIO BO30OHOBIIIEMBIX MCTOYHHMKOB 3HEPIHM B dHepreTuueckuil Oananc. YUro, B
MHUPOBOM Maciltade, B 3HAYUTENIbHON Mepe, MPU3BAHO PELIUTh HE TOJBKO JHEpre-
TUYECKYI0 MpPOOJIeMy, CBSI3aHHYIO C HEHU30€KHOM HMCUEpIaeMOCThIO TpPaTUIIMOHHBIX
sHEeproHocutenel (yroib, HedThb, Ta3), HO U CAEPKaTh NI0OATLHOE MOTEMIEHHE Ha 3emiie,
yXyAILIEHUE OOIIeH HKOJIOTHMYECKON OOCTaHOBKH, CBS3aHHOE C BBHIOpOCOM B aTmocdepy
MaPHUKOBBIX I'a30B U JIPYTUX BPEIHBIX BEILIECTB.

OCHOBHAA YACTDH

[IpumeHsist COBpeMEHHBbIE TEXHOJIOTMH B JHEPreTUKE, MAKCUMAaJIbHO HCIIOJIb3Ys
HETPaJUIIMOHHbIE UCTOYHUKU 3HEPTUU, BO3MOXKHO COKpAILEHUE BPEAHBIX BHIOPOCOB B
atMocdepy. OcoOeHHO aKTyallbHOUM ATa TpobiemMa SBISETCS ISl TOTPEOUTENe MaIon
MoIIHOCTH (10 50 kBT), Takux Kak OOBEKTHI MPUIOPOKHOIO CEPBUCA, arpo-ycaabObl,
U JIpyrue OOBEKThl, OTIUYUTEIHLHOW YePTOM KOTOPBIX SBISETCS YJAICHHOCTh OT YXKe
CYLIECTBYIOIIMX JJIEKTPUUYECKUX U TEIUIOBBIX CETel, KOTOphIE Helesiecoo0pa3Ho
MPOKJIAABIBATh Ha OOJIBIIINE PACCTOSHUS U3-32 BHICOKUX MOTEPb.

JInist IpUHATHS PEUIeHUs MPH BBIOOPE M CHUHTE3€ TEHEPUPYIOUIEH YCTAaHOBKH IS
OIPENICIEHHOr0 MOTpeduTenss, TpeOyercs aHainu3 M ydeT OOJIBLIOro KOJMYECTBa
(bakTopoB, peleHHE OOJbIIOE KOJIMUYECTBO MH)KEHEPHBIX M SKOHOMMYECKUX BOIPOCOB.
HauOosnee cyiiecBeHHbIMHU, B MEPBYIO OYEPEllb, SIBJIAIOTCS BOIMPOCHI BBIOOpa Hauboiee
nesiecoodbpazHoro wuctoyHuka PI'D Uit MCHonp30BaHMsI B JaHHBIX YCJIOBHUSX, €O
MOIITHOCTH, apXUTEKTYPbl MUHUIHEPTrOKOMIUIEKCA, paciyeT 3(PPEKTUBHOCTH IPUMEHEHUUS
JAHHOTO THUIIA TEHEPUPYIOLIEH YCTaHBKH, ONpEAENICHHE BO3MOXKHBIX PEKUMOB pabOThI
JAHHOTO MUHUHEPTrOKOMILJIEKCa, 00ecrieueHre HaleKHOCTH paboThl YCTAaHOBKH.
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[IpakTHKa MOKa3bIBAET, YTO ABTOHOMHBIE YCTAHOBKH M3-3a CIIOKHOCTEM CUCTEMBI
yOpaBJIEHUS HE BCErla HAIEXKHBI, UYTO TpeOyeT pEelIeHUsI pa3Iu4HbIX MpodsIeM
TEXHUYECKOTO M TEOPETUYECKOIO XAPAKTEPa, TaK K€ JTOCTATOUYHO BBICOKHE CTOMMOCTHBIE
MOKA3aTENH ABIISIOTCS CACPKUBAIOMUM (PAKTOPOM HX ITHPOKOTO HEJIPSHHSI.

CerogHsi MOJHOCTHIO HEBO3MOYKHO OTKA3aTbCSl OT TPAJULUHUOHHBIX HCTOYHUKOB
HHEPTUHU, HO BO3MOKHO CHU3HUTH UX JOJIO B SHEPIeTHUECKOM OajaHCe MUpa.

Kak Obu10 OTMEUYEHO, ITPU MPOEKTUPOBAHUU U PACUETE CUCTEM BJIEKTPOCHAOKEHUS
c ycranoBkamu PI'D, HeoOXomuM ydeT MHOTHX (DaKTOPOB, 3aBUCAIIUX OT MeCTa
PACIIONIOKEHUST TOTPEOUTENs,, BO3MOXKHOTO HCMONb30BaHug Bujga BUD, ycnosuit
AKCIUTyaTaly MOTPEOUTENeH, YTO SBJISIETCS CJIOXKHOW 3amadyeil. B HacTosiiee Bpems
CYIIECTBYIOT MPOrPaMMHBIE MPOAYKTHI, MpPeIHAa3HAYCHHbIE JJIsi 00JIerdyeHus mpoliecca
MOJICTUPOBAHUS, aHAIN3a, MPOCKTUPOBAHUS PA3JIMUYHBIX, B TOM YHCJI€ U THOPUIHBIX
CUCTEM 3HeprooOecredeHusi (Kak aBTOHOMHBIX, TaK M palOOTaloOUX MapajuiesIbHO C
ceTpt0). Kak nmpumep, MoxHO mpuBectu nporpammHoe obecrieuenne HOMER Energy
Modeling Software [2], (perucrpanuio MOXHO TmpodTH Ha caite NASA B
COOTBETCTBYIOIIEM pa3jene). JlanHoe nmporpaMMHoe obecrieueHre npeicTaBiseT co0oi
WHCTPYMEHT JUIsl IPOSKTUPOBAHUS U aHAJIM3a CUCTEM dHeprooodecneuenus, [Iporpamma
ABTOMATUYECKN 3arpy»aeT WCXOJAHbIC JaHHbIE HA OCHOBAaHWM IIPEJICTABICHHBIX
CBEJICHUU U MECTOHAXOXJICHUU IUIAHUPYEMOI0 MUHUIHEPTOKOMILIEKCA, €0 MOITHOCTH,
XapaKTEpUCTHUK yCTaHOBOK PI'D u T. 1.

C moMomipl0 JAaHHOTO MPOrPaMMHOTO OOECTeueHUs BO3MOXKHO MOJIECIMPOBAHHE
Pa3TUYHBIX BAPHAHTOB CHCTEMBI AJIEKTPOCHAOKEHUS C Pa3IMIHBIMU ycTaHOBKaMu PI'D.

['paduk Harpy3ku aBTOHOMHOTO OOBEKTA, C YUYETOM PA3IUYHbBIX (PAKTOPOB, 33aE€TCS
B IIPOrpaMMHOI cpene. JlanHoe mporpamMmHoe oOecriedeHHe MO3BOJISIET MOIEIMPOBAThH
CUCTEMBI DJJIGKTPO- U TEIUIOCHAOXKEHMS, B COCTAaB KOTOPBIX BXOJAT TE€HEPATOPHI
Pa3JIMYHBIX TUIIOB, BETPSIHbIE TYPOUHBI, COTHEYHBIE MOJIYJIU, AKKYMYJISTOPHI, TOTLTUBHBIC
AJIEMEHTHI, THJIPOTE€HEPaTOPhl, OMOra30Bble YCTAHOBKH T. 1. MHpopMaius o nmapamerpax
JUId 3a1lanHoi MectHocTu B 3arpyskaercs ¢ 3eKTpOHHBIX 0a3 TaHHBIX.

Mecrononoxenue moaenupyeMoin yctanoBku PI'D, otMeueHo Ha pucyHke 1.

E30, Belarus { 53"59,6'N , 28°74'E) Resources
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SUGGESTIONS:

BELARUS

r search spacs
Model does not match results

Newer version of HOMER Pro available 3 007 00" 00,007 N 00* 00" 00,00° £ 100 km
<@ |G Homyal

Warsaw

Discount rate (%): 8,00
Inflation rate (%) 2,00

H’MER Annual capacity shortage (%): 0,00
[_Pro_]

Project lifetime (years) 2500

Pucynok 1 — I'ubpuanas renepupytomias ycTaHOBKa (COTHEUHbIC TTAHENH,
BETPOYCTaHOBKA, IU3€IIb-T€HEPATODP)
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JlaHHBIE TO COJIHEYHOW paguauuyd, B JaHHOM MECTHOCTH, IPUBEIACHBI Ha
PUCYHKE 2, CpeHssl CKOPOCTh BETpPA, B JAHHOW MECTHOCTH, NPUBEAECHA HA PUCYHKE 3.
Hekoropble pe3ynbTaThl MNPOBEACHHBIX pPACUETOB JJIsi ABTOHOMHOW THOPUAHOU
TFEHEPUPYIONIEH YCTAaHOBKH, BKJIIOYAIONICH COJIHEYHbIE MAHEIU, BETPOYCTAHOBKY U
JIN3EJb-TeHEPATOP MPEACTABICHbBI HA PUCYHKE 4 U 5.

Tl o e
X BN e & 1 @ L 0 7 &
=

toma | | Design || Results | Library | gojarGHI Solar DNI  Wind Temperature  Fuels  Hydrokinetic Hydre  Biomass

Calculate

S T SOLAR GHI RESOURCE
e |mw )
e —— Choose Data Source: @ Enter monthly averages () Import from a time series data file or the library
e
e | vess Lirany:
‘gj m‘ Monthly Average Solar Global Horizontal Iradiance (GHI) Data
Month | Clearness | Daily Radiation o] =
e Index (KWh/m?/day) Es 09
= 08
e Aneaps 0435 0,820 Z, =
= = S s Gespans 0498 1,670 = 06 2
P e e e ] Mapr 0435 2780 == % gj £
Newer version of HOMER Pro available Anpens 0450 3.7%0 S 2 o3 &
Maii 0458 4,840 = 02
Wrons 0432 4,960 o o
0+ T T T T T T T T T T T 0
Miciny DA, | 2880 & s & 5 3 £ < & & & & g
5 $ & $ & & s & 5
& & ¥ & ¥ &£ £ $ &£ & & &
Asrycr 0473 4,280 o & & < & &£ S &
Centabps 0425 2750
Downloaded at 09.10.2016 18:50:34 from: ~
Chcratpei | 0400 o0 NASA Surface and Solar
Homépe 0.280 0,820 Glebal horizontal radiation, monthly averaged values over 32 year period (July 1983 - June 2005).
CellNumber: 143208
Mexadps 0,390 0,580 CellDimensions: 1 degree x 1 degree
CellMidpointLatitude: 53.5
Annual Average (KWh/m?/day): 282 CellMidpointLongitude: 28.5
HeMER =

Pucynok 2 — /laHHbI€ 1O COTHEYHOM pagualvy s 3aJaHHOM MECTHOCTH
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Home | | Design | Results | LDMFY | colarGHI SolarDNI  Wind Temperature Fuels Hydrokinetic Hydro  Biomass

Calculate
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1555 Choose Data Source: © Enter monthly averages O Import from a time series data file or the library
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Monthly Average Wind Speed Data

e Average (m/ |~| £ 3 Downloaded at 13.10.2016 21:20:04 from:
il T2 NASA Surface metearology and Solar Energydatabase.
SUGGESTIONS: Anaps 4120 &3 Wind speed at 50m above the surface of the earth for
= - S | e terrain similar to airports, monthly averaged values over 10
mverter seard em insuffident Despans 3,860 =2 year period (July 1983 - June 1393}
Model does not match results o o 1 CellNumber: 143208
A ion of HOMER Pro available 4 § 0+ . = > : 5 - : , z - - CellDimensions: 1 degree x 1 degree
S e e Anpens 3,850 ] - " s - iy ° o s - - o o CellMidpointlatitude: 53.5
o Sy S S &£ & F ‘\\‘u’ x@* S S CellMidpointLongitude: 28.5
o - of & < S g AnemometerHeight: 50
= = e O e
Viors 3,430 3
Wrone 3,680 Parameters | Variation With Height | Advanced Parameters
Asryer 3,740
e [av Altitude above sea level (m): 0
Oxrabpe 3,970 Anemometer height (m): 50
Hospe 3,790
fexabps 3850 -
Annual Average (m/s): 2.84
" 2RO ) Scaled Annual Average (m/s): 384 (@)

Pucynox 3 — Cpenusist CKOpOCTh BeTpa 15l 3aJaHHONH MECTHOCTH
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System Architecture: | Generic flat plate PV (10 kW) System Canverter (5 kW) Tﬁ_m Ll
Generic 10 kW (1} Cyele Charging Levelized COE: 215p.
Operating Cost 312200 p.
Cost Summary Cash Flow | Electrical | Renewable Penetration  Generic Vanadium  Generic flat plate PV Generic 10 kW System Converter Emissions
Production kKWh/yr | % [ Consumption kW'I'n‘yrl % Quantity kWhiyr %
| Generic flat plate PV| 10214 5930 | AC Primary Load 7173 100,00 Excess Electricity 88751 515
Generic 10 kW Ta11 4070 DC Primary Load O 0.00 Unmet Electric Load 0.0 00
Total 17225 100,00 | Total 7173 100,00 Capacity Shortage 0,0 00
| Quantity Value
Renewable Fraction 1000
Max. Renew. Penetration 10 070,0
Monthly Average Electric Production
Py 2.5
G0
= 15
=y
1
0s
0
Ang den map anp mai wioH wron asr cen oxT noA aex
Repaort

Time Series:  Plot.  ScatterPlot. DeftaPlot.  Jablew;r | Expostiin

System Architecture: | Generic flat plate PV (5 kW) Autosize Genset (3,1 kW) Cycle Charging TREIIFE R
Generic 10 kKW (1) System Converter (5 kW) Levelized COE: 209p.
Operating Cost: 3 599,00 p.
System Converter Emissions
Cost Summary Cash Flow | Electrical | Fuel Summary Autosize Genset Renewable Penetration Generic Vanadium Generic flat plate PV Generic 10 kW
Production | KWh/yr | % Consumption ‘ IcWh.‘yr| % Quantity KWh/fyr | %
Generic flat plate PV| 5107 3898 AC Primary Load 7173 100,00 Excess Electricity 45759 349
Autosize Genset g8z 7.50 DC Primary Load 0 0,00 Unmet Electric Load 0.0 00
Generic 10 kW 7011 5352 Total 7173 10000 Capacity Shortage 0.0 00
Total 13100 100,00
Quantity Value
Renewable Fraction 86,3
Max. Renew. Penetration 100700
Monthly Average Electric Production
=% 2
HG10 15
B Auto
@ 1
4
05
0
AHE deE map anp mai WIHOH won &Er ceH oKT HOR AEK
| Report Time Series: | Plot.. | ScatterPlot..|| DeltaPlot.. | Tableq: = Expartii
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Pucynok 4 — CpenHeMecsYHOE MTPOU3BOACTBO 3JIEKTPOIHEPTUU:
a — COJIHEYHas MaHeNb ¥ BETPOYCTAaHOBKA; O — COJIHEYHAs TaHEeJ b, BETPOYCTAHOBKA, TN3€JIh TEHEPATOp
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FILE LOAD COMPOMENTS RESOURCES PROJECT SYSTEM HELP
i ra e
ﬁ‘&@iﬂ‘.ﬂ! DO PRk - + 0
=
=2 Design  Results  Library = Generator PV Wind Bamery Flywheel Converter Boiler Hydro Reformer Electrolyzer Hyﬁ g Hydrokinetic Grid  Thermal Load
Vi Turbine ‘Controllar Calculate
o

o %) Tabular Graphical
Export... Column Choices... Sensitivity Cases: Left Click on sensitivity case to see optimization cases.
Architecture Cost System Auto PV
| J-ES pr
aw izl M Yoo ¥ A““’v i ‘k\ihﬁv ¥ | Dispatch 7| OF ¥ “,:f v ~PE’1“;“C“‘V e o Y (; If'j';v Hours V| roduction 7| "1 ¥ capil Cont ¥ Producion ¥ Cop
[ ] .- ; Bﬁ ZI 15,0 3 1IJ 175 350 5[}0 cC '\52 p- 141 ?‘AOp ZﬁB}p 10615D p- 1571674 4*3 T 396 j 438 QOEIO 15321
« [0 »
Export... Optimization Cases: Left Double Click on simulation to examine details. #) Categorized Overall
Architecture Cost System Auto PV
PV = Auto -ESS V-ESS Col n»el‘er L\.E NPC Operating cost Initial cz:)t Elec Prod Fu
r PSS~ P @ G
VNE J S~ 1 4] MV [alRTe prss Sr o) v k\\.’h\? Y| Dispatch V7| 7 ) g 0] v i s (Whiye) V| Hours V| Production ¥ V| Capital Cost 7| Production V| Capi
= - ] Z| 15,0 3,10 175 350 5,00 cc '\52 p- 141240p. 2683 p. 106 550 p. 16716,74 473 1396 438 9000 15321
- - +] ZI 300 175 122 5,00 cc 1,70p. 157059p. 1977p. 131500 p. 3064187 18 000 30 642
- + - ] m 5,00 1 3,10 175 175 5,00 cc 209p. 193576p. 35%9p. 147050 p. 13100,09 346 982 3n 3 000 5107 500
- 4 - +] m 100 i 17,5 700 500 cc 215p. 199355p. 3122p. 159 000 p. 1722485 6000 10214 500

PI/ICYHOI( 5 — KomnonoBka MHUHUOHCPTOKOMIUICKCA 10 pE3yJibTaTaM pacd€TOB

3AKJIIOUEHUE

AHanu3 pe3ysIbTaTOB pacyeToB, KaK HMHQPOpMaLUs TEXHUUYECKOTO XapakTepa:
TpeOyeMOl MOUIHOCTH YCTAaHOBOK, KOJMYECTBA W BHUAA T'€HEPUPYIOUIUX YCTAHOBOK,
BBIPAOOTKH DJIEKTPOIHEPTUHM B PA3IMYHOE BpEMsl Trojla, BO3MOXKHas KOPPEKTUPOBKA
rpaduka Harpy3ku mOTpeOJIeHUs M BBIPAOOTKH DJIEKTPOIHEPTUU M T. /. MO3BOJISAET
BBISIBUTh HamOoJiee MPUEMJIEMbII BapUAHT T€HEPUPYIOIIEH YCTAaHOBKH ISl 3aJlaHHOMU
MECTHOCTH.
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