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Po3misiHyTO THUTaHHS €HEepPreTHY-
HOI e()EeKTUBHOCTI TEXHOJOTIH BH-
poOHuLTBa Oiorasy Ta piakux Oioma-
JUB TEpmoro mokodiHHg. OIiHeHO
PIBEHb CKOPOYCHHS BUKHIIB TMapHU-
KOBUX Ta3iB IMpH 3aMillleHHI Tpaau-
LIAHUX [TaJuB 010Macor0.

Paccmorpen Bompoc »HEpreTu-
yeckor A((HEKTUBHOCTH TEXHOIOTHIA
MPOW3BOJICTBA OHMOrasa H IKUIKUX
OuoToIUIMB TIepBOro TMokojeHus. Ore-
HEH YPOBEHb COKPAILICHUS BBIOPO-
COB TMApPHUKOBBIX Ta30B MpPHU 3amelie-
HUM TPAJUIMOHHBIX TOIUIMB OHMOMAcC-

The paper covers the issue of
energy efficiency of biogas production
and production of first generation liquid
biofuels. Assessment of GHG balance
when replacing fossil fuels by biomass
is performed.

COou.

bub6n. 8, Tabm. 6, puc. 1.
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aHasn3, KOA(QGUIMCHT BBIX0/Ia SJHEPTUH, OIICHKA KU3HECHHOTO [UKJIA, TAPHUKOBBIH ra3.

O, — TEIIOTBOPHAS CIIOCOOHOCTL OHO3TaHONIA;
BI' — Guoras;

BI'Y — 6uorasoBasi yCTaHOBKa;

III" — mapHUKOBBIN ras;

Inepeemuueckasn IQphexkmusnocmsp
npouzeo0cmeo duozaza

OueHka JKM3HEHHOIO LMKJA TEXHOJOTHH Mpo-
M3BOJICTBA OWOTaza BBINIOJHEHA B padore [1] s
ycnosuii ['epmanuu. PaccMorpeno mnomydenue Ouo-
raza M3 CHJIOCa KyKypy3bl C HOCJEIYIOIIUM Ipo-
W3BOJICTBOM DJJIEKTPUUYECKOW 3HEPruu JBUTATEIIEM
MoLIHOCTBIO 255 kBt . [l Tpex paiionoB Huwkuen
CakcoHuu npoaHAIU3UPOBAHO BIUSHUE MECTHBIX
YCIIOBUH, B MEPBYIO OUEpelb Ka4yecTBa IMOYBBI, KIIH-
MAaTHYECKUX YCIOBUM, NPUMEHSIEMON TEXHOJIOTHH
BBIpAIIMBAaHUS U, COOTBETCTBEHHO, YPOXaHHOCTHU
KyKypy3bl Ha JHEPreTHYECKHE MU HKOJOTHYECKHUE
Moka3arenn OuOora3oBbIX TexHoOJNOTUU. Jpyrum
BaXHBIM (PAKTOPOM, KOTOPBIN BIHSUI Ha PE3ysIbTa-
Thl UCCIIENIOBaHMSA, ObUIa IO TOJNE3HO YTHIIHU3H-
POBAHHON TEIJIOBOW HEPIHH, KOTOpas CUUTAIACh
MOOOYHBIM MPOIYKTOM paboThl BI'Y.

[IpoBeneHHbIE pacyeTsl MOKA3aJId, YTO SHEpre-
TH4ecKasg >PPEKTUBHOCTh HCCIEIOBAHHBIX TEXHO-
JIOTHM TPOW3BOACTBA OMOraza HaxXOAWTCA HA T'paHH
JIOMyCTUMBIX 3HaueHWi. Benmuunna koagduimenta
BbIxozia dHepruu EYC,, i BCEX pacCMOTPEHHBIX
BapUAHTOB KoJyieOneTcsi B paiioHe 2 (MEHbIIE pe-

OT — Oumep-Tponu;

TBO — TBepabIe OBITOBBIE OTXO/IBI;
3/3 — ANEKTPOIHEPTUS;

y.T. — YCIIOBHOE TOTUIHBO.

KOMEH/IyeMOI'0 3HayeHUs Il OMO’HEpPreTHUYeCKHUX
texHonoruif) (tabm. 1). Camblil BBHICOKHI TMOKa3a-
Tenb (2,2) moaydeH A OMOTa30BOM YCTAHOBKU B
Gottingen, rae 3aTpaTbl HEBO30OHOBISEMON SHEP-
MM Ha BBIpAIlMBAaHHME KYKypy3bl HauMEHBIIHE, a
JIOJIs TIOJNIE3HOM YTUIIM3AIMK TETUIOBOM SHEPruM Ha-
nOOIbIIAs.

Jns BI'Y, paOotaromux Ha KyKypyse, ycTa-
HOBJICHO, YTO M3 OOIIEro oobeMa MCKOMaeMOU 3Hep-
ruu "Ha Bxone" HaumOosbmas a0 (mo 70 %) Tpa-
TUTCS COOCTBEHHO Ha BBIPAIIMBAHUE KYKypPYy3bl.
Eme yvacte uckomaemoit sHepruu (no 30 %) pac-
XOJlyeTCsl Ha TPAHCIOPTUPOBKY OMOMAcChl K MECTY
XpaHeHHUs (CUJIOCHBIE Kararbl) M 3arpy3Ky B OHO-
peakTop (MPUHATOE B WCCIEAOBAHWU CpPEIHEE pac-
crosiHue nepeBo3ku — 20 km). CoOCTBEHHBIE HYX-
Jbl OMOra30BBIX YCTAHOBOK (RJIEKTPOIHEPrUsi Ha
NPUBOJ MEIIAJIOK, HACOCOB M T.JI., a TaKXkKe TEIUIO-
Basi SHEPTUs Ui 000rpeBa OMOPEAKTOPOB) OOBIYHO B
MOJTHOM Mepe 00ecredyrBaroTCs 3a CUeT 4acTh SHep-
UM TpousBonuMoro oOworaza (mo 15...25 %). Drta
uH(pOpMaIrs MOXXET ObITh TOJE3HOM MPHU ONTUMH3A-
K SHepro3arpar «Ha Bxome» bI'Y mst obecnieuenus
Oosee BHICOKOTO KO3 (PUIIMEHTA BBIXOIA SHEPTHH.
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Tabun. 1. XapakTepuCTUKH UCCIENYEMbIX BAPUAHTOB MPOU3BOJICTBA AIEKTPOIHEPTUU U3 Ouorasa [1]

TMokasarem Bapuanr [ Bapmuanr 11 Bapmuanr 111
(paiion Gottingen) | (paiion Celle) | (paiion Hildesheim)

[Torpebnenue UCKOMaeMbIX TOTUIUB Ha 58 89 6.2
BBIPAILIMBAHUE KYKYPY3bl, KT Y.T./T cujioca ’ ’ ’
HOTp§6J'ICHI/IC 3/3 Ha CO?CTBCHHI)IG HYKIIbI 70 70 70
BI'Y, % npousBeneHHo 3/3
[Torpebnenue TEIOBOM YHEPTUU HA
coOcTBeHHbIC HYX1bI BI'Y, kBT uac/m? 0,256 0,256 0,256
ouorasza
I[Oj'IH MOJIC3HO YTUIIM3UPOBAHHOM TETLIO- 60 % 30 % 40 %
BOI SHEprun

EYC * 2,2 1,84 2,1

* [lepecuem asmopog no oanHvim pabomot [1].

Tabmn. 2. XapakTepucTUKH OMOTa30BbIX YCTAHOBOK, PA0OTAIOIINX HA PA3HBIX BUIIAX CHIPHS [2]

3arpathl SHEPrUM «HA BXoae», [ Jx/cyx. T
Conepsxanue HocraBka
Breixon BI' -
Bun ceipbs Cyxoro % /CI[ <. T IToaroroBka Tpancnopu COpOXKEHHOTO EY CNR
% yX. pOBKa CBIpbs
BCIICCTRA, CBIpbs OoCTaTKa Ha
(15 xm)
TIOJISt
Koposuii HaBo3 8 6,2 0 0,19 0,15 2,6
CBuHOHI HaBO3 8 7 0 0,19 0,15 3,0
Kupossie ocaaku 4 22 0 1,2 0,24 6,2
DHEPreTH4ecKue 23 10,6 1,9 0,07 0,24 2.4
KYJIBTYPbI
Opranunueckas 4yacTh
TEO 30 12,4 0,8 0,24 0,24 3,6
OT1Xx01BI CKOTOOOMHU 17 9.4 0 0,14 0,24 3,6
botsa caxapHoi 19 10,6 0,54 0,09 0,24 3,5
CBCKJIBI
Conoma 82 7,1 0,28 0,05 0,24 2,7

MoXHO OXuaarh, 4TO IJIsi OMOTA30BBIX YCTa-
HOBOK EY CNR OyzeT BbIIIE 2 JUIS CITy4aeB WCIIONb-
30BaHUsl B Kau€CTBE ChIpbs OOJBIICH JOJIU OTXO-
JIOB CEJBCKOTO XO3SHCTBA WJIM JIPYTHUX BUIOB OT-
XOZIOB. DTOT BBIBOJI TIOATBEPKIAAETCS JAaHHBIMUA WC-
cienoBanus [2], rae OblIa paccCMOTpEHa SHEPIeTH-
yeckas 3¢ ¢pextuBHocTh BI'Y, paboratonmx Ha pas-
HBIX BHJAax CbIpbsA s ycinoBud llIBennu. Haum-
myqmmi pesynsrar (EYC,, = 6,2) nomyden s
cilydasl MPOM3BOJICTBA OMOrasa M3 >KMpPOBBIX OCajl-

KoB (Tabmuua 2). OToMy BHIY CBIPbSI COOTBETCT-
ByeT HAWBBICIIUN YAENbHBIM BBIXOJ Ouoraza —
22 TJlx/cyX. T U HyJIEeBbIE 3aTpaTbl Ha MOJITOTOBKY
ouomaccel. Camblii HU3KHA KOI(PPUIIMEHT BBIXOJA
sHEprud (2,4) MPUXOTUTCS HA DHEPTETHUECKUE KYIIb-
TYpbl KaK ChIpbe I HONy4deHHs Ouorasza. JTOT Ba-
pPHaHT UMEET HauOOJbIINE 3aTpaThl SHEPITUU Ha MOJ-
TOTOBKY CBIPbSI, MTOCKOJIbKY BKJIIOYAET ATAIl BbI-
pammBaHus KyJAbTYp, M CPEIHHUN BBIXOZ Omoraza —
10,6 I'JIx/cyx. T.
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Inepzemuueckan Ighpexmuenocmeo
npou3e00cmea 6uoIManoaa u Ouoousens

OOBIYHO MHOTO CIIOPOB BBI3BIBAET BOIPOC Lie-
71€c000pa3HOCTH MPOU3BOJACTBA OMOTOIUIMB MEp-
BOIO MOKOJIEHMs, B YACTHOCTH OMosrTaHona. Pac-
CMOTPUM HECKOJIBKO BECOMBIX HCCIIEIOBAHUM, IO-
CBSILLIEHHBIX 3TOMY BOIIPOCY.

B paGote [3] olleHEHO SHEpreTHYECKy 3(-
(EKTHBHOCTh pa3lIUYHBIX TEXHOJOTUH MPOU3BOJ-
cTBa OnosTanona (misa ycnoBuid @panrmn). [Ipo-
aHAJIM3UPOBAHO TpHU ciyyas: | — mpous3BOACTBO
OMOATaHONIA U3 CaxapHOW CBEKJIbl C MOOOYHBIM
npoaykrom — Oapnoii, 11 — mpousBoacTBo OMo03-
TaHOJIa U3 CaXapHOM CBEKIIBI C CaXxapoM Kak «I10-
60ounbM» nipoaykToM, III — mpousBoacTBO OMO3-
TaHOJIa U3 3€pHA MIIECHUIIbl C MOOOYHBIM IMPOIYK-
TOM — CYXOW JpOOMHOM C pacTBOPUMBIMH Bellle-
crBaMu. {1 Kaxaoro ciydasi ObUIM paccMoTpe-
Hbl HECKOJIbKO BapUMaHTOB paclpeiesieHus 3aTpa-
YEHHOU SHepruu (T.e. JHEPTUM «Ha BXOZAE») MEXK-
Iy OCHOBHBIM M MOOOYHBIMU MPOAYKTAMHU TMPO-
M3BOJCTBA: M0 MX Macce, 0 COJAEPKaHUIO IHEP-
T'MH, 10 PBIHOYHOW CTOMMOCTH, 110 SHEPrUH, He-
00XOAMMOM A1 TMPOU3BOJCTBA 3aMEHHUTENS IIO-

00yHOTO TpOAYyKTa (HEprHsi «3amemieHus»). Ha
CerofHsl HE CYIIECTBYeT €IMHOTO MHEHHUS CIie-
[IUAJIICTOB OTHOCHUTEILHO TOTO, KaKOM METOJ
pacrpe/ielieHs] SHepro3arpar SIBISETCS HauIyd-
muM. Ho dgame Bcero mpuMEHSIIOT METOJ pac-
MIpe/IeJICHHs] IO MAcCE KOHEYHBIX MPOIYKTOB.

Pe3ynbrarel pacuera Mokas3bIBalOT, YTO KOI(-
¢uument Beixoma suepruu EYC,, CyIIECTBEHHO
OTIIMYAETCS NIl Pa3IMYHBIX TEXHOJOTHM TMOIIy-
YyeHHs OMOAdTaHOJIa M 3aBHCHUT TaK)KE OT crocoda
pacrpeieNieHus] «BXOASAIINX» JHEPro3arpar mo Ko-
HEYHBIM MIPOAYKTaM (Tabmuna 3).

[Ipu mpowusBoacTBE OMOTOIUIMBA M3 CaxapHOU
CBEKJIBI JJIi BCEX PACCMOTPEHHBIX BapHAHTOB
EYC,, < 2, a ipu METOaX PaclpesIe/iCHus SHep-
rozarpar He MO Macce€ KOHEYHBIX MPOIYKTOB —
naxe < 1. DT0 CBUACTENBCTBYET 00 oueHb HU3KOU
9Hepeemuueckol d¢p@exmusHocmu noayyeHus
buosmanona unu 80obue 006 ee OMCymcmeuu.
EMMHCTBEHHBIN TOJ0XKUTEIbHBIA PE3YJIbTaT JACT
BapHaHT MPOM3BOJICTBA OMOTOIUIMBA W3 TIIICHU-
Il C pachlpeqereHueM «BXOISAIINX» IHEProsar-
par Mo Macce KOHEYHBIX MPOIYKTOB — OMOATaHO-
Ja ¥ cyxoi npobunsl. B aTtom ciydae xoaddu-

Tabmn. 3. DHepretuueckas 3pPEeKTUBHOCTb TEXHOJIOTHI MPOU3BOICTBA OMO3TaHONA [3]

B . o buosranon u3
MOATAHOJI U3 CaXapHOM CBEKIIbI
MMIIICHUIIBI
Mertoa pacnipeneneHus dHEpPro3arpar BapuaHt
110 KOHEYHBIM IIPOYKTaM Bapuant | 50 %1/50 % II Bapuant II | Bapuant III
EYC,, EYC,, EYC,, EYC,,
be3 pacnipenenenus — Bce OTHECEHO 1,42 0,54 0.33 0.83
Ha OMOATaHONI
ITo macce* 1,59 1,28 1,02 2,23
ITo copepkaHuro SHEPTUU 1,51 1,13 0,89 1,52
[To ppIHOYHOM CTOMMOCTH 1,47 1,22 0,98 1,77
[To sHeprum, HEOOXOMUMOM /ISt
MPOM3BO/ICTBA 3aMEHUTES 1,48 1,12 0,88 0,96
MOOOYHOTO MPOAYKTA

* Haubonee pacnpocmpanénHulil 6apuanm pacnpeoenenus dHepeo3ampan.

** Bapuanmul npouzeoocmea buosmanona: I — uz caxapuoii ceexuvl ¢ 6apooi Kak NOOOYHbLIM NPOOYK-
mowm, Il — uz caxapHoti ceexiibl ¢ caxapom Kak «noOouUHbIM» npodykmom, 11l — uz 3eprna nuwenuywl ¢ cyxot
OPOOUHOLL C PACMBOPUMBIMU BEULECMBAMU KAK NOOOUHBIM NPOOYKIMOM.
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LIHUEHT BbIXO/a 3HEeprun EY CNR > 2, 4TO YJIOBJET-
BOpS€T MHMHHMMAJIbHBIM TpeOOBaHUSM IO 3HEp-
reTUIeCKOl I(PPEKTUBHOCTH OMOIHEPTETUIECKHIX
TEXHOJIOTHUM.

[IpeacTaBnsieT 3HAUUTENbHBIA HHTEPEC HC-
cienoBaHue [4], B KOTOPOM IPOBENEH AETAJIbHBIN
aHaJIM3 TIOJIHOM SHEPrOEMKOCTH IPOU3BOJCTBA
OuosTaHoNa M OWOIM3eNss MO CYIIECTBYIOUIUM
TEXHOJIOTUSM Ui yCJIOBHM YKpauHbl. Paccmor-
pPEHbl BapHAHThI MOJIYYEHUS OMOATaHONA U3 O3U-
MO MIIIEHUIIBI, SPOBOTO SIUMEHS M CaxapHOU CBe-
KJIbl. Pe3ynbraThl OLEHKM MOKa3bIBAIOT, YTO IMpPHU
UCIIOJIb30BAHUU TEXHOJOTUU BAKYYMHOM pEKTH-
(duKanuu, dHEpPro3aTparsl Ha MPOU3BOJCTBO OHO-
9TaHOJA M3 BCEX PACCMOTPEHHBIX BHJIOB CHIPbS
MPaKTUYECKU PaBHBI SHEProCOJAEPKAHUIO TOJY-
yennoro ouororumea (EYC, , = 1) (tabn. 4). Ilpn
UCIIOJB30BAHUN K€ TEXHOJOTMH aTMOC(epHOM
pexTu(dUKalK, 3aTpaThl YHEPrUUM Ha IPOU3BOJ-
CTBO OMOATaHONIA TPEBBIIIAIOT €r0 SHEProcoaep-
Kanue (EYC,, <1).

Takum oOpa3om, aBTopbl [4] nenarT BBIBO/,
YTO OaHHOEe HanpasieHue NoaAy4eHus Ouomon-
JIUBA HEb3sl CUUMAMb IHEPIeMUYecKU Yeaecooo-
pasuvim. OHO MOXET MMETh TOJIbKO JIOKaJbHOE
3HaUYE€HUE B CiTy4ae, KOrJa ChIpbe ISl MPOU3BOJ-
cTBa OMO3TaHONA SIBISIETCS OTXOAOM, MOAJIEXKa-
UM yTWIM3ALUU WM yHUYTOXKeHuto. Mnu npy-
TMMHU CJIOBaMHM, KOTJIa 3aTpaThl PHEPTUM Ha TpPaHC-
MOPTUPOBKY M MOJATOTOBKY ChIPbSi HE3HAYUTEIb-
HbI U He TpeBbIaioT 4...5 MJx/1.

OTHOCUTENBHO OWOAM3ENBHOIO TOIJIMBA B
uccienoBanuu [4] paccmarpuBaeTcsl cllydad €ro
NPOU3BOJICTBA W3 PAINCOBOIO Macjia MyTeM Iie-
pearepudUKalMi Macia METHJIOBBIM CIHPTOM.
OreHeHo, YTO TOJNHAs HEPrOeMKOCTh MPOM3BOI-
cTBa OmorommBa cocrasiseT 23,5...29,3 MJDx/kr.
Hcxons w3 »sHEpPreTmdeckoil eMKOCTH OHomu3ens
40 M/Ix/Kr, 3TH TIOKa3aTeld COOTBETCTBYIOT KOA(-
¢uimenty Bbxoma sHeprun EYC, = 1,36...1,70.
ABTOpHI [4] OTMEYAIOT, YTO C y4YETOM JHEPIETH-
YECKOTO0 SKBHMBAJICHTa (DaKTOpPOB, BBI3ZBAHHBIX (PU-
3UYECKUM TPYAOM JIIOIeH, amopTu3anuen 000-
PYIOBaHHS M COOPYKEHHH, (PMHAHCOBBIMH H JIPY-
UMM 3aTpaTamu, IMOJIHAsS YHEPrOEMKOCTh MPOU3-
BOJICTBA OMOIM3ENsl M3 PANCOBOTO Maciia COCTa-
sut 40...50 M/Ix/kr (EYC,, = 0,8...1,0). 310 03-
HAYaeT, 4TO MPOU3800CMB0 OUOOU3ENT MAKJICE S6-
Jsemcs HeyenecooOPasHbiM C IHepP2emuyecKo
MOYKU 3PEHUSL.

IKonozuueckuii aHanu3

CHmkeHre BBIOPOCOB MAPHUKOBBIX T'a30B SIB-
JgeTCI OAHMM M3 HanOoJjiee BECOMBIX ITOKa3are-
Jell TpHU OIEHKE BIUSHUS OWOIHEPTETUUYECKUX
TEXHOJIOTHUM Ha OKpyXarmyrw cpeay. M xots
onomacca cuuraerca CO,-HEWTpPaIbHBIM TOILIH-
BOM, TIpH OIEpaIUsIX €€ 3aroTOBKH, CKJIaTUPOBa-
HUS, TPAHCIIOPTUPOBKH, MPEABAPUTEIHHOM 00pa-
OOTKM M WCMOJIb30BAaHUS TPOUCXOIUT TOTpedIie-
HUE DPHEPTrUU MCKOTIAeMOTO TOIUIMBA, YTO B CBOIO
o4yepeib MPUBOAWT K BBIOpOCAM TMapHUKOBBIX ra-
30B. OCHOBHBIMHU TAPHUKOBBIMU Ta3aMH, BBIOPO-

Tabm. 4. DHEpreTHUECKUE MOKa3aTeu TEXHOJIOTUIA MTPOU3BOJICTBA OrodTaHoNA [4]

[TonHble sHEpro3arparsr®, M/Jx/n Kosdpdumuent Boixona sneprun EYC,
Cripbe AtmocdepHast BakyymHas Atmochepnas Bakyymnas
pextuduxanms pexTuduUKarus pexTuduKarms pexTudukanus

CED I CED 2 0,,/CED 1 Q,,/ CED 2
O3umas nieHuIa 28,58 22,88 0,8 1,0
SApbiit sUMEeHb 25,58 19,88 0,9 1,1
Kyxkypy3sa 27,39 21,69 0,8 1,0
CaxapHas cBekJja 29,7 24,3 0,8 0,9

* Vumenul 6ce mexnonocuueckue (gpusuuecxkue) sampamol. He yumenvl snepeozampamol, Cé13anHble C
pabomoii nooetl, amopmu3zayueti 000pyO008anus u m.n.
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Chl KOTOPBIX MMEIOT MECTO TpHU padoTe 3HEpre-
TUYECKUX CHUCTEM SBJISIOTCA TUOKCHJ YyIjlepoja
(CO,), meran (CH,) u 3akuck azora (N,O). Bemn-
YHHA BBIOPOCOB BCEX IMAPHHUKOBBIX T'a30B MPHUBO-
JUTCSl K SKBUBAJICHTHOMY MOKA3aTet0 BHIOPOCOB
CO, 4epes COOTBETCTBYIOIIUE KOO PHUIMEHTEI.
Hwxke paccMoTpuMm BEIMYMHY COKpAILICHUS
BBIOPOCOB MAapHUKOBBIX Ta30B JJIsl Pa3IMYHBIX
OMOPHEPTeTUYECKUX TEXHOJIOTHI MO CPaBHEHHIO
C YCTaHOBKaMHU Ha MCKOMAEMBbIX TOILJIMBAxX, U CO-
OTBETCTBYET JIM OHa TpeboBaHUSIM J[MPEKTHUBHI
2009/28/EC [6]. HarmtomMmHHM, 9TO COIJIacCHO 3TOM
JIMpeKTHBe, CHUXCHHE BBIOPOCOB TMAPHUKOBBIX
ra3oB IMpU BHEIPEHUHM TEXHOJOTUW BO30OHOBIIS-
€MO SHEPreTHKH JOJKHO ObITh He MeHee 35 %
M0 CPAaBHEHHUIO C AHAJIOTMYHBIM HCIOJIh30BAHUEM
uckornaembix tormmB. C 01.01.2017 muHuMaIb-

Hoe TpeOoBaHue yBennuuBaetrca 10 50 %, a ¢
01.01.2018 — no 60 % nyist yCTaHOBOK, BBEJICH-
HBIX B 9KkcIuryatanuto ¢ 01.01.2017.

B Tabnuue 5 mpeacraBieHbl pe3ysibTaThl UC-
cieoBaHus [7], MPOBEAECHHOTO B pamMKax 3aaayu
38 MexyHapoIHOTO JDHEPreTUueckoro ATeHT-
CTBa, COOCTBEHHBIC pE3yJbTaThl aBTOPOB W JaH-
HBbI€ [0 TUIHYHBIM BBIOpOCAM MAPHUKOBBIX Ta-
30B TpU MPOHU3BOJCTBE OMOTOIUIMB cOriacHO Jlu-
pektuse 2009/28/EC.

W3 nanHbBIX TaOnuibl BUAHO, YTO BCE YCTa-
HOBKM Ha TBepAol Ouomacce M OOJBIIUHCTBO
YCTAaHOBOK Ha OMOrase COOTBETCTBYIOT TEKYILIUM
u Oynymmm tpeboBanusM Jupexktussr 2009/28/
EC — cokpamierne BHIOPOCOB MAPHUKOBBIX Ta3oB,
oOyclioBIeHHOE UX paboToii, cocTaBisieT > 60 %.

Uro kacaeTcst KUAKHUX MOTOPHBIX OHOTOILIMB,

Tabn. 5. YaenbHble BIOPOCHI MAPHUKOBBIX Ia30B ISl PA3IMYHBIX TEXHOJIOTUI MPOU3BOJICTBA SHEPTUU

13 OMOMAacChl

Buaer rexgonoruit YHGHBHB}GHIE BIOpOCEHI Coxkpamenne Beiopocos I1I°
IIpouzeoocmeo mennosoii snepeuu rCO,, /kBry rCO, /kBry %
Koten na orxonax npesecunsl (150 kBt ) [7] 52 327 86 %"
Koren na muckanryce (70 kBr) [7] 101 295 75 %Y
Koren na npesecnoii merne (500 kBt)? 39 185 83 %
Koren Ha apeBecHOU 1IETE U3 YHEPreTUYECKOU 0
BepOsI (300 kBT)Y 39 185 83 %
Koren Ha Trokax coiaomsr (500 kBT)* 14 211 94 %
Koten Ha rpanynax u3 ngpesecunsl (100 kBt)? 33 194 85 %
Koten Ha rpanynax u3 comomsr (100 kBT)? 60 165 72 %
Ilpouzeoocmeo anekmposnepeuu rCO,, /xkBry, rCO, /kBry, %
TOC na npesecHoit mene (2 MBr ) 213 909 81 %
TOC na Tr0Kax conomsl (2 MBT )" 217 905 80 %
TOC na Tr0Kax conomsl (25 MBT)) [8]” 1789 HET JaHHBIX 65 %
TOC na orxonax apesecunsl (30 MBr)) [7] 71 950 93 %?
TOC 500 MBT,: COBMECTHOE CIKMI'aHHE 128 381 87
OTXOJIOB JIPEBECHHBI C YIIIEM [7]

ISSN 0204-3602. IMpom. TennotexHuka, 2015, m. 37, Ne1 57



HETPAOVULUMNOHHAA SHEPITETUKA

CoemecmHoe npouzeo0cmeo menioeoll
P ¢ rCO. /kBru rCO, /kBru %
U dNIeKMpu4ecKkou SHepeulU 2-oKB o6 2-5KB 0.

BI'Y ¢ coBMecTHBIM cOpakKMBaHHEM HaBO3a
U CIJIOCa KYKYpy3bl (TOIOBOE MPOU3BOJCTBO 3/3 266 207 56 %"*
4 T'B1-4, TermoBoii auepruu 7,2 ['Bt-u) [7]

TOII na gpesecuoit mene (2 MBt +10 MBrT )" 35 152 81 %
TOII na Tiokax cosnomsl (2 MBt +10 MBT, ) 37 150 80 %
Momopnvre 6uomonnuea [1]” r CO,, /M]lx
buoras u3 HaBo3a® 12...13 84...86 %
buoras ¢ noiuronos THO® 17 80 %
buomonnusa I nokonenus
brosTaHoi u3 caxapHOU CBEKJIBI 33 61 %
buosTanon u3 nieHuIb! 57 32 %
buostanon u3 Kykypy3bl 37 56 %
buonuzens u3 pamnca 46 45 %

111r CO,, /xm 80r CO_ _/km 58 %9

buoauzens u3 parca [7]
1571 CO, _/km 34r CO,  /xm 18 %"

buoauzens U3 moacoIHEUHNKA 35 58 %

buoguzens u3 con 50 40 %
buomonnusa Il nokonenus

buosTanon U3 coJIoMbI MIIEHUITBI 11 87 %

buosTaHon u3 1peBeCHBIX OTXOA0B 17 80 %

bunomnzens ®T 4...6 93...95%

1) Ilo cpasnenuto ¢ Mazymuwvim KOMIOM.

2) Ilo cpasHenuto ¢ y2onvHoOU 21eKmpoOCmanyuell.

3) Ilo cpasnenuio c easosou TIL].

4) Pe3ynomamul agmopos 0Jisl ycao8uil Ykpaurul (paccmosuue mpancnopmuposku ouomaccot — 50 km).
CpasHeHnue ¢ 6apuaHmom CHCUeanus nPUpPoOHo20 2a3d.

5) Tunuunvie 3nauenus coenacro Ilpunoscenuio 5 Jupexmueor 2009/28/EC [6].

6) Ilob6ounblii npoOyKm nuyepur UCNoIb3yemcs 6 Kayecmae Mamepuana 8 Nuweeou Ui hapmayesmu-
YecKol NPOMbIULIEHOCU.

7) Ilo60ynbIti npoOyKm 2nuyepun UCHOIb3Yemcs KaK MONIUso.

8) B suoe coicamozo memana.

9) [lanHule 015 Cuyuas yposcatiHocmu 3epHO8bIX Kynbmyp nopsoxa 7 cyx. m/ea. CpasHenue ¢ 6apuanmom
CofCUSAHUSL NPUPOOHO20 2A3a.

10) Ilepecuem aemopos no 0anHviM coomeemcmeayioujell pabomai.
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TO OOJBIIMHCTBO MOKazaTtened Oumoausens u Ouo-
JTaHOJIa TEPBOTO TMOKOJCHHUS YIOBIETBOPSIIOT Te-
kymuM TtpeboBanmsim Jupextussr 2009/28/EC,
HEKOTOpPbIE YIOBJIETBOPSIOT TPEOOBAHUIO, KOTOPOE
BcTynuT B cuity ¢ 2017 roga (mun. 50 %), u npak-
TUYECKH BCE IIOKA3aTeIN BBIXOMAT 3a Mpelesbl
TpeOoBaHus1, KOoTopoe OyaeT npumeHsTbes ¢ 2018
roga (muH. 60 %). Jlns OMOTOIIIMB BTOPOTO TO-
KOJICHUSI Pe3yJIbTaThl HAMHOTO JIy4Ille — COKpa-
IIEHWE DMHUCCHUU TApPHUKOBBIX Ta30B COCTaBJISET
80...95 %. Xopolue mokaszareid UMEET TaKxke
6uora3 kak MOTOpHOE TOIuIMBO — 6ostee 80 %.

DT pe3yNbTaThl XOPOILO COMNACYIOTCS C JaH-
HBIMU JPYTUX aBTOPOB, COOpPAHHBIMU U TPEICTaB-
JIeHHbIMU B uccienoBanuu [7]. Ilpu mpousBoa-
CTBE DHEPrud M3 OMOMACCHl CHIDKEHHE BBIOPO-
COB MapHUKOBBIX Ta3oB cocrasiser 70...90 % mno
CPaBHEHMIO C HHEProyCTaHOBKaAMU Ha HCKOIae-
MBIX TOIUTHBAX. [Ipy MprMEHEHHH MOTOPHBIX OHO-
TOIUTMB TIEPBOTO TOKOJICHUS COKpAIllEHUE SMHC-
cun III' He3HauutenbHOe. Hawnmydmme mokasa-
TEIM HMEIOT OMO3TaHONI M OMOIU3eNb BTOPOTO
MOKOJICHUSI — JJII HUX YMEHBIIEHHE BBIOPOCOB
III' moxxer mocturarsk O6onee 90 %. JlocraTtouno
XOpOUINI MOKa3areiab COOTBETCTBYET TaKKe CITy-
yal MpUMEHEHHs Ouora3za B KauyecTBE MOTOp-
HOT'O TOIUIMBA — B CPEHEM OKOJIO 65 %o.

Bhuanue paccmoanusa mpancnopmupogxku na
IHepzemuuecKue U IKo102uiecKue nokaamenu
OuoInepzemuyeckux mexHonNo2uil

Kak Obut0 OoTME4YeHO paHee, OAHUM M3 Iapa-
METpPOB, CYHICCTBEHHO BIHSIOIINX Ha DHEPreTH-
4eckyro 3¢ (GEeKTUBHOCTh BHEAPECHHS OHOIHEp-
TeTUYECKUX TEXHOJIOTUH, SBISIETCS PACCTOSHHE
TPaHCIOPTUPOBKH OMOMAcChl K MECTy ee oOpa-
OO0TKH, KOHEYHOI'O TOTPEOJIEHUS U T.II.

CommacHo maHHBIM paboThl [S], Ui coxpaHe-
HUSl BHepreTuueckoll 3¢ddexTuBHOCTH OMO3HEpre-
THYECKOW YCTaHOBKM Ha MHHHUMAJIBHO HEOOXOIu-
MoM ypoBHe (EYC,, > 2) IpEeBECHYIO IUEIy MOK-
HO nepeBo3uTh Ha pacctosgHue a0 200...300 km,
a JIpeBECHbIE T'paHyJbl MPAKTUYECKU HE HMEIOT
OTPaHUYEHHUS 110 PACCTOSHUIO TPAHCIIOPTUPOBKH.
Ecnu xe sHeproycraHoBka Ha rpaHynax JOJDK-
Ha COOTBETCTBOBATh KPUTEPUIO BBICOKOM 3Hepre-
THIeCcKoi sdpdexrusnoctu (EYC,, > 5), T0 pac-

CTOSIHHE TIEPEBO3KH OTPAHHUYUBACTCS PaJNYCOM
nopsiaka 1200 k.

Jlns momydenus: Oonee neTanbHON mH(pOpMa-
UM aBTOPBI WCCIICAOBAIH BIUSHHUE PACCTOSHUS
TPAHCIIOPTHUPOBKH OMOMAacCChI/OMOTOIIIINBA HA KO-
>hduumnent Beixoma sueprum EYC, . nns ycio-
BUW YKpanHbl. Pe3ynbrarsl pacyeToB Il THUIIMY-
HBIX YCTAHOBOK MOKAa3ajH, YTO TIOKOBAaHHYIO CO-
JIOMY, JIPEBECHYIO ILEMY U IpaHylsbl U3 OMOMAacChl
MOXKHO II€peBO3UTH Ha paccrossHue 10 300 kM ¢
COXpaHEHHUEM JIOCTATOYHO BBICOKOTO KO3 UIu-
eHT BbIxoaa suepruu (EYC, , > 2) (puc. 1).

[IpenenbHbIe 3HAYEHUST PACCTOSHUS TEPEBO3-
Ky, coorBerctBytommne EYC,, = 1, EYC,, =2 n
EYt CNR = 5, npencTaBieHsl B Tabmuie 6. Ecimu ko-
3(pPUIMEHT BBIXOAA SHEPrUM paBeH 1, 3TO O3Ha-
YaeT, 4TO pacxojbl (HEBO3OOHOBISIEMOM) SHEPTUH,
HEOoOXOUMBIE ISl CO3JIaHUsI M OOecTieueHusl pa-
00Thl OMO’HEPreTHUYECKON YCTaHOBKH, SKBHUBA-
JICHTHBl JHEPrUM, IOJYYCHHOW «HA BBIXOJEH.
EYCNR = 2 COOTBETCTBYE€T MUHHMAJIbHO JOITyC-
TUMOM 3HepreTHYecKkoil 3PpPeKTuBHOCTU PabOTHI
ycranoBku, a EYC,, = 5 u OOJbIIE€ COOTBETCT-
ByeT HanOoJiee PEKOMEHIAYEMbIM 3HAYCHHSIM (T10
JIAHHBIM PaboTHI [5]).

Jns Bapuanta paboThl OMO’HEPreTUUECKOU
yctaHoBku (kpome TOC) Ha ypoBHE 3HEProd3d-
(EKTUBHOCTH HE HIDKE MHUHUMAJIBHO PEKOMEH-
nosanHoro (EYC,, > 2) pacCTOSHUE NEPEBO3KU
OMOTOIUIMBA MOXET OBITH JOBOJILBHO OOJIBIINM —
500...1000 kM B 3aBHCHMOCTH OT BHAa OHMOTOI-
JUBa U TUMA ycTaHOBKU. Ecnm ke HeoOXoammo
obecrnieyuTh 0o0Jiee BBHICOKHI YpOBEHBb 3HEProd(-
¢exrusroctu (EYC,, > 5), TO pacCTOsHUE TPaAHC-
MOPTUPOBKM cieayeTr orpannuuth g0 100...200
KM, @ B HEKOTOPBIX CIy4asX — M JI0 MHHHMAJIb-
HOro 3HavyeHus. Crenyer OTMETUTh, YTO CJHEJaH-
HbI€ BBIBOABI HOCAT OOIIMN XapakTep, a B Kak-
JIOM KOHKPETHOM Cllydyae HEOOXOAMMO BBITIOJ-
HSTH JICTABHBIC PAcUeThl C THIATCIBHBIM YyYe-
TOM MECTHBIX 0COOCHHOCTEH.

Buiteoowt

Buenpenue TexHONOrui MpPOU3BOJCTBA JHEP-
ruu U3 OMOMAaCCHI TIPeyIaraeT IMUPOKUE BO3MOXK-
HOCTU [IJIi 3aMEIIEHUsS MCKOMAaeMbIX TOILIUB.
Onpenenenne 1eaecO00Pa3HOCTH U MPUOPUTET-
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Paccrosnue TPAHCIOPTHPOBKH OMOTOIINIMBA, KM

==®==Koten na conome (500 kBT)
Koten na npeeecnoii mene (500 kB)

T3 na Tokax conombl (ZMBT1,,+10 MBry)

== Koren na rpanyiax u3 comomsl (100 kBr)
=>¢=Koren Ha apesecHbix rpanyiax (100 kBt)

TOL na apepecnoii wene (ZMB1,;+10 MBTy)

Puc. 1. 3agucumocms Ko3gppuyuenma évixooa Inepzuu om paccmoaHus
mMPpanHcnopmupoeKu Guomonuea.

HOCTH BHEJPEHUS ONpPEAEICHHBIX TEXHOJIOTUH B
KOHKPETHBIX YCJIOBUSIX MOXXET OCHOBBIBAThCSI Ha
pe3ynbTarax pacyera 3HepreTuyeckoro OanaHca u
OajaHca MapHUKOBBIX [a30B — OCHOBHBIX JJIEMEH-
TOB OLIEHKH KU3HEHHOI'O [IUKJIA TEXHOJOTUH.

Oueprernueckas 3(PQPeKTUBHOCTH paldOThI
OMOra30BbIX YCTAHOBOK 3aBUCHUT OT BHJA CHIPbS,
IIPUMEHSAEMOM TEXHOJIOTMM WU JPYTUMX YCJIOBUHU.
CornacHo nuTeparypHbIM JaHHBIM, a1 BI'Y ko-
3¢ puIMeHT BBIXOAA PHEPTUU MOXKET KOoJeOaThCs
ot 1,8 1o > 6.

Cutyauusi ¢ npou3BOACTBOM MOTOPHBIX OHO-
ToriuB (Ouomuzens W OMOATaHOJA) HEOIHO3HAU-
Hast. [lo OONMBIIMHCTBY MMEIOMIMXCS JAHHBIX KO-
3¢ (ULKMEHT BBIXOJA PHEPrUU MJIsi HUX CYIIECT-
BEHHO HIKE 2, TOTZa KaKk HEKOTOPbIE aBTOPHI IO-
kaspiBator EYC, > 2. lIpencTaBiusercs, 4To I0-
JIOKUTENBHOIO C 3HEPreTUYECKON TOYKHM 3pEHHUs
pe3ynbTara MOKHO JOCTHYb JIMIIb B OTAEIbHBIX
Cllydasix NpHU OIpPEEICHHBIX YCIOBUAX, HAIpPHU-
Mep, MNpPU HCIOJIIb30BAHUM ChIPbS B BHJIE OTXO-
JI0B, IOAJIEXKAIUX YTUIIN3ALUH.

[To Bompocy 3xonoruueckoit 3pPexTuBHOCTH
OMOPHEPTreTUYECKUX TEXHOJIOTH MOXHO OTMe-
TUTh, YTO BCE YCTAHOBKHM Ha TBEpAOW OmoMacce
U OOJNBIIMHCTBO YCTAaHOBOK Ha OMOrasze COOTBET-
CTBYIOT TEKyIIUM U Oynymum TpeboBaHusM Jlu-
pexktuBsl 2009/28/EC — cokpaiiieHue BBIOPOCOB
MAapHUKOBBIX T'a30B, 00YCIOBIEHHOE UX PabOTOM,
coctasisiet > 60 %.

Uro kacaeTcsi *KHUIKUX MOTOPHBIX OMOTOIUIWB,
TO OOJBIIMHCTBO TOKa3areyed Ouomusens u Ouo-
ATAHOJIA TIEPBOTO TOKOJICHHUS YIOBJIETBOPSIOT TE-
kymuMm TpeboBanusiM Jupextusbl 2009/28/EC,
HEKOTOpbIE YJIOBJIETBOPSIOT TPeOOBaHUIO, KOTO-
poe BctynuT B cuiy ¢ 2017 roga (mun. 50 %), u
MIPAKTUYECKH BCE IMOKA3aTeIM BBIXOMST 3a TIpe-
Jenbl TpeOOBaHUS, KOTOpbIe OyayT MPUMEHSTHCS
c 2018 romga (muH. 60 %). Jlnst OMOTOIIMBA BTO-
pPOTO TIOKOJICHUS PE3yJIbTaThl HAMHOTO JIy4Ile —
COKpAIllEHUEe AIMUCCUH MAPHUKOBBIX Ia30B COCTaB-
asiet 80...95 %. Xopoiune noka3arenn UMEET Tak-
e OMoras Kak MOTOpHOE TOTUTHBO — Oosiee 80 %o.
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Tabn. 6. MakcumaibHO 11eJIeco00pa3HOe PACCTOSIHUE TPAHCIIOPTUPOBKU OMOTOIJIUB aBTOTPAHCIIOPTOM

[IpenenpHOE paccTOsHUE TPAHCTIOPTUPOBKU, KM
§ EYC, =1 EYC,,=2 EYC =5
Tun sHepreTH4ecKon yCTaHOBKU 9HepeUsl «HA 6X00e» | MUHUMATLHO NR
peKomeHoyemoe
paesna sHepeuu oonycmumoe
3HayeHue
«Ha 8bIX00Ee» 3HayeHue
Koten na npesecnoit merne (500 kBt) 1800 800 170
Koten Ha npeBecHoi miene u3
sHepreTudeckoi Beposl (300 kBT) 2100 200 120
Koten Ha rpanynax u3 apeecunsl (100 kBT) 2800 1100 80
TOL na npesecunoi memne (2 MBr_ +10 MBr) 1900 850 170
TOC na npesecnoi wene (2 MBT,) 250 0 %
Koten na conome (500 kBT) 1800 800 200
Koten Ha rpanymnax u3 comomsl (100 kBT) 1800 500 -k
TOI Ha Trokax conomsl (2 MBt +10 MBT) 1500 800 80
TOC na Trokax cosnomsl (2 MBT) 150 ko -k

* [aocice npu nynesom paccmosnuu nepeeosku obuomonmuea EYC, < 5.
** [ladice npu nyneeom paccmosnuu nepeéosku ouomonaueéa EYC, < 2.
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ENERGY AND ECOLOGY ANALYSIS
OF BIOENERGY TECHNOLOGIES. PART 2

Geletukha G.G., Zheliezna T.A., Drozdova O.I.

Institute of Engineering Thermophysics
of the National Academy of Sciences of Ukraine,
vul. Zhelyabova, 2a, Kyiv, 03680, Ukraine

The paper covers the issue of energy efficiency
of biogas production and production of first
generation liquid biofuels. Detailed analysis of
studies on energy and ecology efficiency of bio-
energy technologies based on the life cycle asses-
sment is performed. The results of GHG emis-
sions calculations show that all solid biomass
installations and most of biogas plants meet
current and future requirements of the Directive
2009/28/EC — greenhouse gas emissions reduc-
tion caused by their operation is > 60 %. As for
liquid biofuels, most parameters of the first
generation biodiesel and bioethanol meet current
requirements of the Directive 2009/28/EC, some
meet the requirement that enters into force from
2017 (min. 50 %), and almost all parameters
exceed the requirements that will be applied from
2018 (min. 60 %). For the second generation
biofuels results are much better, greenhouse gas
emissions reduction amounts to 80...95 %. Biogas
as transport fuel also has quite good figures on
GHG emission reduction, which are over 80 %.
References 8, Tabl. 6, Fig 1.

Key words: biomass, biogas, biofuel, bioenergy
technologies, energy analysis, energy yield
coefficient, life cycle assessment, greenhouse
gases.

1. Daniela Dressler, Achim Loewen, Michael
Nelles. Life cycle assessment of the supply and
use of bioenergy: impact of regional factors on
biogas production // The International Journal of

Life Cycle Assessment. — November 2012, vol. 17,
issue 9, P. 1104 — 1115.

2. M. Berglund, P. Borjesson. Energy analysis
of biogas systems. Proc. of 2nd World Confe-
rence on Biomass for Energy, Industry and Cli-
mate Protection, 10-14 May 2004, Rome, Italy,
P. 687 — 690.

3. J. Malca, F. Freire. Life cycle energy ana-
lysis for bioethanol: allocation methods and im-
plications for energy efficiency and renewability.
Proceedings of 17th International Conference on
Efficiency, costs optimization simulation and en-
vironmental impact of energy and process systems,
7-9 July 2004, Mexico.

4. Bilodid V.D., Tarasenko P.V. Some calcula-
tions on the energy efficiency of biofuels //
Problems of General Energy. — 2008, Nel8, P. 34
—39. (Rus.)

5. Thomas Nussbaumer, Michael Oser. Eva-
luation of biomass combustion based energy
systems by cumulative energy demand and energy
yield coefficient. Report for International Energy
Agency and Swiss Federal Office of Energy, 2004.

6. Directive 2009/28/EC of the European
Parliament and of the Council on the promotion
of the use of energy from renewable sources and
amending and subsequently repealing Directives
2001/77/EC and 2003/30/EC.

7. Neil Bird, Annette Cowie, Francesco Cheru-
bini, Gerfried Jungmeier. Using a Life Cycle As-
sessment approach to estimate the net greenhouse
gas emissions of bioenergy. Report on IEA Bio-
energy Task 38.

8. C.M. Sastre, E. Maletta, Y Gonzalez-Are-
chavala et al. Centralised electricity production
from winter cereals biomass grown under cent-
ral-northern Spain conditions: Global warming
and energy yield assessment // Applied Energy, —
February 2014, vol. 114, P. 737 — 748.

Ilonyueno 21.05.2014
Received 21.05.2014

62 ISSN 0204-3602. Npom. TennotexHuka, 2015, m. 37, Ne1



