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AHaepoOHa KodepMeHTallisi NTANIMHOIO TMOCJTIAY 3 LEJTHJI030BMiCHUMHU

Bigxomamu

Posensanymo enius komnonenmmo2o emicmy yemono306MicHoi cupogunu (6i0x00ie nanepy, ouepemy, KOHONII mMa KyKypyo3u) K Ko-

cyocmpamy Ha euxio 6io2azy ma emicm Memany 8 HbOMY Npu CyMICHOMY 30p0o0dicysanti 3 nociioom nmaxis. Ilokazarno, wo niosu-

WeHHs eMicmy JieHIHY Ma 8adICKOPO3UUHHOI Yenion03u npu36o0ums 00 YNogiibHenHa npoyecy ymeopenns oiozasy. Hatieuwuil 6uxio

Giozazy xapaxmepnuii 015 UKOpUCMAnHA 8i0x00i6 nanepy (yenonosu) sax kocyocmpamy i cxnadae 371 cm’/z COP, 3a euxopucmanis

ouepemy ma xononui 8i0nogiono na 50% ma 64% nuscue. bion. 17, mabn. 2, puc. 4.
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Beryn. 3 pocTtoM arpapHO-IIpOMHCIOBOTO KOM-
IUIeKcy B YKpaiHi OcTae MUTaHHS e()EeKTUBHOT yTH-
mizamii BigxoniB. OcoOJIMBO BOHO akTyalbHE IS
rajy3i NTaxiBHUITBA, OCKIILKA caMe BOHA Ma€ Haii-
OLITBII TeMIU pocTy MOMiXK ycix iHmux [1]. Bucoki
TEMIIA PO3BUTKY OOYMOBIIOIOTH YTBOPEHHSI BEIHMKOT
KiIbKOCTI mocminy. Ilocmif, 10 yTBOPHOEThCS, 3a-
3BHYAN CKIAAY€ETHCS HAa BIAKPHUTIH TEpUTOPIl IimI-
PHEMCTBA, IO € EKOJIOTIYHO HeNpUHHATHUM. OCHO-
BHUM JDKEpeNoM 3a0pyIHEHHS € aMiadHi CIOJYKH,
SKI TIOTPAIUISIIOTE B aTMocdepy TpH PO3KIaJaHHI
MOCITITY Ta HaIXOIUTh 0 TPYHTOBHUX BoA [2]. Tomy
Hapasi MOoCTae MUTAHHS €KOJOTIYHOT Ta €eKOHOMIYHO
BUTIHOT yTHITi3aIli{ BIIXO/IB ITaXiBHUIITBA.

OpHuM 31 croco0iB yTumizaiii Moxe OyTH aHa-
epoOHa mepepoOKa MTAITMHOTO TMOCTITY 3 YTBOPCH-
HSM aJIbTEPHATUBHOTO IMPHPOJHOMY Ta3y HalliBa —
Oiorasy [3]. [lepeBaramu 11b0ro METONY €:

®  YTBOPEHHsI €HEPrOHOCIs, KM MOXE 3aMi-
HUTH TIPUPOJIHUH Ta3, BIACHUX 3aIaciB SKOTO HEJNO-
CTaTHBO JJIsI 38JI0BOJICHHSI TOTPEO MPOMHUCIOBOCTI Ta
moOyTy, 110 MPUBOAUTH JIO TiBUIIECHHS PEHTA0Eb-
HOCTI TATPUEMCTBA;

® YTBOPEHHS BHCOKOKAIOPIMHMUX 0107100pUB,
SKI MOXYTh BHKOPHCTOBYBaTHCh Ha TOJSX arpo-
MIPOMUCIIOBOTO KOMIUIEKCY JUISI BUPOIIYBaHHS Cijlhb-
CBKOCTIOAAPCHKUX KYIIBTYD.

[pote, mopsiz i3 mepeBaraMu € psii TEXHOJIOTiY-

HUX MpoOJieM, sIKi TOTPeOYIOTh HAYKOBOTO MiAXOIY
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Ui X BupinieHHs. OCHOBHOIO TaKoOK IPOOJIEMOIO,
K YK€ 3a3Hayaliocs, € BeNMKa KUIbKICTh aMiaky,
SKMH € CKJIaJOBOIO NTALIMHOTO IOCTILy Ta yTBOPIO-
€TbCSl B IPOLIECI PO3KIJIaly Ce4OBMHHU. Bucoka koH-
HEHTpALlisl 10HIB aMOHII0 1HTiI0Y€ PO3BUTOK acomiarii
MIKpPOOpPTaHi3MiB 1 Mpoliec METaHOTeHe3y, 10 3HU-
JKye BHXin Oiora3dy Ta BMICT MeTaHy B Hbomy. Jlis
nporiecy OpoAiHHS 3 YTBOPEHHSIM 0iora3zy BBa)KaeThb-
cs pamioHanpHHM cmiBBigHOMEeHHs C:N = 25-30:1
[4], sixe OpyIITy€eThCS 32 BAKOPUCTAHHS TIOCTITY.

Meromamu BHpIIICHHAS IIi€] TpoOieMu Moke 0y-
TH 3HWKCHHS KOHIIGHTpaIlii cyOCTpary, IO ITiBH-
1Iy€e eHeProBUTPATH Ha BUPOOHHIITBO, a00 J0JaBaH-
HSI LIEITIOJI030BMICHOT POCTIMHHOI CHPOBUHH SIK KOCY-
Octpary (BiAXOIIB KyKYpYA3H, COJIOMH 3EPHOBHX
KyJIBTYp, Hamnepy Toio) [5].

VY poboti [6] HaBeneHO JaHi MO0 BUKOPUCTAH-
Hsl KOepMeHTaIlii NTallnHOTO MOCIiAY 3 KOHOIUICIO
TIPH CITIBBIAHOIIEHHI 32 CyXO0I0 OPTaHIYHOIO PEYOBH-
HOIO (KOHOTUIA : Kypsumit mocwin): 1) 4:1; 2) 85:15;
3) 9:1; 4) 19:1. ToOTO 1ENIOI030BMICHOI CHPOBUHU
OyJ10 HE MEHII HiX y 4 pa3u OuIbIie 3a mociia. 3aj-
st kpamoi GepMeHTallii KOHOILII MONepeHbO 00-
poOmsiiu maporo mpotsroM 1 roguHu. HaiiBuiuit
BUXiJ Oioraszy croctepiraBcsi 3a CIiBBiTHOIICHHS
85:15 nHa 14 noOy mepebiry mporiecy i CTaHOBUB
257 cM’/aM’ 06’eMy peakTOpa IpH KOHIEHTpALii
MeTany B HboMy 70,3%.
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3a BUKOPHCTaHHS KYKYPYI3H SIK KOCyOcTpary
Halkpamui cepeaHbo1000BHI BHXiA Oiorasy cro-
crepiraBcst Ha 20 o0y depmMeHTalii 3a CIiBBiIHO-
LIeHHs KyKypyasa/mociig 3:1 i cranoBus 218 ewm’/r
cyxoi opraniunoi pedoBuHH (COP) mpm mikoBii
KOHIIEHTpalii MetaHy B Oiorasi 68%. 3a Takux yMOB
BMIiCT 10HIB aMoOHil0O y ¢QepMeHTepi CTaHOBHB
0,52 mr/r cyoctpaty [7].

[Tpu xodepmeHTaLii NTAIIMHOTO MOCTITY 3 O4e-
peToM y cmiBBijHOIIEHHI 1:1 cepeanbo1000BUl BU-
xix 6iorasy cramosus 400-500 cm’/r COP 3 KOHIICH-
Tpamieto metany 50% [8].

Tak, nmpu (epmeHTamii YMCTOrO MOCTITY TpUBa-
micth nmar-gasu ckiangae Oinpme 30 mi6. Buxin Giora-
3y mocsrae 280 cm’/r COP mpy MakCHMAIbHOMY BH-
xoxi 150 ecm’/106y 3 KoHuEHTpamieo Metany 40% [9].

KodepmeHnTariist Kypsaoro mociiny 3 COJIOMOIO
MIIIIEHUITl TPY CHIiBBIIHOIICHHI cyoOcTpaTiB 1:1 mae
BuXiz Giorasy 6mmseko 700 cv’/r COP 3 KoHIEHTpa-
uiero merany 45-50%. 3a TuX k€ yMOB 3 PHUCOBOIO
COJIOMOIO SIK KOCYOCTpaTOM BHXiJ] Oiora3y i KOHIICH-
Tpawiss MeTaHy MiIBUILYIOTBCS 1  JOCSTalOTh
725 em’/r COP Ta 50-55% BigmosigHo [10].

Takum unHOM, CyMicHA (hepMEHTAILis TIOCI Ty Ta
IIEITFOJI030BMICHOT CHPOBHHH PI3HOTO TIOXOKEHHS
Ja€ 3MOTY IIiJIBUIIUTH IIBHIKICTh TIEPETBOPECHHS
cyOcTpaTiB Ta Buxija Oiora3y. AJie TiJBHUIICHHS BMi-
CTY UEIOJI030BMICHOI CHPOBUHH 3HHXKYE BMICT Me-
TaHy B Oioraszi. He BHM3Ha4eHO, K KOMIIOHEHTHHU
CKJaJl KOCyOCTpaTy BIUTMBaE Ha BHXia Oiorazy Ta
BMICT MeTaHy B HbOMY. TOMy 3’siCyBaHHSI BILIMBY
KOMITOHEHTHOTO CKJIaJy LENI0JI030BMICHOI CHPOBH

HU Ha BUXiJ 0iorazy Ta BMICT METaHy B HbOMY € aK-
TyaJbHOIO 3a7a4yero, siKa JacTb 3MOTY BHPIIIUTH
€KOJIOTIYHE TTUTaHHS YTHIII3aIii OCTiTy 3 MaKCHMa-
JFHOI0 KOMEPIIIHHOI TPUBA0IIMBICTIO Ta MiHIMAallb-
HUMH CHEPrOBHTPATaAMH.

MocranoBka 3aBnanusi. Memolo podomu €
BCTAHOBJICHHS 3aJIC)KHOCTI TIPOIYKyBaHHS Oiorasy 3
MTAIIMHOTO TIOCTITY BiJl KOMITOHEHTHOTO BMICTY KO-
cybcrpary.

JInst TOCATHEHHSI TTOCTaBIICHOI METH HEOOXiTHO
JOCIIIIUTH:

e MHAMIKy 3MiHH BHXOJIY 0iorasy B 3aJICKHOCTI
BiJl BMICTY JIITHIHY Ta IIEJFOJIO3U B KOCYOCTparTi;

® BIUTUB Ha MPOIEC YTBOPEHHS METaHy LIETIOJIO-
30BMICHUX KOCYOCTpaTiB (KyKypyl3a, O4eper, KOHO-
IS, BIAXOOM Marepy).

Mamepianu ma memoou oocnioxycenns. SIx xo-
cyOCcTpaT BUKOPHUCTOBYBAJIHM BIIXOJM KYKYPYI3U Ta
narepy, odeper, credna koHorut. Bubip menrono3o-
BMICHUX KOCyOcCTpaTiB Iyl 30pOIKyBaHHS TITAIIH-
HOT'O Mociiay 0a3yBaBcsi Ha BENUKiH KiTBKOCTI yTBO-
PEHHsI BIJXOJIB Ta MOJJIMBOCTI iX 30epiraHHs 0e3
3MIHH CTPYKTypHOTO ckiamy. Oueper OyB oOpaHWit
SK CUPOBHHA, BUPOILLyBaHHS SIKOT HE OTpedye eHep-
ro- Ta PeCypcoBUTPAT, a 301p 1 TPAaHCIOPTYBaHHS 110
MicIlI TIEpepOOKH € HaWMEHII EHEePrOBHTPATHUM, i
AKa MOKe OyTH albTEPHATUBHOIO 3aMiHOIO KYKYpY-
n3i. Takox mpH 1IIbOMY BHpIIIy€eThCsl ipobieMa 3a-
0oJTOUeHHS PiYoK YKpaiHm.

KomnoneHnTHHii ckiax KocyOCcTpaTiB HaBEICHO B
Tabnmi 1.

Ta6auns 1. [TopiBHAJIbHA XapaKTEPUCTHKA KOMIIOHEHTHOIO CKJIAAY
1eJIK0J1030BMiCHUX Bigxoais [11]

CupoBuHA [earogo3a, % Jlirnin, % 3o0abHiCTB, %
Kykypynza 41,6 £2,08 17,9 + 0,895 4,740,253
Oueper 45,8 +2,29 21,1 +1,055 4,02 +0,201
Konorust 62,4+3,12 15,1 £0,755 3,07 £ 0,1535
IManepoBi Bixxoau 88,7+ 4,44 1,2+ 0,06 0,8 + 0,04

SIK THOKYJISAT BUKOPHCTOBYBAIIM TIepeOPOIKEHUH
3aJMINOK 13 JTa0OpaTOPHHX METAaHTEeHKIB Kadeapu
exobiorexHonorii ta 6ioeneprernkn HTYY "KIII".
[Tramuauit mocmin Oymo Hamano BAT "Aanrapng"
(PKamkiBcbkwii paiioH, Uepkackka 001acTh).
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306po/KYBaHHS MTAITMHOTO TOCIITY 3 TETHI030-
BMICHUMH KOCYOCTpaTaMH MPOBOAMIN B aHAEPOOHHUX
peaktopax o6’emoM 1,5 aM° 3 KoedillieHTOM 3amoB-
HeHHS 00’ eMy 0,8. CriBBITHOIIICHHS MTAITHHOTO TTOC-
Jimy 1 kocyOcTpary ctaHoBWIO 1:1, BMICT CyXO0i cHpoO-
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BUHH Y epmeHTepi — 8%, BMICT iHOKYJISTY B poOOUii
cymimn — 10% Big KOHIEHTpalii CyXuX OpraHiuHHX
peyuoBHH Yy 1a0OpaTOPHOMY MeTaHTeHKy. IIponec me-
TAaHOBOTO 30POKYBaHHS MPOBOAWIN Y MEPIOAUIHO-
My pexkuMi 3a ikcoBaHoi Temneparypu 37,5 = 2°C B
cyxonosiTpsgHoMmy Tepmoctati TC-80M.

301IbIIEHHS] aKTUBHOI IO LIEIFOJI030BMICHOTO
KocyOcCTpary, TOCTYIHOI JJIsi MIKpOOpPTaHi3MiB, Ha I0-
BEPXHI SIKMX MICTATHCS LENIOJIONITHYHI (epMEHTH,
JOCATANOCh  IIUISIXOM  TOZIPIOHEHHS JI0  PO3MipiB
2-3 mmM 3a nonomororo kasomosiku VESelectricV-CG3.

BusHaueHHsT Macu CUPOBMHM ITPOBOIMIIHN 3a JI0-
MIOMOTOI0 J1a0OpaTOPHHUX aHANITHYHUX Bar Scout
PRO mogens SPE-123 3 moxu6xkoro ne oimsie 0,01 1.

Jiist BU3HAYEHHSI BOJIOTOCTI CHPOBUHY BHCYIIH-
BaM y cymmipHIA mmadi 2B-151 mpu temmepatypi
110 = 5°C y TppOX MOBTOPHOCTSIX 3a CTaHAAPHOIO
MeToiuKoro [12].

MacoBy 4acTKy CyXOTo 3alHiKy X y BiICOTKax
00umnCITIOBaIH 32 GOPMYIIOI0:

X:u.loo, % . (1)

Iie 71— Maca CyXoro 3aJIMIIKY 3 OFOKCOM, T; 7, — Ma-
ca OIOKCY, T'; m — Maca HaBaKKH, T.

30M1bHICTh CyOCTpaTiB BU3HAYAIM MICJIs CHAIIO-
BaHHa y Mydenbriil newi VEBKEWH nipu Temmnepa-
Typi 800°C y TphOX MOBTOPHOCTSX 33 CTAHAAPTHOIO
MeTtoukoro [13]. MacoBy yactky 3011 Z y BiICOT-
Kax obumcmoBanu 3a Gopmynoio (1), e m, —maca

THUTJIST 3 HABAXKKOKO IMICIIS O30JICHHA, T, mz— Maca

THUIJIA, I'; m — Maca HaBaXXKu, TI.

PospaxyHok BMicTy Cyxoi 3HE30JICHOI OpraHiy-

HOI PEYOBMHM JJs  3arpy3ku  J1aOOpaTOPHBIX

METaHTEHKIB TIPOBOAIIIHN 32 (DOPMYJIOTO:

W -(100 - wm)
- 100

COP 2)

b 03

JI€ Weyx — MACOBA YaCTKa CyXOl PEYOBHHH; W,, — Ma-
COBa YacTKa 30JIH.

Cknapn rasy, sSIKHH OJepKyBaJld B Ipoueci Opo-
JiHHA, BU3HAYaJIM 3a JOMOMOTOI0 Tra30BOTO XpoMa-
torpada JIXM-8-MJ] 3a craHmapTHOIO METOAMKOIO
[14, 15]. Xpomartorpad MICTUTBH MBI KOJOHKH: IIep-
ma ans BusHaueHHs H,, O,, CHy, Ny, apyra — COs,.
l'az-HOCili — apron, IIBUAKICT MPOTOKY Trazy —
30 cM’/xB. O6’eM mpo6 ra3y Ha Hepiiii KOJNOHI —
2,5 cM’, Ha apyriii — 1 cv’. Temmeparypa B KOJIOHO-
kax 50°C, temnepatypa BumapioBaua 50°C, temme-
patypa nerextopa 50°C, ctpym aperexktopa 50 MA.
Jns BinOopy mpo0O Giorasy Ha sIKICHMH Ta KiTbKic-
HUW aHaji3 BUKOPHCTOBYIOTHCS METAJICBi IIITPHUITA
10-1-10:100-A-CK-VY.

Bumiproanns pH Ta konuentparii ionis NH,"
MPOBOJMIMN 32 JonomMorot ioHomipa M-160MU 3a
CTaHIAPTHOIO METOINUKOIO [16].

Pe3yabTatH Ta 06rosopenHsi. Bojoricts, 30-
meHICTh Ta BMicT COP y cyOcTpaTax HaBeleHO B
Tadaumi 2.

Ha puc. 1 HaBeneHO nuHAMiKy BUXOJy Oiorasy
IPOTAIOM OJHOYACHOTO 30pOAKYBaHHs NTALIMHOTO
MOCIiTy Ta HENI0I030BMICHUX KOCYOCTpaTiB Pi3HOTO
MOXO/KEHHS, SIK1 BiIPI3HSIOTHCS BMICTOM LETION03U
Ta JirHiHY (IuB. Tabm. 1).

Tabuauns 2. BmicT cyxoi opraniuyHoi pe4oBHHH Ta BOJIOTICTb KOCYOcTpaTiB

KocyocTpat COP, % 30abHiCTH, % Bouoricts,%
Mocnix 30,97 9,91 65,62
Kykypynza 57,82 35,55 10,29
Oueper 62,45 29,56 11,34
Biaxoau koHOILTI 87,23 8,26 4,92
MManip 89,31 2,10 8,77
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Puc. 1. Iunamika 3minu Buxoay 6iorasy V npu 30poa:KyBaHHi NTAIIMHOIO MOCTiLy Ta LEJHJ1030BMiCHOT0
KocyodcTpary y cniBBigHomeHHi 1:1 nporsrom nepioay 30poaKyBaHHs £:
1 — nanip; 2 — ouepem, 3 — konona,; 4 — Kykypyosa.

Sk BugHO 3 puc. 1, HalOUTBIIMK BuXia Oiorasy
XapaKkTepHUU s 30pO/pKyBaHHS MOCIIY 3 Marnepo-
BUMU Binxoaamu. [likoBuii Buxin Gioraszy Ha 15 mo-
6y cranosus 2100 cvm’/mo6y (1750 em’/nm’ pepmen-
Tepa, 655 cm’/r COP kocy6Gerpaty). 3a BHKOPHCTaH-
HA BIOXOIIB KyKypyI3u Ta odepery mepmr 10 mi0
BuXin Oiorazy OyB Maibke omHakoBHUU. HaitHMmKunii
CepPEeIHbON000BHI BUXi XapaKTEePHUHA I BUKOPH-
CTaHHS KOHOIUI, sKui y miepiog 3 14 mo 22 noOy
cknanae 33% Bix BuXomy Juis narepy Ta 85% Bim BH-
xoy aust ouepety. Jnst ouepety Buxij Oiora3y craHo-
BuB 670 cv’/mv’, 260 em’/r COP kocy6erpary. Taxwit
BuXif Oiorasy 3a BHKOPHCTaHHS IIETFOJIO30BMICHHUX
KOCYOCTpariB pi3HOTO TIOXOJDKEHHS MOXKHA OOTPYHTY-
BaTH HASBHICTIO B HBOMY JIITHIHY, SIKHHA YCKJIaTHIOE
JIOCTYTI MiKpOOPTaHI3MiB JI0 IIENTFOI03H (uB. Tabm. 1).

OKpiM 1IBOTO CHOCTEPITanocs MepiojuvHe 3arTy-

XaHHS [poIiecy yTBOPEHHsI 0iorasy, 110 MOB’s3aHo 3
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YTBOPEHHSIM Ha CTaJil aleTOreHe3y HaJIUIIKY arle-
TaTy, SKWW 3aHIKYyE TNokasHuku pH cepemosuina
30popkyBaHHs. lle mpumymieHHs MiaTBEpHKYEThCS
JIOCTTI/DKEHHSIMU 32 BUKOPHCTaHHS PI3HUX CITiBBiJIl-
HOIIICHb KYKYPY/J3U Ta NTAIIMHOTO MOCIiAy, SK Ha-
BemeHno B myouikarmii [17]. Tlokasauku pH cepemo-
BHIIA HA KiHEb 30pO)KyBaHHS HaBEICHO Ha pHC. 2.
3naveHHs pH 3HaXOMWUTHCS B HIDKHBOMY TIOPO3i OTI-
THUMYMY TMPOXOJUKEHHsS MPOIIECY METaHOTeHe3y 1 y
BEPXHBOMY IOPO3i ONTUMYMY JUIS MPOXOJKCHHS
MPOIIECY AlleTOrCHE3Y.

BaxxnuBuM TIOKa3HUKOM € BuUXin Oiorasy Ha
OJIMHMIIO CYXOi OpPraHiYHOT PEYOBHHU B 3arpysiii
METAHTCHKA. 3TiJJHO 3aBaHTAXKCHHS 32 CYXOH Opra-
HIYHOIO PEeYoBHHOIO 8% BMICT CyXOi pEYOBHHHU Y
(dbepmenHTepi TSI BCiX BUIIB KOCYOCTpPATIB Ta MOCII Ty
cxinagas 99,84 r. Jlani mono Buxonay 6Oiorazy Ha 1 r
COP HaBejieHi Ha puc. 3.



BIOEHEPI'ETUKA

ISSN 1819-8058

pPH

6.87

El

6.8 -

El

6.7

6.64

6.5 ~
6,4

E

ITarmip Kykypyasza

6,71
6,01

Konomna

Oueper

Ilearomao3o0BMicHHE KocyGcTpaT

Puc. 2. 3nayenns pH Ha kiHueBoMy eTani 30poIKyBaHHS 32 BUKOPUCTAHHSA Pi3HUX KocyOcTpaTiB.

V, ma/TCOP

450 371
400 -
350

300 ~

186

250
200 -
150 ~
100

50

0,

Tlocmim:amip (1:1) TMocaim:Oueper (1:1)

136
84

TMocnim:Konorm (1:1) TTocnimKykypymza (1:1)

Puc. 3. Buxia 6iorasy Ha oAMHHIIIO CYX0i OPraHi4YHOI pe4OBHHU 32 BUKOPUCTAHHSA
pi3Hux kocy0cTpariB nporsirom 30 1i0 30poaKyBaHH.

3a pesynbTaTamH, SKi HaBeJeHI Ha puc. 3, HaH-
KpAaIIo CHPOBUHOIO JIi BUKOPUCTAHHS K KOCyOC-
Tpary JJs MOCIiTy NTaxiB 3a BUXOAOM 0iorasy € Bi-
JIXOJIM TIanepy, sKi MalOTh HAHBUIIMNA BUXIJ 3 OJH-
Huri 3aBaHTaxkeHHs Mo COP. Ile MOXHA TOSICHUTH
LIBUIKICTIO AECTPYKLI{ LEI0I030BMICHOT CHPOBH-
HU, sIKa HE MICTHUTB JIITHIHY. 3HKCHHUN BUXiJ Oiora-
3y 3a BUKOPHCTaHHS BiJIXOJIB POCIIMH OB’ sI3aHUM i3
HasBHICTIO JIITHIHOIENIOJIO3HOTO KapKacy pi3HOTO
CTYIIEHS MIIIHOCTI 1, BiAMOBIAHO, YIOBIIHPHEHHSIM
JIOCTYITy MIKPOOPTaHi3MiB JI0 ITOKUBHUX PEUOBHH.
s 30inbmieHHst Buxoay Oiorasy 3 omunuii COP
JUTS BITXOJIIB POCITHH, IO MICTATH JIITHIH, HEOOXiTHO
MIPOBOJUTHU IMOMIEPEIHI0 0OPOOKY LEN0I030BMICHO-
ro KocyOcTpaTy XiMiYHUM peareHTOM 4H Maporo, abo

BingnosmnroBana enepreruka. 2016. Ne 3

OLTBIIT IHTEHCUBHE MEXaHIuHE TIOIPIOHSHHS sl 30i-
JBIIEHHS IO TOCTYITy MIKpOOPTaHi3MiB.

Takox BMICT JIrHIHY Ta CTPYKTypa JirHiHOLe-
JIOJIO3HOTO KapKacy BIUIMBalOTh Ha BMICT 1OHIB
aMOHI0 y cepenoBuii. Tak, 3a BUKOPUCTAaHHS Tare-
py Bmict NH,™ cknanas 74 + 3,5 mr/am’, ouepery —
138 + 7 mr/am’, xosomm — 69 + 3,5 mr/nv’. To6To
MiJIBUIIICHHS] BMICTY JITHIHY NMPH3BOAWTH 10 YIOBI-
JTHFHEHHS IECTPYKIIii IIET0II030BMICHOTO cy0OcTpary i
MiABUIIEHOTO PO3KJIaNy OpPraHidYHUX a30TOBMICHHX
CIONYK, IO MICTATbCS Yy TOCHiT, Ta CHOpHUsE HOro
O1TBII TIOBHIH yTHITI3aII].

IToka3HWKH SKICHOTO Ta KUTBKICHOTO CKJamy Oi-
orazy 3a BUKOPHCTaHHs PI3HHX IIEIFOJI030BMICHUX
KocyOcTpaTiB HaBeZCHO Ha puc. 4.
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Puc. 4. SIkicHnii ckiaj 6iorasy 3a BAKOPUCTAHHS Pi3HUX KOCyOcTpaTiB:

a — 6i0x00u nanepy,; 6 — KOHONJs, 8 — ouepen, & — KVKypyo3d.

Sk BUAHO 3 Aiarpam, HaBeJIECHUX Ha puc. 4, Hail-
Kpaluii Buxij 6iorasy croctepiraBcsi Ipi BUKOPHC-
TaHHI BiIXOMIB TIANepy B SKOCTI KOCyOCTpaTy y Tie-
pepoOIIi NTAIMHOTO MTOCIIAY — KOHIIEHTpAIlisl MeTa-
Hy B Oiorasi craHoBmna 61,9%. Ilicns BigxoxmiB ma-
nepy HalKpaluil pe3ynbTar 3a BMICTOM METaHy Io-
kazaB ouepeT — 60%, nani kykypymza — 59,5% i ko-
Horist — 58,4%. HaBeneni Buie naHi KOPETIOIOTHCS
31 CKJIaJIOM IIEITIOJI030BMICHOTO KOCYOCTpaTy, SKHii
HaBeneHo B Tabimui 1. [Ipu BUIOMY BMICTi B KOCY-
OcTpari LEI0JIO3W IIJIBUINYEThCS BHXIJ METaHY,
TaKOX CIIOCTEPIraeThCss 00EpHEHO MPOIOpIIiifHa 3a-
JISKHICTh JI0 BMICTy JIrHIHY B KocyOcrpari. Tak,
[IPU BUKOPHUCTAHHI B SIKOCTI KOCYOCTpaTy KOHOILII 3
BMICTOM JIiTHIHY MOHa1 25% criocTepiraBcsi MEHIINH
BHXIJT METaHy, X04a KOHIICHTpAIlis IEII0I03u Oya
OLITBITIOI0, HIK Y CKJIAJl KYKYPY/I3U Ta O4epeTy.

Bucnosku. 1. [Ipu anaepoOHiii kodpepmenTanii
NTAIIMHOTO MOCIIAY 3 IeJIF0JI030BMICHUMH BIIX0/1a-
MH PI3HOTO MOXO/DKEHHS Ta KOMIIOHEHTHOTO CKJIaLy
Haiibinpmmii BuXix 6iorasy (371 cm’/r COP) mpotsi-
TOM TIPOLIECY XapaKTePHHUU AJISI BUKOPHCTAHHS YHC-
TOT LIEJIF0JIO3H (BIAXO/IIB Harepy).
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2. IligBuiieHHsT BMICTY y BiXOAax JITHIHY Ta
B)KKOPO3YMHHOI LEN0I03U NPU3BOJIUTH JI0 YIOBI-
JTBEHEHHS (hepMEHTAIlIHOTO TIPOIeCy Ta 3HIDKECHHS
BMIiCTy MeTaHy y 6iorasi. Buxin 6iora3zy nmpu xodep-
MeHTalii 3 odeperoMm (67% JirHIHY Ta IENIOIO3H)
ckinagae 50% Bin BUXOAY 32 BUKOPUCTaHHS Tarepy
K KocyoOcTpaTy Ta 36% 3a BUKOPUCTAaHHS KOHOILT
(77% nirainy Ta nenrono3u). Bmict meTany y Giorasi
3a BUKOPHCTaHHS Manepy cTaHoBuB 61,9%, ouepery
—60%, xkykypymsu — 59,5%, koHoruti — 58,4%.
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AHa3po0Hasi kodepMeHTALMS ITHYbEr0 IOMeTA ¢ LeJIIJI0-
30Cco/IepAKAIUMH 0TX04aMU

Paccmompeno enuanue komnonenmno2o cooepiicanus yeanono-
30c00eparcauie2o coipbs (0mMx0008 Oymazi, Kamvliiid, KOHONIU U
KVKYpPY3bl) KaK KOCyOCmpama Ha 8biXo0 0102aza i cooepicanie
Memana 6 HeMm Npu COEMEeCHHOM COPAdICUBAHUU C NOMEmom
nmuyvl. Tloxkazano, 4mo nosviuienue cooepicanus AUSHUHA U
MpPYOHOPACMBOPUMOTLL  YENLTI0NI03bl NPUBOOUM K 3AMeOTIeHUIO
npoyecca obpasosanus buozasza. Bvicokuil ébixo0 buozaza xapa-
Kmepen Ol UCNONb308AHUA OMX0008 OyMazu (Yernonosbl) KaxK
Kocybcmpama u cocmaensem 371 em’/e COP, npuU UCNONb306A-
HUU mpocmuuka u Kononau coomeemcmeenno na 50% u 64%
nuoice. bubn. 17, maébn. 2, puc. 4.

Knrouesvle cnosa: 6uocas, memanmenx, Kocyocmpam, JueHUM,
nomem, yeanoa030cooepicaujee Colpbe, Kopepmenmayusl.
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Anaerobicfermentation of bird manurewith cellulose waste

The influence of component content cellulose raw material (wastes of paper, reed, hemp and corn) considered as substrate for biogas

and methane that the contents in it are compatible with the fermentation of the bird smanure.

It is shown that increasing the content of lignin and cellulose is hard for instant results and slowsdown the process of formation a

biogas. The highest biogas yield is typical for using waste paper (cellulose) as substrate and is 371 cm’/g DOM by using the cane

and hemp on 50% and 64% lower, respectively. References 17, tables 2, figures 4.

Keywords: biogas digesters, substrate, manure, raw cellulose and fermentation.
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Introduction. With the growth of the agricultural-
industrial complex in Ukraine appears a question of
effective waste disposal. Especially it is important for
the poultry industry, as it has the highest growth rate
among all the others [1]. High rates of development
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cause the formation of large quantities of manure. Ma-
nure formed typically is usually stored at the open terri-
tory of the company, which is not environmentally ac-
ceptable. The main source of pollution is ammonia,
which goes to the air as the evaporation and entering
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the groundwater in the soil at the impregnation [2]. So
now is the question of environmental and economically
profitable poultry waste utilization.

One way of recycling can be anaerobic
processing of poultry manure with forming an alter-
native to natural gas fuel — biogas [3]. The advantag-
es of this method are:

* Establishment of energy source that can replace
natural gas domestic reserves of which are not suffi-
cient to meet the needs of industry and everyday life.
This will increase the profitability of the company.

* Forming a dense of bio-fertilizers that can be
used in the fields of agricultural-industrial complex
for the foods and industrial crops growth.

However, along with the benefits, there are a
number of technical problems that require scientific
approach to solve it. The main problem is such a
large amount of ammonia that is the part of bird ma-
nure and is formed during the decomposition of urea.
The high concentration of ammonium ions inhibits
the development of microorganisms association and
a process of methanogenesis, which reduces biogas
yield and methane content in it. It is rational for the
fermentation to process and form biogas ratio C:N =
25-30: 1 [4], which is disturbed by the use of manure.

The methods of solving this problem can be a
reduction in the concentration of the substrate, which
increases the energy of the consumption at produc-
tion or adding a cellulose plant material as substrate
(waste corn, grain straw, paper, etc.) [S].

During the fermentation of clean droppings, lag-
length is more than 30 days. Biogas output reaches
280 cm’ / g DOM at maximum output of 150 cm’ /
day of methane concentration of 40% [6].

This paper [7] presented the data on the use of
poultry manure fermentation with hemp for its value
for hemp dry organic matter, chicken manure: 1 —
4:1,2—-285:15,3-9:1, 4 — 19:1. This means that cel-
lulose material was not less than 4 times the manure.
For better fermentation hemp was previously treated
with steam for 1 hour. The highest biogas yield was
observed for the ratio (85:15) on the 14™ day of the
procedure and it was 257 cm’/dm’ of reactor volume
at a concentration of methane in it as 70.3%.

By using the corn as a substrate, the best biogas
yield was observed on the 20" day of fermenting
corn for its value: manure — 3:1 and it was 218 cm’/g
of dry organic matter (DOM) in the peak of concen-
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tration of methane in the biogas is 68%. Under such
conditions the ammonium ion content in the fermen-
ter was 0.52 mg/g of substrate [8].

In fermentation of bird manure from the reeds in
the ratio 1:1 average biogas yield was 400-500 cm’/g
DOM of methane concentration of 50% [9].

Fermentation of chicken manure with straw
wheat substrate ratio of 1: 1 gives biogas yield about
700 cm’ / g DOM of methane concentration of 45-
50%. Under the same conditions with rice straw as
kosubstratom biogas yield and methane concentra-
tion increased and reached 725 ¢cm * / g DOM and
50-55%, respectively [10].

Thereby compatible manure and fermentation
of cellulose material of different origins enables to
increase the conversion rate of substrates and bio-
gas yield. But increasing raw cellulose the content
reduces the methane content in biogas. Although it
is not defined as asubstrate component, that affects
the biogas yield and methane content in it. There-
fore, finding out the impact of raw cellulose com-
ponent of the output of biogas and methane con-
tent in it, is an urgent task that will help solving
environmental issues on manure utilization with a
maximum commercial appeal and minimal power
consumption.

Problem statement. The main purpose is to
achieve dependence of the production of biogas from
bird manure from the componentsubstrate.

To achieve this goal it is necessary to research:

e The dynamics of the biogas output that is de-
pending on the content of lignin and cellulose in sub-
strate;

e The influence on the process of methane of
substrate cellulose (corn, cane, hemp, waste paper).

Materials and methods of research.

As substrate waste paper, corn, cane and hemp
stalks were used. The choice that made for substrate
cellulose for digestion of poultry manure based on a
large number of waste, storage capabilities without
changing the pH. The reed was elected as a plant the
growth of which does not require energy and re-
source costs, collection and transportation of which
to a place where recycling takes up less energy and
consuming which may be an alternative replacement
for corn. Meanwhile it is solving the problem with
water logging rivers in Ukraine.

The component composition of substrate is
shown in Table 1.
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Table 1. Comparative characteristics of the cellulose component of waste [11]

Raw Cellulose,% Lignin, % Ash, %
Corn 41.6£2.08 17.9+0.895 4.7+0.253
Cane 45.842.29 21.1+1.055 4.02+0.201
Hemp 62.4+3.12 15.1£0.755 3.0740.1535
Paper waste 88.7+ 4.44 1.2+0.06 0.8+0.04

As inoculum a fermentation remainder of labor-
atory digesters by the Department of ecobiotechnol-
ogy and by the National Technical University of bio-
energy of Ukraine "Kyiv Polytechnic Institute" was
used. Bird manure was provided to JSC "Avangard",
Zhazhkivdistrict in Cherkasy region.

The fermentation of bird manure from cellu-
lose substrate was conducted in anaerobic reactors
with capacity of 1.5 dm® with volume filling factor
of 0.8. Interrelation between the bird manure and
substrate was 1:1, the content of dry material in
the fermenter — 8%, the content of inoculum in the
working mix — 10% from concentration of dry or-
ganic matter in the laboratory digesters. The process
of methane fermentation was performed in an peri-
odic mode, at a fixed temperature — 37,5 + 2°C in
dry-air thermostat TC-80M.

The increase of the active area of the substrate
cellulose which is available to the microorganisms
on surfaces of which are contained cellulose fer-
ments that was achieved by grinding to a size from
2-3 mm using the grinder VESelectricV-CG3.

Analytical scales Scout PRO Model SPE-123
were used to determine the mass of the material
which came out an accuracy of less than 0.01 g.

To determine the moisture of the content, it was
dried in an oven 2B-151 at 1104+5°C in triplicate
times by standard methods. [12]

The mass part of the remaining solid (X) calcu-
lated as a percentage by the formula:

X :M.mo, A
m

e)
where m; — dry mass from samples, g; m, — mass
from the sample bottle, g; m — mass of the ample, g.
The substrates ash was determined after incine-
ration in a muffle oven VEBKEWH at 800°C in trip-
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licate times by standard methods [13]. The mass
fraction of ash (Z) as a percentage was calculated by
the formula (1), where m; — is the mass of the sample
crucible after ashing, g; m, — mass of the crucible, g;
m — mass of the sample, g.

The calculation that desalted by the content of
dry organic matter (CMO) for loading laboratory
digesters was conducted by the formula:

_w,(100-w,,)
COP=""150

where w; — a mass part of dry substance, w,y — a

2)

mass part from ash.

The composition of the gas that was given dur-
ing fermentation was determined by using gas chro-
matograph LCM-8-MD by the standard method [14-
15]. Chromatograph contains two columns, the first
is to determine H,, O,, CH4, N,, the second — CO,.
Gas-carrier — argon, gas flow rate — 30 cm’ / min.
The volume of gas sampled in the first column — 2.5
cm’, the second - 1em®. The temperature in the col-
umn — 50°C, the temperature of evaporators — 50°C,
the temperature of detector — 50°C, current detector
— 50 mA. For sampling biogas for qualitative and
quantitative analysis it is used metal needles 10-1-
10: 100-A-SK-U.

Measurement of pH, ion concentration NH,
was performed using ionomers [-160MI by the stan-
dard method [16].

Results and Discussion. Moisture, ash and
DOM content in substrates are shown in Table. 2.

On the figure 1 it is shown dynamics of the bio-
gas release at the moment of simultaneous digestion
of bird manure and cellulose substrata of different
origins, which vary from each other by percent of
cellulose and lignin content (table 1).
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Table 2. The content of dry organic matter and moisture content of the substrate

Substrate DOM,% Ash,% Humidity,%
Manure 30.97 9.91 65.62
Corn 57.82 35.55 10.29
Cane 62.45 29.56 11.34
Hemp waste 87.23 8.26 4.92
Paper 89.31 2.10 8.77
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Fig. 1. Dynamics of the change of biogas output (V) when digestion of bird manure and cellulose substrata in proportion of

1:1 during the period of digestion (t): / — paper, 2 — cane, 3 — hemp, 4 — corn.

As shown on the figure 1, the biggest output of
the biogas is intrinsic to digestion of manure with
paper waste. The peak output of the biogas on the
15" day was 2100 cm’/day (1750 cm’/dm’ of the
fermenter, 655 cm’/g of DOM of the substrata).
When using corn and reed waste during the first 10
days, the output of the biogas is almost identic. The
lowest average daily output is particular to the use of
hemp, which during the period from 14 till 22 day
equals to 33% of the paper output and 85% of the
reed output. For reed an output of the biogas equals
to 670 cm’/dm’, 260 cm’/g DOM of the substrata.
Such biogas output when using cellulose substrata
could be explained with the presence of lignin within
it, which impedes access for microorganisms to cel-
lulose (table 1).

Besides it was appeared recurring attenuation of
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the process of biogas generation, which is connected
with the formation of the surplus of acetate, which re-
duces the pH rates of the medium of digestion. This
assumption is confirmed by the tests on use of different
proportions of corn and bird manure, as it mentioned in
the source [17]. pH ratio of the medium at the end of
the digestion is indicated on figure 2. pH ratio is lo-
cated on the lower threshold of the optimum of the run
of process of methanogenesis and on the upper thre-
shold of the optimum of the run of acetogenesis.

Important indicator is an output of the biogas per
unit of dry organic substance when loaded into diges-
ter. In correspondence with the charge by dry organic
substance 8% content of the dry organic substance in a
fermenter for all kinds of substrata and manure was
equal to 99.84 g. Data concerning the biogas output per
1 g of DOM are shown on figure 3.
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Fig. 2. pH number on the final stage of digestion when using different substrata.

V. sm?/gDOM
450 371
400 H
350 A

300 ~

186

250 +
200 4
150 4
100 A
50 ~

0,

Manure:Paper(1:1) Manure:Cane(1:1)

84

Manure:Hamp (1:1) Manure:Com (1:1)

Fig. 3. Biogas output (V) per one unit of dry organic substance (DOM) when using
different substrata during 30 days of digestion.

According to the results shown on the fig.3, the
best material for use as substrata for the bird manure
based on the criterion of the biogas outcome is paper
waste, which has the highest outflow per charge unit
by DOM. This could be explained by the velocity of
the destruction of cellulose materials, which does not
contain lignin. The reduced output of the biogas
when using plant wastes containing lignin —cellulose
skeleton of various levels of strength, and, therefore,
the retardation of access of microorganisms to the
nutrient substances. To increase an output of the bio-
gas from the DOM unit, for the plant waste, which
contains lignin, one should pre-process the cellulose
substrata with chemical reagent or with steam, or
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more intensive mechanic shredding to expand an
area for the microorganisms’ access.

Also the content of lignin and the structure of
lignin-cellulose skeleton make influence on the rate
of content of ions of ammonium in the medium. To
illustrate, when using paper the content of NH," was
74+3.5 mg/dm’, cane — 138+7 mg/dm’, hemp —
69+3.5 mg/dm’. Thus, increasing lignin content
causes retardation of the destruction of cellulose sub-
strata and elevating of decomposition of the organic
nitrogen-containing compounds, which are present in
manure, and tends to the more complete utilization.

Figures of quantitative and qualitative content of
the biogas and usage of different cellulose substrata
are shown on figure 4.



BIOEHEPI'ETHUKA

ISSN 1819-8058

C,% C,%
80 | a b
61.9 80 1
60 4 60
40 4 34,1 40 -
20 i 20 "
2.1 0.2 1.7
0 Manure:Cane(1:1)
Manure:Paper (1:1) ACH, BCO, ON, “H, Bother
BCH,BCO, 0N, % H> Bother
C,% C,%
80 , ¢ 80 1 d
59,5
60 - 60 1
40 40 -
20 1 20 -
0

Manure:Cane (1:1)
a CH_;_ a CO'} ImN') WHQ Bother

Manure:Corm (1:1)
ECH_L -C07 IIIN') WH') Bother

Fig. 4. Qualitative composition of biogas when using different substrata: a — paper waste, b — hemp, c — cane, d — corn.

As shown in the figures, represented on figure 4,
the highest outcome of biogas during digestion of
bird manure was noticed when using of paper waste
as substrata — the concentration of methane
equaled to 61.9%. When using other substrata, the
content of methane in the biogas equaled to: cane
— 60%, corn —59.5%, hemp — 58.4%. Thus, the use
of cellulose substrata enables an increase of the
outcome of biogas, an increase of the content of
methane in it, and allows reducing the content of
ammoniac salts in the medium, what allows con-
ducting the process with a constant velocity of ma-
terial disposal. The highest velocity of manure
disposal and maximal outcome of the biogas is
intrinsic to the scheme manure-paper waste which
could be explained with absence of the lignine-
cellulose skeleton and access of microorganisms to
the nutrient substances.

Findings. 1. With anaerobic digestion of the
bird manure containing remnants of cellulose of var-
ious origin and component composition the largest
outcome of biogas is 371 cm’/g DOM that is particu-
lar to the use of pure cellulose (paper waste).
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2. Increasing content in waste of lignine and spa-
ringly soluble cellulose leads to retardation of fer-
menting process and diminishment of methane in bio-
gas. The outcome of biogas while fermenting with
cane (67% lignin and cellulose) equals to 50% of out-
come with use of paper as substrata and 36% with use
of hemp (77% of lignin and cellulose). Concentration
of methane in biogas when using: paper — 61.9%, cane
—60%, corn — 59.5%, hemp 58.4%.
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