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lunxapuyx M.B. BioTexHosoris oTpuMaHHs 61orasy i3 )KUPOBMICHOT CHPOBUHHU. -
KgamidikaiiitHa HayKkoBa mpaiis Ha IpaBax PyKOIUCY.

Huceprartiist Ha 3100yTTS CTyIeHs JOoKTopa (iocodii B ramy3i 3Hanb 16 XimiuHa
Ta OloimkeHepis 3a cremanbHicTIO 162 bioTexHomorii Ta OloiHXKeHepis. —
HauionansHuii TeXHIYHUNA yHIBEpCUTET YKpainu «KuiBCbKUI MOMITEXHIYHUN 1THCTUTYT
imeHi Iropst Cikopebkoro», Kuis, 2020.

Po6ota Bukonana Ha kadenpi ekobdiotexHosorii Ta 6ioenepretuku KIII im. Irops
CiKOpCBKOTO.

Ha cporonmni mianmpueMcTBa IIKIPSHOI MPOMHUCIOBOCTI € OAHUMHU 13 HaMOUIBII
BHCOKO03a0pyTHIOBAIbHUX Ta TOKCHYHUX BHUPOOHUIITB 32 PaXyHOK IIMPOKOTO CHEKTPY
BIJIXO/IIB TaTy31: OpraHiuHUX (MI3ps, )KUPHU, BOBHA, KPOB) Ta XIMIYHUX 3a0pyTHIOBaYiB
(cmonyku Xpomy, cyiabdypy, XJIOPUAM, KUCIOTH, Jyru, aHtucentuku). llkipsHa
IPOMHUCIIOBICTh € OJIHIEI0 13 HaWOUIbII CTapUX Trajly3eid BUPOOHUITBA 1 MUTAHHAMM il
BIUIMBY Ha HaBKOJIMIIIHE cepenoBuIle B €Bpomi 3aiimaroTees me 3 1998 poky [5th
Framework Programme, 1999]. 3aBasku BHCOKHM €KOJIOTIYHMM CTaHAapTam, sKi
3akianeHo B nporpami €C 3 HABKOJMIITHBOTO CEPEAOBHINA Ta KiiMary Tannet, HayKoOBi
PO3pPOOKH IIOAO0 TOKPAIEHHSI EKOJOTIYHHUX TOKAa3HHKIB BUPOOHWYHUX (TIOBTOPHE
BUKOPHCTaHHS PEArcHTIB, 3SMCHIIICHHS BUKOPHUCTAHHS TOKCUYHUX CITOJIYK Y TEXHOJIOT11)
Ta TMOCTBUPOOHWYMX MPOIECIB MIKIPSHOI Tamy3i (3MEHIIEHHS OOCSTIB CTIYHUX BOJ,
BIJIXO/lIB, BUKU/IIB Y aTMOC(EPY) CIPUSIIH 3HUKEHHIO aHTPOIIOT€HHOTO HaBaHTAXKEHHS
Ha JoBKULIA. OAHAK [0 TENepilllHbOrO 4Yacy BIAOYBA€ThCS MOUIYK Ta peai3ariis
TEXHOJIOT1H «EKOJIOT13al1ii» MKIPSHOTO BUPOOHHUIITBA.

Takox mnepen BUPOOHUITBOM YKpaiHM moctae mpobiema auBepcudikalii
cHepreTuaHuX oKepen [[oayo I'A., 2015], a came HEOOXITHICTh BIPOBAKECHHS
IHHOBAIlIMHUX EHEpPro30epiralouyux TEXHOJOTIH, OpPIEHTOBAHMX Ha BUPOOHUIITBO
B1JIHOBJIFOBAJILHOTO MaJINBA.

ToMy akTyanpbHUM 3aBIaHHSIM [JIs IIKIPSHOT TPOMHUCIOBOCTI € mepepoOKa

YKUPOBUX BIJIXO/IB 3 OTPUMAHHS JH)Kepell eHeprii Ta Jo0puBa.


https://uk.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BA%D1%81%D0%B8%D0%BD%D0%B8
https://uk.wikipedia.org/w/index.php?title=%D0%9C%D1%96%D0%B7%D0%B4%D1%80%D1%8F&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%92%D0%BE%D0%B2%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%9A%D1%80%D0%BE%D0%B2
https://uk.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80%D0%B8%D0%B4%D0%B8
https://uk.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B8
https://uk.wikipedia.org/wiki/%D0%9B%D1%83%D0%B3%D0%B8
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[Tpobiema yTumizarii )KUPOBMICHUX BIAXO(IB IIKIPSHOTO BUPOOHUIITBA 3 METOIO
oJiep>kaHHs Oioraszy Mossira€ B TOMy, 110 Taki BIJIXOJM MOTaHO IMiIIaI0ThCS Mpolecam
METaHOBOTO 30pOJKyBaHHSI BHACIIIOK HE3HAYHOT'O BMICTY a30TY B JKHUPI Ta BUCOKHX
KOHIICHTpAI[I XIMIYHUX COJICH, SIKI BUKOPHUCTOBYIOTHCS Y TEXHOJOTii BUPOOHHUIITBA
mKipu. /{15 3HWOKEHHS KOHIIEHTPALlll XIMIYHUX CIIONYK, MIJBUILEHHS BMICTY a30Ty Ta
30UTBIIIEHHST BUXOMy 010Ta3y 3acTOCOBYIOTH Tpoliec kodepmeHTarlii 3 N-BMicHOIO
CHUPOBHHOIO. K KOCyOCTpaT MOXJIMBO BUKOPHUCTOBYBATH TMOCIHIJ MTaxXiB Ta BIAXOIU
CLIIbCHKOTOCTIOJIJAPCHKUX POCIIMH, YaCTKa SIKUX 30UTBIIYETHCS Yy 3B S3KY 3 MPOIECaMU
eBpoiHTerparii Ykpainu.

Jis 3a1dCHEeHHsT Tpoliecy 30pOKyBaHHST KOHKPETHOTO CyOCTpaTy Ba)JIMBO
3a0€3MeUnTH parlioHaNIbHI TapaMeTPH MPOIIECy: BMICT CyX01 OpraHiuHoi cupoBuHHU, pH,
CITIBBIJTHOIIIEHHS 1HOKYJIAT:CyOCTpaT Ta KOCYOCTpariB, parlioHaJIbHUNA Yac mepediry
(depmenTanii. OCHOBHUM HEAOIIKOM aHAEPOOHOT0 30pO/KYBaHHS BIAXOIB MIKIPSHOTO
BUPOOHMIITBA € HASBHICTH CIIOJIYK, SIKI IPUTHIYYIOTh JISJIBHICTh aHAepOOHOT acomiarii
MIKpOOPTaHi3MiB.

B mucepramiitHiii  poOOTI BCTAaHOBIEHO palliOHATBHI TapaMeTpu IS
30pOKyBaHHS KUPOBMICHUX B1JIXO/1B, BU3HAYCHO IPAHUIHO JOYCTUMI KOHIICHTpAIIi1
XIMIYHUX CIOJIYK Ta aHTUOIOTHKIB, 3a SKUX HpOLEC aHaepoOHOro 30pOo/KyBaHHS
3QITAIIAETHCS CTAOUTBHIM.

Jiis 3abe3nedyeHHs] Mpolecy METaHOTE€HE3y Ha OCHOBI JKUPOBMICHUX BIJIXO/IIB
BaYIMBUMHU MTUTAHHSIM € TTOXOKEHHS Ta CKJIa/l CUPOBUHH, 10 JO3BOJIUTH 3a0€3MeUnTH
pamionanbHe cmiBBinHOMeHHs C/N 3aBasku minbopy KocyOctpaTy. B HaykoBiii
JiTepaTypi BIICYTHS 1H(GOpMaILIis II0JI0 paIlloHATBHOT0 KOCyocTpary s pepmenTalii
KUPOBMICHOT CHPOBWHU, HE JTOCHIPKEHO pallioHaJbHE CIIBBIIHOIIECHHS KOCYyOCTpaTiB
Ut pepMeHTallii, 3a SIKMX BUX1J] 610razy Ta METaHy € MaKCUMaJIbHHUM.

B nucepraiiiiHiii poOOTI AOCTIAKEHO Pi3HI 32 XIMIYHUM CKJIaJIOM KOCyOCTparTH, 3a
BUKOPHCTAHHS SKHX B TIpoleci KopepMeHTalii 3 KUPOBMICHOI CHPOBHHOIO
30UIBIIYETHCSI TPOJAYyKyBaHHS 0lorazy Ta BMICT METaHy B HbhOMY. BcTaHOBIIEHHS
paIioHaIbHOTO CIIBBIJHOLICHHS XHUPOBMICHA CHPOBHHA : KOCYyOCTpar 3a MpaBUIIBHO

Mi10paHOro HAaBaHTAXXEHHS 332 OPTaHIYHOIO PEUOBUHOIO CIPHSE MIJBUIEHHIO BUXOTLY
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Oiorasy, ctaioMy 3HaueHHIO pH cepenoBuina 30pomKyBaHHsa. BcTaHoBieHo, 1o 3a
BUKOPHUCTAHHS MOCIITY K KOCYOCTpaTy palioHaIbHUM CITIBBIIHOIIEHHSIM KUPOBMICHA
cupoBuHa/mociin € 9:1, iHOKynaAT/cyocTpar — 1:4; 3a Takux ymMoB BuXiJ Olorazy —
84,6+3,9 cm®/r COP, BmicT MeTany 56+2,7 %.

3anponoHOBAaHO TEXHOJIOTIYHY Ta amapaTypHy CXEMH TEXHOJOrIi NepepoOKu
YKUPOBMICHUX BIJIXOIB IIKIPSHOTO BUPOOHUIITBA. BioTEeXHOJIOTIS IMepepoOKH BIIXO0iB
nepeadavae ojepkaHHs ra3ono/[I0HOro eHeproHocis — 6iorasy Ta 100puBa.

Binomo, mo mnepeOpomxeHa ¢pakuisi 3 METAHTEHKIB (Airecrar), MOKe
3aCTOCOBYBAaTUCh SIK OpraHiyHe JOOpHBO JUIsi BHUPOIIYBaHHS C/T KyJbTyp. Ale B
JITEpaTypHUX JOKEpelax BIACYTHI JaHl IIOJO0 BUKOPHUCTaHHS J0OpuBa 3
dbepMeHTOBaHUX BIJXOJIB JKUPOBMICHOI CHPOBUHU. B po0OTI HaBeAEHO pe3yibTaTH
JOCITI/DKEHHST BIUIMBY KIJBKOCTI BHECEHOTO B TPYHT JIrecTaTy Ha pICT HaHO1IbII
MOIIUPEHUX CUTBCHKOTOCIIOAAPCHKUX KYIBTYP.

Takox HE BHUPINIEHUM Ta aKTyaJbHUM JIMINAETHCS MUTAHHS OYHUIICHHS CTIYHOI
BOAM, LIO0 MICTUTh aHTUOIOTMKUA. B poOOTI OOIPYHTOBAHO Ta EKCHEPUMEHTAILHO
J0Be/IeHO €(EeKTHBHICTh aHAaepOOHOTO CIOCOO0Y OYHUIICHHS BOAU 3 BHUKOPHUCTAHHSIM
aJanTOBaHOI 0 aHTHOIOTHKIB acoliallii MikpoopraHizmiB. BuznadeHo, 1mo 10 ckiamy
aJanTOBAHOI JI0 TETPALUKIIHY Ta HOP(DIOKCAIIMHY acolliailii BXOASTh MIKpOOPraHi3Mu
BuiB Methanobacterium formicicum ra Methanosaeta spp..

Tema nucepraniiiHoi poOOTH BiANOBiJAa€ HampsiMaM PO3BUTKY HAYKH 1 TEXHIKH
«PamionanbHe MPUPOAOKOPUCTYBAHHS» Ta CTPATETIYHUM MPIOPUTETHUM HampsiMam
1HHOBAIlIHHOI aisuibHOCTI B YKkpaini Ha 2009 — 2020 pokwu, a came: «BaockoHameHHS
XIMIYHMX TEXHOJIOT1H, HOBI Marepiai, PO3BUTOK OiloTexHoJOrii»; «OxopoHa 1
03/I0POBJICHHS JIIOJIMHU Ta HABKOJIUIIHHOTO CEPETOBHUILIAY.

Mera poGotm i 3apaui pociigkeHHsi. Metoro poboTu € OOIpyHTYyBaHHS Ta
pPO3pOOKa TEXHOJOTIYHUX OCHOB O10TEXHOJIOTTYHUX PILIEHb NEPEPOOKU KMPOBMICHUX
BiJIXO/1iB BUPOOHUIITBA IIKIpH y Oioras.

JIy1st HOCSATHEHHS TTOCTABJICHOT METH HEOOX1/THO OYyJIO BUPIIIMTU HACTYIIHI 3a/1ayi:

- BCTAaHOBHTH palllOHAJIbHI MapaMeTpu MPOIeCy aHaepoOHOro 30pOKyBaHHS

KUPOBMICHUX BIJXOJIB IIKIPSHOTO BUPOOHUIITBA B JIADOPATOPHHX yMOBaxX (CKJaja
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cyocTpary (B T. 4. BCTAHOBUTH T'PAaHUYHHUHN PIBEHb 1HIOYIOUMX CIIOJYK Yy cyOcTpari),
CHIBBIAHOILIEHHS cyOcTpar : iHOKy T, pH, HaBanTaxenHs 3a COP B peaktopi);

- BU3HAYUTH palllOHAIbHE CITIBBITHOIICHHS KHUPOBMICHA CUPOBHHA : KOCyOCTpaT
Ha TIpoIleC OJIep)KaHHSA Olorazy Ta BMICT METaHy B HBOMY [UJIsi PI3HUX THIIIB
KOCyOCTpartiB (IOCHiJ, BIAXOIU KYKYPYA3H, KAPTOILTL Ta SIOIYyYHOTO KOMY);

- POBECTH aJanTallif0 aHaepoOHOI acoriallii MiKpoopraHi3miB 0 aHTHO10THKIB Ta
BCTAHOBUTH BHJIM METAHOTCHIB, SIKi BIDKHBAIOTh 32 TAKUX YMOB;

- JIOCHIAUTH TpolleC OTPUMaHHs Oiorasy HpU 3aCTOCYBaHHI aJalTOBaHOI 0
aHTHUO10TUKIB acoIliailii MiIKpOOpTaHi3MiB;

-BU3HAYUTH palliOHAJIbHI KOHIIEHTpAIIi piIKo1 Ta TBepA0i (hpaKIlii mepepoKEeHOro
cyOcTpaTy 1y1sl BHECEHHS B IPYHT MPU BUPOIIYBAaHHI CUTHCHKOTOCTIOIAPCHKUX POCITHH;

- pO3pOOUTH TEXHOJOTIYHY Ta amaparypHy CXeMHU NEepepoOKH >KHUPOBMICHHUX
B1JIXO/1B BUPOOHUIITBA, IKi OTPUMYIOTh B MPOILIEC] MATOTOBKU CUPOBUHHU JI0 TyOJICHHS;
Ta pO3poOUTH PEKOMEHAAIIIT MO0 MOKIMBOCTI 3aCTOCYBaHHS TEXHOJIOT1T OTPUMAHHS
6iora3zy 3 ®KUPOBMICHOI CHPOBHHHU ISl IEPEPOOKU HETyOJIEHUX BIAXOA1B MiAMPUEMCTBA.

O06’exkTOM J0cC/iaKeHb € 0I0TEXHOJIOTiSI OTPUMAaHHS 0iorazy i3 >KHPOBMICHHX
B1JIXO/1B BUPOOHHUIITBA IIKIPH.

IIpeameTom gociizKeHb € mapamMeTpu ojepkKaHHs Oiora3zy nmpu kodepmeHTarii
KUPOBMICHUX BIIXO1B BUPOOHMIITBA IIKIPH.

Metoan pocaimkeHHsi. JIJiss BUKOHAHHS TIOCTaBJICHMX 3aBAaHb Yy TIpoIeci
JOCTIPKEHHS BUKOPUCTAHO: ISl BU3HAYEHHS XapaKTEPHCTUK MPOIECY 3aCTOCOBAHO
¢b13uKko-ximiuHi Metoau (pH-merpis, Tomio); Ui BU3HAYEHHS KUIBKOCTI CyXOi
OpraHigyHOI PEYOBHMHHU Ta 30JBHOCTI 3aCTOCOBYBAJIM TPaBIMETPUYHHN METOJM; IS
BU3HAYCHHS SIKICHOTO CKJIaAy 0iora3y BUKOPHUCTOBYBAIHM METO]I Ta30BOi XpoMatorpadii;
JUIsl BU3HAYEHHS BUJIOBOTO PI3HOMAHITTS BUKOPUCTOBYBAJIM METOAM MOJEKYIISIPHOI
oiosorii (BuaiienHs [IHK, momimepasna nanirorosa peaxiis (ITJIP), cexkBenyBaHH#);
JUIslL BU3HAYEHHsS BMICTY MiKpooprasizmis, koHueHtpauii JIHK BukopuctoByBaiu
MeToau  crnekTpodoToMeTpii;  mja  OOpoOKM  pe3yJbTaTiB  CEKBEHYBaHHS

BUKOPHUCTOBYBaIH O101H(POpPMAIIiiTHI METOIH.



Metoau Teopii rpadiB BUKOPHUCTAHO 13 3aCTOCYBaHHSM MPOrPaMHOTO
3abe3neuenns MSExcel Ta AutoCAD.

VY nuceprartii nepuie onepxkaHi Taki HAYKOBI pe3yIbTaTH:

— BCTAHOBJICHO 3aJIC)KHICTh YTBOPEHHS METaHy BiJi KOMIIOHEHTHOTO CKJIaay
KUPOBMICHUX BIAXO1B BUPOOHUIITBA LIKIPH;

— BHU3HAYEHO 3aJICKHICTh IPOAYKYBaHHs 010ra3y BiJl KOMIOHEHTHOI'O CKJIaay
KocyOcTpaTiB (MOCIHIZ, BIAXOAW KYKYPYI3H, SOTydHUN XKOM) TMpU KodepMeHTari
KUPOBMICHUX B1JXO/IIB;

— BIIEpIIE€ BCTAHOBJIEHO BHUAM METAHOTEHIB, SIKI MPUCYTHI B aHaepoOHIN
acoriarii, 1o aJanToBaHa 10 BUCOKUX KOHIICHTPAIli HOPQIIOKCAIMHY 1 TETPALUKITIHY,
MeTonoM cekBeHyBaHHs JIHK wmikpoopraniamiB, 1o Jae MOXIJIMBICTb 30aradyeHHs
MIKpPOOHOI acoIiailii MMy BUIAMU JIJIS M1ABUIIIEHHS BUXOy 010ra3y Ta BMICTYy METaHy
B HHOMY;

— OOrpyHTOBAHO palliOHaJIbHI YMOBHU IIPOIIeCy 30pOKyBaHHS >KUPOBMICHOT
CUPOBMHHU 3a BHUCOKHUX KOHIICHTpAIlii cojied Ta aHTHOIOTHKIB, IO Ja€ MOXJIUBICTD
CTBOPEHHSI TEXHOJIOT1T IEPEPOOKH KUPOBMICHUX BIIXO/IB IMIKIPSHOI MPOMUCIOBOCTI;

- MoKa3aHa MOXKJIMBICTh BUKOPHCTaHHS TBEPAMX Ta PIIKUX BIAXO/IIB
30pOJIKEHOT )KUPOBMICHOI CHPOBHUHM SIK JOOpHUBA.

[IpakTruHe 3HAYCHHS AWCEPTAIHHOI pOOOTH TOJSITaE y BHPIMIEHHI MPoOIeMu
yTHIII3a11li dKUPOBMICHUX BIAXOAIB HIKIPSHOTO BUPOOHHUIITBA 3 OJIEp>KaHHIM O10rasy.

BusnaueHo kocyOcTpaTu, $KI MOXHAa BHKOPHUCTOBYBAaTH HJisi 3a0e3MeyYeHHs
npotiecy 30poKyBaHHS KUPOBMICHOI CHPOBHHH HITPOTEHOM Ta MIKPOEJIEMEHTAMHU ISt
NIJBULIEHHSI BUXOAYy Olora3y. BcraHoBieH1 palioHaJbHI TEXHOJIOTIYHI HapameTpu
30pOKyBaHHS YKUPOBMICHHX BIJIXOJIIB IO3BOJISIOTH OTPUMATH 010Ta3 3 KOHIICHTPAIII€I0
MeTrany n0 72 %, 10 JA03BOJISE MIJABUIIUTH €HEProeEeKTUBHICTh 3aBOJIIB 3
BUPOOHMIITBA MIKIpH, 3MEHIITUTH aHTPOTIOTEHHUH BIUIMB HAa HABKOJUIITHE CEPEIOBUIIE
Ta 3HU3UTH COOIBapTICTh MpoayKiii. Po3pobieHi TeXHOMOrYHI pillieHHsT aHaepOOHOT
nepepoOKH JKUPOBMICHUX BIJIXO/I1B BIIPOBAKEHO Y TPOCKTHY JOKYMEHTAIIII0 B pO3LTI

«Texnonoris BupobuuutBa» Il «/lepxaBHuii OyniBenbHUN KOMOIHAT YNpaBIIHHSI
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cipaamu  Anapaty BepxoBHoi Pagum VYkpainu» Ta HagaHO peKoMmeHAali s
nignpuemctBa TOB «Cnaay.

BcranoBrneHi 1031 BHECEHHS MepeOpoHKEHOT TBEPI01 Ta PiaKoi (hpakiiii >KUPOBUX
BIJIXOJIIB JJI1 BUPOIIYBAaHHS CLIbCHKOTOCIIOAAPCHKUX POCIHH, IO CTBOPIOE TOAATKOBE
JOKEpENIo MPUOYTKY MPHU OJiepKaHH1 O1oraszy, MiJBUIINY€E €KOHOMIYHICTh BUKOPUCTAHHS
TaKuX JIOOPUB.

PesynpraT mOCHIIKEHh BIPOBADKEHO Y HABYAIBHUH TPOIEC TMiATOTOBKH
¢axiBiiB crnemianbHOCTI 162 «bioTexHOon0r1i Ta 0101HKEHEPIs.

Ocobuctuii BHeCOK 3700yBayda. Pesynpratu poOOTH, SIKi BUKJIQJICHO B AUCEPTAIlli,
0JIep>KaHi aBTOPOM 0co0rCTO abo 3a Horo 6e3nocepeHboi yuacti. [InanyBanHs po6oTH
Ta 0OTOBOPEHHS PE3YJIbTATIB MPOBOJIWIIN CIUIBHO 13 HAYKOBUM KEPIBHUKOM. ABTOPOM
0COOMCTO TIPOBEICHO pO3pOOKYy Ta KOHCTPYIOBaHHS J1abOpaTOpPHOI YCTaHOBKH,
BU3HAUYCHHS palllOHAJbHUX MapaMeTpiB OTpUMaHHsA Oiorasy mpu ¢epMeHTauli
KUPOBMICHOI CHpPOBWHHU, TPOBEJEHHS KodepMeHTalii >XUPOBMICHUX BIAXOAIB 3
PI3HUMH BUJAMHU KOCYyOCTpaTiB, MPOBEACHHS AOCTIHPKEHHS BIUIMBY JAIrecTary Ha picT
pOCIWH, afanTailis aHaepoOHOT acorriaIlii MiKpoopraHi3MiB, CTBOPEHHS almapaTypHHX Ta
TEXHOJIOTIYHUX CXEM OTpUMaHHs Oiorasy.

3a Temor amceprailii omyOiikoBaHO 23 HAyKOBI Tpalrl, y TOMY YHCII:
6 HayKOBHX cTarei, 3 AKuUX 3 cTaTi y HayKoBUX (axOBUX BUAAHHSIX YKpaiHH, sKi
BXOJIATh J0 HAYKOMETPUYHUX 0a3, 1 cTarTs y NepioudyHOMY HAyKOBOMY (haxOBOMY
BUJIaHHI JEp’KaBH, sKa BXOAUTH N0 Opranizailii eKOHOMIYHOTO CIIBPOOITHUIITBA Ta
po3BUTKY Ta €Bpormeiicbkoro Coro3y (YropiivHa), 2 — y IHIIUX BUJAHHAX; | maTeHT
YkpaiHm Ha KOpPHCHY MOJeib; 16 Te3 Ha BCEyKpaiHCBKMX Ta MIDKHApOIHUX

KOH(DEPEHITISX.

KitouoBi cioBa: Oiora3, MeTaH, aHaepoOHe 30pOKyBaHHS, KUPOBMICHI BIIXO/IH,

Ko epMeHTallis, Tociij, aHTUO10TUKH, HOP(PIOKCAIIMH, TETPALIUKIIiH, JIIreCcTar.



SUMMARY

Shynkarchuk A£. Biotechnology of biogas production from fatty raw materials. —
Qualifying scientific work on the rights of manuscript.

Thesis for candidate of Doctor of Philosophy the degree in the specialty 162
Biotechnology and Bioengineering. — National Technical University of Ukraine «Igor
Sikorsky Kyiv Polytechnic Institute», Ministry of Education and Science of Ukraine,
Kyiv, 2020.

The work was done at the Department of Ecological biotechnology and bioenergy
Igor Sikorsky Kyiv Polytechnic Institute.

Today, the leather industry is one of the most highly polluting and toxic industries
due to a wide range of industry waste: organic (mist, fats, wool, blood) and chemical
contaminants (chromium, sulfur, chloride, acids, alkalis, antiseptics). The leather
industry is one of the oldest industries and its environmental impact has been addressed
in Europe since 1998 [5th Framework Program, 1999]. Due to the high environmental
standards set by the EU's environment and climate program "Tannet", scientific
developments to improve environmental performance (reuse of reagents, reduce the use
of toxic compounds in technology) and post-production processes of the leather industry
(reduction of wastewater, waste , have contributed to the reduction of anthropogenic
load on the environment. However, to date, there is a search and implementation of
technologies for "greening™ leather production.

Also facing the Ukrainian production is the problem of diversification of energy
sources [Golub GA, 2015], namely the need to introduce innovative energy-saving
technologies focused on the production of renewable fuels.

Therefore, the urgent task for the leather industry is the processing of fat waste
from energy sources and fertilizers.

The problem of utilization of fat-containing waste from leather production for
biogas production is that such waste is poorly exposed to methane digestion processes
due to the low nitrogen content in the fat and the high concentrations of chemical salts
used in leather production technology. In order to reduce the concentration of

compounds, increase the nitrogen content and increase the biogas yield, the process of
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co-fermentation with N-content is used. It is possible to use birds manure and
agricultural wastes as a cosubstrate, which share is increasing due to Ukraine's European
integration processes.

For the implementation of the process of fermentation of a particular substrate, it
IS important to ensure the rational parameters of the process: the content of dry organic
raw materials, pH, ratio inoculum: substrate and cosubstrates, rational fermentation
time.

The main disadvantage of anaerobic digestion of waste from leather production is
the presence of compounds that inhibit the activities of the anaerobic association of
microorganisms. In the dissertation the rational parameters for the fermentation of fatty
waste are established, the maximum permissible concentrations of chemical compounds
and antibiotics are determined, under which the anaerobic digestion process remains
stable.

To ensure the process of methanogenesis on the basis of fat-containing waste, the
origin and composition of raw materials is an important issue, which will ensure a
rational C / N ratio due to the selection of cosubstrate. Information on rational
cosubstrate for the fermentation of fat-containing raw materials is not available in the
scientific literature; the rational ratio of cosubstrate for fermentation, in which the biogas
and methane yield is maximum, was investigated.

In the dissertation, the different chemical compositions of cosubstrates were
investigated, the use of which in the process of co-fermentation with fatty raw materials
increases the production of biogas and the content of methane in it. Established a
rational ratio of fat-containing raw materials: cosubstrate with a properly selected load
on organic matter contributes to the increase of biogas yield and a stable pH value of the
fermentation medium. It is established that when using manure as cosubstrate with a
rational ratio of fat-containing raw material / manure is 9:1, inoculum / substrate is 1:4;
under such conditions the biogas yield is 84.6 + 3.9 cm® / g of dry organic matter, the

methane content is 56 + 2.7%.
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The technological and apparatus schemes of technology of processing of fatty
waste of leather production are offered. The biotechnology of waste processing involves
the production of gaseous energy - biogas and fertilizers.

It is well known that the digested fraction of methanetanks (digestat) can be used
as an organic fertilizer for growing agricultural crops. However, there are no literature
sources on the use of the fertilizer from the fermented waste of fatty raw materials. The
influence of the amount of digestat introduced into the soil on the growth of the most
common crops are presented in this thesis.

Also, the issue of sewage treatment containing antibiotics remains unresolved and
urgent. The efficiency of anaerobic method of water purification using the antibiotic-
adapted association of microorganisms is substantiated and experimentally proved in the
work. It was determined that the tetracycline-adapted and norfloxacin-adapted
microorganisms of Methanobacterium formicicum and Methanosaeta spp.

The theme of the dissertation corresponds to the directions of science and
technology development «Rational Use of Nature» and innovation activity strategic
priority directions in Ukraine for 2009 — 2020, namely: «Improvement of chemical
technologies, new materials, development of biotechnologies™; "Protection and
rehabilitation of man and the environmenty.

The purpose of the work is to substantiate and develop the technological basis of
biotechnological solutions for the processing of fat-containing waste products of leather
production into biogas.

To achieve this goal it was necessary to solve the following problems:

- to establish rational parameters of the process of anaerobic digestion of fat-
containing waste of leather production in laboratory conditions (composition of the
substrate (including setting the limit level of inhibitory compounds in the substrate), the
ratio of the substrate: inoculum, pH, load on dry organic matter;

- to determine the rational ratio of fat-containing raw materials: cosubstrate for the
process of biogas production and the content of methane in it for different types of

cosubstrates (waste, corn, potatoes and apple pulp);
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- adapt the anaerobic association of microorganisms to antibiotics and identify the
types of methanogens that survive under such conditions;

- to investigate the process of biogas production with the use of an antibiotic-
adapted microorganism association;

- to determine rational concentrations of the liquid and solid fraction of the
degenerate substrate for introduction into the soil during cultivation of agricultural
plants;

- to develop technological and apparatus schemes for processing of fat-containing
production wastes, which are received in the process of preparation of raw materials for
tanning; and to develop recommendations on the feasibility of using biogas from fat-
containing raw materials for processing of non-tanning waste of the enterprise.

The object of the research is biotechnology for the production of biogas from fat-
containing waste from leather production.

The subject of research is the parameters of biogas production in the co-
fermentation of fatty waste production of leather.

Research methods. To accomplish the tasks in the research process was used:
physicochemical methods (pH-metry, etc.) were applied to determine the process
characteristics; gravimetric method was used to determine the amount of dry organic
matter and ash content; gas chromatography was used to determine the qualitative
composition of biogas; molecular biology methods (DNA isolation, polymerase chain
reaction (PCR), sequencing) were used to determine species diversity; to determine the
content of microorganisms, DNA concentrations were used methods of
spectrophotometry; bioinformatic methods were used to process sequencing results.

The methods of graph theory were used with the use of MSExcel and AutoCAD
software.

The following scientific results were obtained for the first time in the dissertation:

- determined the dependence of methane formation on the component composition
of the fat-containing waste of leather production;

- determined the dependence of biogas production on the component composition

of cosubstrates (litter, corn waste, apple pulp) during the co-fermentation of fatty waste;
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- identified the types of methanogens present in the anaerobic association, adapted
to high concentrations of norfloxacin and tetracycline, by DNA sequencing of
microorganisms, enabling the enrichment of the microbial association with these species
to increase biogas output and methane content;

- substantiated the rational conditions of the process of fermentation of fatty raw
materials at high concentrations of salts and antibiotics, which makes it possible to create
technology for the processing of fatty waste products of the leather industry;

-shown the possibility of using solid and liquid waste of digested fatty raw
materials as fertilizer.

The practical significance of dissertation is to solve the problem of utilization of
fatty waste of leather production with the biogas production.

Cosubstrates that can be used to provide a process for the digestion of fatty raw
materials by nitrogen and trace elements to enhance biogas yield have been identified.
Established rational technological parameters of digestion of fat-containing waste allow
obtaining biogas with a concentration of methane up to 72%, which allows to increase
the energy efficiency of tanneries, to reduce anthropogenic impact on the environment
and to reduce the cost of production. Developed technological solutions for anaerobic
processing of fat-containing waste were introduced into the project documentation in
the section "Production Technology" of SE "State Building Combine of Management of
Affairs of the Apparatus of the Verkhovna Rada of Ukraine™ and recommendations for
the enterprise of "Slava™ LLC were given.

The established doses of introduction of the digested solid and liquid fraction of fat
waste for cultivation of agricultural plants, which creates an additional source of profit
when receiving biogas, increases the efficiency of using such fertilizers.

The results of the research have been implemented into the specialists educational
process in specialty 162 «Biotechnologies and bioengineeringy.

Personal contribution of the competitor. All the results of dissertation were
received personally by the competitor or with his direct participation. The work planning
and discussion of the results were carried out together with the scientific supervisor. The

author personally worked out the development and design of a laboratory installation,
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the determination of the rational parameters of biogas production during the
fermentation of fat-containing raw materials, the co-fermentation of fat-containing
waste with different types of cosubstrates, researched the effect of digestate on plant
growth, adaptation of anaerobic association of microorganisms, creation of apparatus
and technological schemes for biogas obtaining.

23 scientific works were published on the topic of the dissertation, including: 6
scientific articles, of which 3 are articles in scientific professional editions of Ukraine,
which are part of scientometric bases, 1 article in the periodic scientific professional
edition of the state, which is a member of the Organisation for Economic Co-operation
and Development (OECD) (Hungary), 2 articles in other editions; 1 patent of Ukraine

for utility model; 16 theses reports at national and international conferences.

Keywords: biogas, methane, anaerobic digestion, fat-containing waste, co-

fermentation, litter, antibiotics, norfloxacin, tetracycline, digestat.
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