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Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYEHO JOCIiIPKEHHIO, SIKE 30CePeIKYEThCSI Ha €HEePreTUYHUX 3acaiax
YIOCKOHAJIEHHS TEXHOJIOTIi Ta 06s1afHaHHS Topedikalii 6iomacy AJ1s1 MiBUILLLEHHS TEMJIOTBOPHOI 30aTHOCTI
niposisHoro razy. Ha nanuii yac nicsst HadTy, razy Ta Byrijuist 6iomaca € 4eTBepTUM 32 BEJIMYMHOIO €HepreTUYHUM
pecypcoMm y CBiTi. BpaxoBylouu arpapHy CIIpsSIMOBaHICTb €eKOHOMIKM YKpaiHu, 6ioeHepreTuka € ofHiero 3
HaWNePCIEeKTUBHIIINX CKIIAOBUX ii BITHOB/IIOBaHOI eHepreTuky. Ha naHui yac YkpaiHa € gy>ke BaKJIMBAM IPaBLEM

y [J1I00aJIbHIN €HepreTU4Hil 6e3Meli Ta MOJiTUL Moo 6ionanuba. 3anacu BUKOINHUX NaJIMBHUX PECYPCiB B YKpaiHi



obMesxeHi. JI71s1 3aI0BOJIEHHS HAssBHOTO MOIUTY JOBOAUTBCS iIMIIOPTYBATH iX 3HAYHY YACTVHY, IO CTBOPIOE OCHOBHY
npo6seMy eHepreTuyHoi 6e3nexu kpainu. OTprMaHHs eHeprii 3 6iomacy HabyJI0 IMHAMIYHOTO PO3BUTKY Y 6aratbox
KpaiHax CBiTy 4epes Te, 10 iHTEHCHMBHE 3pOCTaHHS PUHKY BiJHOBJIIOBAHMX IPKEPEJI EHEPTii Mae He yniIe
€HEepPreTMYHMI, a 11 €KOJIOTiYHMI acneKT. Takuil cTpaTeriYyHuil HalpsiM BUKOPUCTAHHS €HePrii BioBigae ymoBam
CTaJIOro PO3BUTKY IJIAHETHU Ta CTabiJIbHOrO €EKOHOMIUHOTO iCHYBaHHS cycrinbeTBa. biomaca, Ha BinMiHy Bif iHIINX
Bi[IHOBJIIOBAaHUX JPKEPEJI, € YHiBEPCAJIIbHUM JIKEPEJIOM €HEPTii, SIKe MOKe BUKOPHUCTOBYBATUCS SIK 17151 BUDOOHMIITBA
€JIEKTPUYHOI Ta TEIJIOBOI €Heprii, Tak i 7151 oTpMMaHHs 6ionanyBa Ha TPAaHCIOPTHI NoTpebu. [lepBuHHE
nepepoo6JIeHHs 6ioMacu MOXKe Bifj0yBaTUCh LIJIIXOM IPAHYJIIOBAHHS, B PE3YyJIbTaTi YOr0 OTPUMYIOTh TBEPi NaJMUBHI
rpanysin. OJHaK 3 OTJIsy Ha BUCOKY TirpOCKOIIYHICTh aJIMBHUX TPaHyJI, MOTPiOGHO 3a6e31edyBaTH 0COOINBI YMOBU
1181 iX TPAHCIIOPTYBAHHS Ta 36€piraHHs: IpY MOTPAIUISIHHI BOJIOTY BOHU IIBUAKO HAOyXalTh Ta PO3IAZal0ThCs Ha
BUXiHI YacTUHKY 6ioMacu. OJHUM 3 e(peKTUBHUX CITOCO0iB TIEPBUHHOI 06pOOKY H6ioMacu € mpoliec ii Topedikaliii.
AKTyasnbpHICTb AOCIiIKEHHS TI0JISITa€ Y BAOCKOHAJIEHHI TeXHOJIOTii Topedikallii Ta o6i1agHaHHs A7 ii BAKOHAHHS 3
MeTOol0 e(DeKTHBHOIO IIepeTBOPEHHS 6ioMacu B €HepreTUyHi POAYKTH 3 BUCOKOIO TEIJIOTBOPHOIO 31aTHiCTIO. [Tif,
yac npouecy ropedikanii BifdyBaeTbCst BTpaTa Macu CUPOBUHY, SIKA BiATIOBifjae€ CyMi PiIKUX i Ta30BUX IPOIYKTIB,
110 YTBOPIOIOTHCS BHACJIJOK XiMiYHMX IIepeTBOpeHb. Ha Hally IymKy, LS cyma BKa3ye Ha e(peKTUBHICTb
nepetrBopeHHs 6iomacu. Tomy nnapameTp «eQeKTUBHICTb ITepeTBOPEHHS 6ioMacu» B poOOTi 6y10 BUKOPHUCTAHO SIK
IIOKAa3HMK 11 OL[iHKY IIPOXOKEHHS Mpolecy Topedikallii. BaxkiMBUM pe3ysibTaToM JOCIIIPKEHD € Te, 110 32
IOTIOMOTOI0 npolecy Topedikalii BiioyBaeTbCs NEepeTBOPEHHs 6iomMacu Ha “3eJieHe 6i0JI0TiuHe BYTis” 3 BUCOKOIO
TEIJIOTBOPHOIO 371aTHIiCTI0. OTpUMaHHS 6iOBYTiJIJIA — 1ie €BOJIIOLis ITasuBa 3 6ioMacy Ta Ha CbOTOHI € HOBUM
HaIpsIMKOM B eHepreTulii. [Ipogykramu riponecy Topedikaliii, Kpim 6i0Byrisis, € JeTKi KOHIEHCOBaHi peYOBUHHU.
OCHOBHI 3 HUX 1i€ - OLITOBA KMCJIOTA i METAHOJI. B poOOTi BCTaHOBJIEHO 3aKOHOMIPHOCTI YTBOPEHHS LIUX
HaTypaJibHUX OPraHiuHMX PEYOBUH Ta 3alIPONOHOBAHO cepHU IXHbOTO BUKOPUCTaHHS. PO3p061€eHO HOBY
TEXHOJIOTiI0 30araueHHs MipoJIi3HOro raszy o CUHTe3-ra3y Ha OCHOBiI BUKOPHCTaHHS KaTali3aTopiB-copOeHTiB. [ls
IIPOBEJIEHHS JOCJIiIKEHb MU BUKOPMCTOBYBaJIM KaTasizatop copbeHT CaO - HeraueHe BaHo. 3aBAsSKU
[IPOBEIEHHIO KAaTaJIiTUMHOTO NPOLieCy 30araueHHs! MipoJIi3HOro razy 0yj10 OTPUMAaHO CUHTE3 a3 3 BUCOKMM BMICTOM
BOJIHIO B MeXax 51% - 53%. Ha 0CHOBi OTpMMaHOro 36arau€Horo CUHTE3-ra3y po3po6IeHO HOBY TEXHOJIOTII0
BHPOOHHUILITBA METAHOJY, sIKa Iepejdayae KOMOIHOBaHi nepepobsieHHs IPUPOAHOro ra3y Ta 6ioMacu.
BripoBakeHHS po3p006sIeHOI TEXHOJIOTI] J03BOIUTh CTabi/li3yBaTH IOCTaYaHHS CUPOBUHY HIJIIXOM JBOX
HEe3aJIeXXHUX JIKepeJl, 30ibIIUTH OTYXHICTb NiJIIPUEMCTBA 1711 BUPOOHULITBA MeTaHoJy Ha 30% 3a paxyHOK
BiJHOBJIIOBAJILHOTO «3€JIEHOT0» METAHOJIY, 3MEHIINUTY IIMTOMI BUTPATH Ha OJVHULIIO MPOAYKIii Ta 3MEHIINTH
Co6iBapTicTh roToBOi NpoayKuii. HOBi TexHOJOrYHI pillleHHS [03BOJISIOTh 3MEHIIUTY IUTOMI BUTPaTH Ha
BMPOOHULITBO IPOAYKLi Ta MPY BiANOBIZHNX YMOBAaX OTPUMYBATH METAHOJI MEHIIOI BAPTOCTi HiXX OTPUMaHUN
KO>XKHUM i3 crioco6iB okpeMo. OTxe, AUCePTallisl IPONOHY€E KOMIUJIEKCHUI MiIXif 10 PO3B'sI3aHHS IPO6IEeMU
e(eKTUBHOTO NIEPETBOPEHHS 6i0MAaCcU B €HEPTeTUYHI IPOAYKTU 3 BUCOKOIO TEILJIOTBOPHOIO 3/IaTHICTIO Ta

[TIOKPALEHHS €KOJIOTTYHOI CUTYyallii 32 LBOTO.

2. The dissertation is devoted to research that focuses on the energy principles of improving the technology and
equipment for the torrefaction of biomass to increase the calorific value of pyrolysis gas. Currently, Ukraine is a
very important player in global energy security and biofuel policy. Given the agrarian orientation of Ukraine's
economy, bioenergy is one of the most promising components of its renewable energy. Ukraine is an important
player in global energy security and biofuel policy. Fossil fuel resources in Ukraine are limited. To meet the current
demand, a significant part of them has to be imported, which creates the main problem of the country's energy
security. Obtaining energy from biomass has gained dynamic development in many countries because the
intensive growth of the renewable energy market has not only energy but also an environmental aspect. Such a
strategic direction of energy use meets the conditions for sustainable development of the planet and the stable
economic existence of society. Biomass, unlike other renewable sources, is a universal source of energy that can
be used both for the production of electricity and heat energy and for obtaining biofuel for transport needs.
Primary processing of biomass can be carried out by granulation, as a result of which solid fuel pellets are
obtained. However, due to the high hygroscopicity of fuel pellets, special conditions are required for their



transportation and storage. When exposed to moisture, they quickly swell and disintegrate into the original
biomass particles. One of the effective methods of primary processing of biomass is its torrefaction process. The
relevance of the study is to improve the torrefaction technology and equipment for its implementation to
effectively convert biomass into energy products with high calorific value. During the torrefaction process, there is
a loss of raw material mass, which corresponds to the sum of liquid and gaseous products formed as a result of
chemical transformations. In our opinion, this sum indicates the efficiency of biomass conversion. Therefore, the
parameter - the efficiency of biomass conversion in the work—was used as a criterion for assessing the progress of
the torrefaction process. The products of the torrefaction process, in addition to biochar, are volatile. The main
ones are acetic acid and methanol. The work establishes the regularities of the formation of these natural organic
substances and proposes areas of their use. A new technology for enriching pyrolysis gas to synthesis gas based on
the use of catalysts-sorbents has been developed. For the research, we used the catalyst sorbent CaO-quicklime.
Thanks to the catalytic process of enriching pyrolysis gas, synthesis gas with a high hydrogen content in the range
of 51%-53% was obtained. Based on the obtained enriched synthesis gas, a new technology for methanol
production has been developed, which involves the combined processing of natural gas and biomass. The
implementation of the developed technology allows for stabilizing the supply of raw materials through two
independent sources. This increases the capacity of the enterprise for methanol production by 30% through
renewable-green methanol, reducing unit costs per unit of production and reducing the cost of finished products.
New technological solutions allow for reducing unit costs for product production and, under appropriate
conditions, obtaining methanol of lower cost than obtained by each of the methods separately. Ultimately, the
dissertation offers a comprehensive approach to solving the problem of efficient conversion of biomass into
energy products with high calorific value and improving the environmental situation at the same time.
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IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: IBaHo-PpaHKiBChKUI1 HAl[iOHATBHUI TEXHIYHMIT yHIBEpCUTET
Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ1. Kapniatceka, 6ya. 15, IBano-®pankiBcek, 76019, Yrpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETCHKUI



VIII. 3akr04Hi BimoMocTi
ByacHe IlpizBume Im'st Ilo-6aThKOBI I'pyns Bonopumup fIpociiaBoBuy

TOJIOBH paju

BaacHe IlpizBuiie Im's ITo-6aTbKOBI I'pyns Bonoaumup fpocnaBoBuy

rOJIOBYIOYOTO Ha 3acCifiaHHi

BigmoBizasibHU 32 MiATOTOBKY INanyyx AHpiii MupociaBoBuy

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiJaJIbHUM 3a PEECTpalLilo HayKoBoi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




