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2. Development and study of carbonaceous raw materials conversion process using plasma technologies

Pedepar:

1.V nucepraniiiiniil po60Ti Bu3HaUeHi NOTEeHIiliHi TOKa3HUKU €eHePTreTUYHOi e(PeKTUBHOCTI MpolleciB KOHBepCii
HeOe3MeYHUX BiIX0iB K BiJHOBJIIOBAHOI BYIJIELI€BMiCHOI CUPDOBMHU 3 BUKOPMCTAaHHSM I1JIa3MO-TIapOBUX
texHoJorii. CtaBusack 3asiava ix ontumisanii Ha npukiazi razudikanii JOHHUX MYJIiB CTaHIi aepauii 3 TOYKU 30py
[o/1a/IbIIOI KOMepliianizalii Takux TexHoJorii. 17 ycnimHoi KoMepuiasnizanii X TeXHOJIOri BaXKJIMBO JOOUTHCD
BHCOKOI €HEPreTUYHOI e(PeKTUBHOCTI — TaK 1100 OTPMMYBaHUI B pe3yibTaTi razudikallii eHepreTM4HUi pecypc 6yB
IIOCTaTHIM HE TUJIbKU [1J151 EHEPreTUYHOro camo3abesnedyeHHs pob6oTu ra3audikaTopa, a i [y BUPOOHUIITBA
IOATKOBOI eHeprii 30BHIHIM criosknBayaM. Came Ha BUpilIeHHS Liei Ipo6ieMy OpieHTOBaHa, B KiHLIEBOMY
PaxyHKYy, s gucepratiiiHa po6oTa. ExcriepruMeHTabHi JOCiIKeHHS IPOBOANINCS Ha YCTAaHOBL 111 razudikartii
BYIJIELI€BMICHOI CHPOBUHU Ha OCHOBi CepilfHOro MajIoNOTY>KHOTO M1a3MOTpOHa «MysbTumias-3500». Bona 6ysa
CTBOpeHa B IHCTUTYTI ByrinbHUX eHeproTexHoorii HAH Ykpainu crinbHO 3 IncTuTyTOM rasy HAH Ykpainm.

[TpoBeneHo naa3mo-napoBy ra3udikallilo MBUIKO3POCTAIYUX BOJOPOCTEH, BOLOMYJIOBOI CyMillli, JOHHOT'O MYJy,



Oyporo Byrijs, TBEPIUX IOOYTOBUX BiXOJiB Ta 6ioeTaHoy. [IoKa3aHo, 10 BCi BOHU B yMOBAaX TaKOTo IIPOLIECY €
IKepeJioM 30araueHoro BOAHEM CHHTe3-Tasy. JocimpKeHo mpolec 111a3MoBoi KoHBepcii 60%-ro po3unHy eTaHoJy.
[TokaszaHo, 110 NajyUBHI BUTPATX Ha BUPOOHUILITBO BOAHIO IIPY KOHBEPCIi eTaHoIy cKlafaioTs, — 16.50 rpH /11, ipu
BapToCTi BOAHIO 37,5 TpH /1. OTprMaHa B pe3yJbTaTi TEPMOJMHAMIYHUX PO3PaxyHKiB Ki/IbKiCHA OLliHKa
€HepreTUYHoi e(peKTUBHOCTI poliecy 71a3MO-T1apOBOi KOHBEPCii JOHHMX MYJIiB CTaHLill BOJOOYUIIEHHs. BoHa
CBiZJYUTb, 110 TEXHOJIOTI] Ha ii OCHOBI MOXYTb (PYHKLIIOHYBaTH B PEXKUMi, 67IM3bKOMY [0 €HEPreTUYHOT O
camo3abesnedyeHHs. BuU3HaueHo, 110 N0JAaTKOBE iCTOTHE MifiBUIIEHHS] €HepreTU4HOI €(PeKTUBHOCTI KOHBEPCIi
IOCSITAETHCS IPY YACTKOBOMY HAZJIMIIKOBOMY BBEJICHHI B YMCJIO PeareHTiB KUCHIO. Lle 103BoJIsie BUPOOJISTU
IOIATKOBY €JIEKTPOEHEPrilo B pe3yJIbTaTi epepoOKu MYJIOBUX OCAliB CTIYHMX BOJ, HaBiTh 3 ypaxyBaHHIM
IOATKOBOI BUTPATU €JIEKTPUYHOI eHeprii Ha BiTpu@ikallito MiHepasbHOI YaCTMHY JOHHOIO MYJIy, 110 MiCTUTb B
CBOEMY CKJIaJli BaXKKi MeTa/I. B eKOHOMIYHUX peastisix HaliOHa/IbHOI €KOHOMIKY Lie 6yzie CIPUSITA KOMepLiasi3arii
TaKOTo POJly TEXHOJIOTIH. 3 ypaxyBaHHSM BU3HAYEHNX [TOKa3HUKIB ra3udikalii 1boro npotecy 6yB MiAroToBIeHnl
KOHKYPCHUI IPOEKT «Po3po6ieHHs napo-I1y1a3MOBOi TEXHOJIOTI] NepepoOKu IOHHUX MYJIiB CTaHLil aepalii» 3a
nigTpMMKKU MiHicTepcTBa OCBITH 1 HayKy YKpaiHu. BiH oTpuMaB CcTaTyc Aep>KaBHOTO 3aMOBJIEHHS Bill[IOBiHO 10
[Noctranosu Kab6inety MinictpiB Ykpainu Bif 27 nunHs 2016 p. N2476 «IIpo nepkaBHe 3aMOBJIEHHSI HA HAYKOBO-
TexHiyHi (eKcreprMeHTasIbHi) pO3pOOKU Ta HAYKOBO-TEXHIUHY MpoAayKLiio y 2016 pori». HuHi 11eil mpoeKT akTHBHO

BUKOHYeThCS [HCTUTYyTOM rady HAH Ykpainu.

2. The potential indicators of conversion processes efficiency of hazardous waste as a renewable carbonaceous
raw material using plasma-steam technologies are determined in dissertation work. The task of optimizing them
was presented on the example of gasification of sewage sludge of wastewater treatment plants in terms of further
commercialization of such technologies. In order to successfully commercialize these technologies, it is important
to achieve their high energy efficiency - so that the energy resource resulting from the gasification is enough not
only for the power self-sufficiency of the gasifier, but also for the production of additional power to external
consumers. So this thesis, focused to resolve, ultimately, this problem. Experimental studies were carried out at
the equipment for gasification of renewable carbonaceous raw materials on the basis of a serial low-power plasma
torch "Multiplaz-3500". It was created at the Institute of Coal Energy Technologies of the National Academy of
Sciences of Ukraine together with the Institute of Gas of the National Academy of Sciences of Ukraine. The
processes of various types of solid organic fuels and waste like brown coal, fast growing algae, wood chips, water-
sludge mixture and sewage sludge of wastewater treatment plants, as well as the conversion of bioethanol into
synthesis gas were investigated. It is shown that all of them in the conditions of this process are the source of
hydrogen-enriched synthesis gas. The process of plasma conversion of 60% ethanol solution is studied. It is shown
that the fuel consumption for hydrogen production at the conversion of ethanol is 16.50 UAH / liter, at the cost of
hydrogen 37.5 UAH / liter. The quantitative estimation of the energy efficiency of the process of plasma-steam
conversion of the sewage sludge of wastewater treatment plants are obtained as a result of thermodynamic
calculations. It shows that the technologies based on it can operate in a mode close to energy self-sufficiency. It is
determined that an additional significant increase in the energy efficiency of conversion is achieved with the
partial excessive introduction into the number of oxygen reagents. This allows to produce additional electricity as
a result of processing sewage sludge of wastewater treatment plants, even taking into account the additional
consumption of electricity on the vitrification of mineral part of the sewage sludge, containing heavy metals in its
composition. In the economic realities of the national economy, this will promote the commercialization of this
kind of technology. Taking into account the specified indicators of gasification of this process, a competitive
project «The development of steam-plasma technology of aeration stations sewage sludge conversion» was
prepared with the support of Ministry of Education and Science of Ukraine. It has the status of a state order in
accordance with the Resolution of the Cabinet of Ministers of Ukraine of July 27, 2016, N0.476 «On State order for
scientific and technical (experimental) development and scientific and technical products in 2016». Currently, this
project is being actively implemented by the Institute of Gas of the National Academy of Sciences of Ukraine.
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