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1. BioTexHoJIOriYHEe OTPUMAaHHS €JIeKTPUYHOI €HePTii 3a BUKOPUCTAHHS acoliallii XxeMoopraHoTpodHUX
MIKpPOOpraHi3miB

2. Biotechnological production of electrical energy by the association of chemoorganotrophic microorganisms

Pedepar:

1. ¥ puceprauii Ha OCHOBi TEOPETUYHUX Ta €KCIIEPUMEHTAIBHUX JOCJIII)KEHb BCTAHOBJIEHO TEXHIKO-EKOHOMIYHY
NOLiTbHICTh BUKOPUCTAHHS B CUCTEMAX 6i0JIOriYHOTrO OUUIIEHHS CTIYHUX BOJ, 6i0€/IeKTPOXIMIYHIX CUCTEM JIJIs
OTPUMAaHHS €JIEKTPUYHOI €eHePrii 3a BUKOPUCTAaHHS acolliallii XeMOOPraHOTPOPHUX MiKpoopraHi3Mis. Lle jacts
3MOTY OTPAMYBATH €KOJIOTIYHO YUCTY €JIEKTPUYHY €HEPrilo, NOTyXHICTIO 0,34-0,46 KBT /Kr XCK 3 HU3bKMMU
€HepreTUYHMMU BUTpaTaMu. HanmpauboBaHO METOMKY KyJIbTUBYBaHHS aHOJHOI 6iOMJIiBKY 31 CKOPOYEHOIO Jlar-
$a3o010, sIKa [03BOJISIE OTPUMYBATH IMTOMY IOTYXXHICTb Ha 45?756% BUILY B IIOPiBHSIHHI 3 iCHYI0Y0I0 METOIUKOIO
OJHOCTa[IifHOTO KYJIbTUBYBAaHHS. PO3p06s1€HO KOHCTPYKIIil0 IPOTOYHOI'O MiKPOOHOTO IIAJIMBHOTO €JIEMEHTA 3
MOOIIbBHUMU €JIEKTPOJHMMU 6JI0KaMU 1151 KyJIbTUBYBaHHSI iHOKYJISITY Ta FT€HEPYBaHHSI €JIeKTPUYHOi eHeprii. Takox

PO3pO6JIEHO TEXHOJIOTIYHY CXeMY reHepyBaHHSM €JIeKTPUYHOI eHeprii [1py OYnIIeHHi CTiYHUX BOJ, HA OCHOBI



€KCIIEPMMEHTAJIBHO BU3HAUYEHMX PALliOHAJIbHMX 3HA4Y€Hb TEXHOJIOTIYHYX [1apAMETPIB, a CaMe KOHLIEHTpalii Ta
CKJany cyocTpary, Temreparypy, pH, iHTeHcuBHOCTI nepeMinryBaHHs. [TnTomMa MOTYXHICTh MiKPOGHOTO IIAJIMBHOTO
esnieMmeHTa (3,6-7,5)-10-3BT /M2, a BUIy4eHHs 3a0pyIHIOIOUMX PEYOBUH 3i CTIYHUX BOJ, BiiOyBaeThcs Ha 35-40% (3a

XCK). Kio4oBi cnoBa: 6ioeHepreTuka, MikpoOHUI aauBHUN €JIeMEeHT, EK30eJIeKTporeHe3, 6i0MJiBKa, CTiYHi BOJU.

2. The thesis is devoted to the development of biotechnological method of electricity generation by the association
of chemoorganotrophic microorganisms on the substrates of different origin. It is given the review of up to date
research in the field of bioelectricity generation and proposed theoretical classification of the mechanisms of the
electron flow formation and electron transfer on the insoluble artificial terminal acceptors in chemoorganotrophic
microorganisms that are applied in microbial fuel cells (MFC). This allows to obtain electrical energy with
productivity of 0,34?0,46 kW /kg COD. In the study it was substantiated the methods of investigation of MFC that
are based on measurements both biotechnological and electrochemical parameters of MFC operation. The new
construction of flow-through MFC with mobile electrode blocks was developed within the study. This construction
of MFC has special anodic compartment to provide flow-through conditions of operation and the electrode is
organized in mobile polymer blocks with affixed carbon fiber and conductors. The MFC is applied both for
electroactive biofilm cultivation and for steady-state operation. As the part of mathematical modelling and
calculation it was performed theoretical calculation of electrode potentials based on known thermodynamic
variables. The biomass growth was calculated by Heinen. Also it was proposed the equations for calculation of
energy outputs of flow-through MFC with known values of the hydraulic load, output values by COD, duration of
cultivation and current outputs depends on the design MFC. In dissertation it was proposed the method of two-
stage enrichment of anodic biofilm with exoelectrogens. The method allows obtaining 45-56% higher electrical
densities in comparison with the existing one-step method of cultivation. Besides, secondary biofilm reaches
steady-state operation mode two times faster than one-step method. It was substantiated the rational
technological parameters of the process for exoelectrogenic biofilm cultivation. Thus, the rational values of the
temperature are in range 30-35?C and pH values are in range 7-8 units. Also it was substantiated that it is
necessary to provide mass-exchange in anodic compartment. Based on study of biofilm cultivation it was proposed
the stage of anodic biofilm cultivation as a part of technological work-flow of electricity generation in MFC with
wastewater treatment. Also it was investigated three different substrates, acetate, glucose and artificial
wastewater, as the main carbon source for exoelectrogens. It was examined cultivation modes, both periodic with
period durations of 6-8 days and continuous-flow with hydraulic loads in diapason 1,1-1,3 m3 /(m3*day). It was
shown that wastewater can be used as the substrate MFC as well as acetate and glucose. The specific current
density of MFC is (12-15)-10-3 A/m2 at Rex=0,5? and the potentials of the anode are -0,38-(-0,32) V (rel. Ag /AgCl).
Taking into consideration MFC power density and biofilm growth the rational value of substrate concentrations
are 0,8-1,5 gO2 /1. Power density of microbial fuel cell is 3,6?7,510-3 W/m2, and wastewater treatment efficacy is
35-40% (in values of COD). Based on study of MFC operation with artificial wastewater it was developed
technological work-flow of electricity generation in MFC during wastewater treatment. It was calculated that the
use of four MFC-bioreactors with 380 m3 volume is giving electricity outputs 9?18,7 kW /month. The cost of
sewage treatment grows by 2.6 hrn/m3 for 5 years of operation. Thus, in dissertation it was substantiated the
rational parameters of biotechnology electricity generation using association of chemoorganotrophic
microorganisms. It was theoretically and experimentally proven technological possibility to generate electricity
during wastewater treatment and developed technological workflow of electricity generation in microbial fuel
cells. Keywords: bioenergy, microbial fuel cell, bioelecricity, exoelectrogens, biofilm, wastewater treatment.
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