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CMOHCOpIB Ta pekomeHgoBaHi o nyo6nikauyii y BicHUKy «KIl im. Iropa CikopcbKoro», cepisi
«XiMiyHa iH)XeHepisl, ekonorisa Ta pecypco3oepexeHHs» (http:/lchemengine.kpi.ua). >XypHan
BKNKOYEHO A0 kaTteropii "b" MNepeniky HaykKoBUX dpaxoBuxX BMAaHb YKpaiHK 3a cneuliasibHOCTaMK: 161
XiMiuHi TexHonorii Ta iHxeHepisa; 133 MNany3ese MawmHob6yayBaHHA; 101 Ekonoris (BignosigHO A0
HakasziB MOHY Ne 1643 Big 28.12.2019 p. Ta Ne 409 Big 17.03.2020 p).

CnnaTa opraHisauiiHoro BHecKy BigOyBa€eTbCA NULLIE NICAS OTPUMAHHS YYACHUKOM MiATBEPAKEHHS
OprkomiTeTy Npo Moro Aonyck A0 yyacTi y KoHgoepeHLUiT.

PekBi3uTn g1 6e3roTiBKOBOI Onsatyv OpreHecKky OyayTb MOBIAOMJIEHI yYacHMKaM KOHMpepeHuii y
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HAZARDOUS ORGANIC WASTE AND PRODUCTION OF VALUABLE PRODUCTS

Oleksandr TASHYREV!?, Vira HOVORUKHA?, Olesia HAVRYLIUK?, Iryna BIDA?,
Galyna GLADKA?, Larisa YASTREMSKAYA3
YInstitute of Environmental Engineering and Biotechnology
ul. Kardynata Kominka 4 45-035, Opole, Poland
?Institute of Microbiology and Virology of the National Academy of Sciences of Ukraine,
Zabolotnoho 154 str., 03143 Kyiv, Ukraine
3National Aviation University
Lyubomira Guzara Ave., 1, Kiev, 02000, Ukraine
e-mail: oleksandr.tashyrev.uni.opole.pl

Abstract

The work describes the creation on the basis of thermodynamic calculations of universal
biotechnology, which ensures fast and effective fermentation of environmentally hazardous waste
while obtaining a number of commercially valuable products. A biofermenter with an optimized
design for fast and efficient fermentation of waste has been developed. It is shown that the
biofertilizer obtained from solid organic waste is suitable for optimizing the cultivation of
vegetables and other agricultural crops.

Key words: thermodynamic prognosis, anaerobic treatment, organic waste, hydrogen
fermentation, methane fermentation, environmental biotechnologies.

Currently, the environment is continuously polluted by organic waste. Solid organic waste is
produced in the greatest volumes, namely multi-component food waste and agricultural waste. In
landfills, this waste rots, releasing huge amounts of toxic volatile and liquid organic waste. Modern
technologies cannot ensure effective processing and detoxification of such waste, which leads to
catastrophic environmental pollution. Hence, the need to create new effective waste treatment
technologies is obvious.

The comprehensive microbial biotechnology for the accelerated treatment of environmentally
hazardous organic waste to obtain valuable products from them was developed by us.
Biotechnology is based on thermodynamic calculation of optimal conditions for the fermentation of
organic waste with the formation of hydrogen. It has been shown that effective fermentation of
solid natural polymers (organic waste) needs pH = 7.0 and Eh = - 414 mV (picture 1).

A wide range of organic wastes have been examined: solid organic waste — multicomponent food
and agricultural waste and liquid waste — industrial organics containing wastewater, dumps
leachate, etc. Fermentation was significantly accelerated by the use of Granular Microbial
Preparation (GMP), consisting of concentrated biomass of H»- or CHs-synthesizing bacteria
(picture 2).

We have developed a biofermenter with an optimized design for fast and effective waste
fermentation (picture 3). The following optimized engineering and technological parameters were
obtained during fermentation. The duration of fermentation Td (detention time, days) was from 3 to
7 days. The degradation coefficient Kd (the ratio of the initial and final content of waste) is close to
80 — 110. The yield of gaseous energy carriers was 100-110 L H/kg and 50-60 L CHua/kg of solid
waste. At hydrogen fermentation the gas content was 40...50% H> and 50...60% CO., and at the
methane fermentation - 60% CH4 and 40% CO [1].

Dry unfermented lignin cellulose waste residues are dry solid fuel (30 g/kg of solid waste). After
additional aerobic fermentation, biofertilizer can be produced from unfermented residues (20 g/kg
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of solid waste). Biofertilizer obtained from solid organic waste is suitable to optimize the
cultivation of vegetables and other agricultural crops. Due to additional methane fermentation, the
content of soluble organic compounds in the leachate is reduced from 200 - 220 mg/l C, and the
methane yield is 1 liter/liter of leachate [2]. Purified water after the treatment of liquid organic
waste (dump leachate etc.) is suitable for the irrigation of agricultural fields [3].
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Picture 1. Thermodynamic calculations: optimal conditions for hydrogen and methane fermentation
- pSh =7.0 and Esh = - 414 mV. Acidification or alkalization leads to a significant shift in the redox
potential away from the optimal value of the redox potential and inhibition of fermentation.
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Picture 2. Granular Microbial Preparation (GMP), consisting of concentrated biomass
of H2- or CH4-synthesizing bacteria.
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Picture 4. Producing the number of commercially valuable products
from ecologically dangerous solid organic waste.
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Table 1. Text.
Text Text Text Text
Text Text Text Text
Text Text Text

Thus, on base of thermodynamic calculations, we have created a universal biotechnology that
provides fast and effective fermentation of environmentally hazardous waste while simultaneously
producing a number of commercially valuable products (picture 4)

Scope of application and implementation of Biotechnology is the next:

1. Adaptation of biotechnology to customer requirements and its further industrial
implementation.

2. Creation of industrial biotechnologies for the production of valuable products from waste,
replication and sale of technologies on international markets.

References

1. Hovorukha, V.; Havryliuk, O.; Gladka, G.; Tashyrev, O.; Kalinichenko, A.; Sporek, M.;
Dothanczuk-Srodka, A. Hydrogen Dark Fermentation for Degradation of Solid and Liquid Food
Waste. Energies 2021, 14, 1831. https://doi.org/10.3390/en14071831.

2. Tashyrev, O.; Hovorukha, V.; Havryliuk, O.; Sioma, I.; Gladka, G.; Kalinichenko, O.;
Wiodarczyk, P.; Suszanowicz, D.; Zhuk, H.; Ivanov, Y. Spatial Succession for Degradation of Solid
Multicomponent Food Waste and Purification of Toxic Leachate with the Obtaining of
Biohydrogen and Biomethane. Energies 2022, 15, 911. https://doi.org/10.3390/en15030911.

3. Hovorukha, V.; Havryliuk, O.; Gladka, G.; Kalinichenko, A.; Sporek, M.; Stebila, J.;
Mavrodi, D.; Mariychuk, R.; Tashyrev, O. Detoxification of Copper and Chromium via Dark
Hydrogen Fermentation of Potato Waste by Clostridium butyricum Strain 92. Processes 2022, 10,
170. https://doi.org/10.3390/pr10010170.



https://doi.org/10.3390/en14071831
https://doi.org/10.3390/en15030911
https://doi.org/10.3390/pr10010170

- 3PA30OK O®OPMJUIEHHSA MATEPIAJIIB TOITOBII -

BIOTEXHOJIOI'TA 3bPO/I’KYBAHHA EKOJIOI'TYHO HEBE3ITEYHUX
OPI'AHIYHHUX BIAXOAIB TA OTPUMAHHSA HIHHUX ITPOAYKTIB

Onexkcangp TAILIMPEB,

Tnemumym exonoeiunoi indicenepii ma 6iomexHon02ii,
ul. Kardynata Kominka 4 45-035, Opole, Poland
Tnemumym mixpobionoeii ma sipyconoeii HAH Yxpainu,

ByJ1. Akaj. 3abonotHoro, 154, M. Kuis, 03143, YkpaiHa,
https://orcid.org/0000-0002-7698-5155.

Bipa TOBOPYXA

Incmumym exonozciunoi indicenepii ma 6iomexnonoeii,
ul. Kardynata Kominka 4 45-035, Opole, Poland
Incmumym mixpo6ionoeii ma eipyconoeii HAH Ykpainu,
ByJI. Akan. 3abonorHoro, 154, m. Kui, 03143, Vkpaina,
https://orcid.org/0000-0003-4265-5534.

Onecs 'TABPUJIIOK
Tnemumym mixpobionoeii ma sipyconoeii HAH Yxpainu,

ByJ1. Akaj. 3abonotHoro, 154, m. Kuis, 03143, YkpaiHa,
https://orcid.org/0000-0003-2815-3976.

Ipuna BIJTA
Incmumym mixpo6ionoeii ma eipyconoeii HAH Ykpainu,

ByJI. Akan. 3abonorHoro, 154, m. Kuis, 03143, Vkpaina,
https://orcid.org/0000-0002-7044-3339.

lNanuna I''TAZIKA
Tnemumym mixpobionoeii ma sipyconoeii HAH Yxpainu,

ByJ1. Akaj. 3abonotHoro, 154, M. Kuis, 03143, YkpaiHa,
https://orcid.org/0000-0003-3855-1847.

Jlapuca ACTPEMCBKA

Hayionanenuu asiayivinuii ynisepcumem,

np. Jlrobomupa I'y3apa, 1, m. Kuis, 02000, Ykpaina,
https://orcid.org/0000-0002-5832-0360.

AHoTanisa

PoGora ommcye CTBOpeHHS Ha OCHOBI TEpPMOAMHAMIYHUX PO3PaXyHKIB YHIBEPCAIbHOI
OioTexHoJOr], siKa 3a0e3nedye MmBUAKE Ta e()EeKTUBHE 30pOJKYBAaHHS EKOJOTIYHO HEOe3MeuHUX
BIIXOMIB 3 OJHOYACHUM OTPUMAHHAM POy KOMEPIIHHO IIHHUX HPOAYKTiB. Po3pobieHo
O0ioepmeHTep 3 ONTHUMI30BAHOI KOHCTPYKIIEI JUIS IIBUIKOTO Ta €(QEKTUBHOTO OpoOJiHHS
BigxoniB. [Tokazano, mo 6i0100pMBO, OTPHUMaHE 3 TBEPAUX OPraHIYHUX BIIXOMIB, MiIXOAWUTH IS
ONTHMI3aIli] BUPOIIYBaHHS OBOYIB Ta IHIIUX CUTECHKOTOCHOIAPCHKUX KYIBTYP.

Kiro4oBi cjoBa: TepMogrHaMidHE MPOTHO3YBaHHS, aHACPOOHE OYMIIICHHS, OPTaHIYHI BiJIXO/H,
BOJIHEBE 30pO/KyBaHHS, METaHOBE 30pOKyBaHHS, IPUPOTOOXOPOHHI 010 TEXHOJIOTI].



