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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 Hz- or CHa-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 Hz/kg and 50-60 L CHa/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% CO2 [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
of solid waste). Biofertilizer obtained from solid organic waste is suitable to optimize the
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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].

Eh, mV
+1400 -
H
11200 1T ~= i
+1000 - T~ 814 mV
+800 - Hydrolysis of i, 3
+600 4= ~. carbohydrate e BRI
polymices; Aerobic zone il
+400 7 [CﬁHlloﬁ]n =7~ — * 4 T L — d
+200 4> NCeH;;0+2H,0->  +200mV Hydrolysis of 1
—» 2CH,COOH+2CO.+4H, } [~ ~ _ Protein polymers
0T~ T
i SV p;f <z Anaerobic L E2+ CO, + NH," + NH,
=200 = Eh._ Zone TR
Aci I,gg —414mV N
-400 - Wiy, .. MV T
el \1 ' \ep}f = 10
= CH,COOH ~ Zhs
_800 - 5 CH, : co, A”‘ﬂbzd - ___f'S :::1, -
n
-1000 - ; RmE
-1200 ¢ |
-1400 -I |
L] | | L] L] L] ] ] ]
0 2 4 6 7 8 10 12 14 16 pH

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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)]
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Dry non-digested
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Solid fuel -
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organic waste

Aerobic fermentation Biofertilizer - lignocellulosic substrate (LCS)

Ammonifying | [== - g 4
bacteria c

7.2x10"CFU/g

Free-living
diazotrophs
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Seminar Tazhyrer,23.03.2023

Picture 4. Producing the number of commercially valuable products
from ecologically dangerous solid organic waste.
Table 1. Text.
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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.
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AHoTalisa

PoGota omnmcye CTBOpEHHS Ha OCHOBI TEpMOJMHAMIYHMX pPO3paxyHKIB yHiBepCalbHOI
OioTexHosorii, sKka 3abe3nedye MBUIKE Ta €)EKTUBHE 30pOHKYBAHHS E€KOJOTIYHO HEOE3NMEeUHUX
BIIXO/IB 3 OJHOYACHUM OTPHMAaHHSAM pAIy KOMEpPLIHHO IIIHHUX MNpOoAyKTiB. Po3pobiieHo
OloepMeHTEp 3 ONTHUMI30BAHOK KOHCTPYKIIIEIO I IMIBHJAKOTO Ta €()EeKTUBHOTO OpOJIIHHS
BigxomiB. [Tokazano, mo 6i07400pHBO, OTpUMaHE 3 TBEPAUX OPTaHIYHUX BIAXOJIB, MiIAXOTUTH IJIs
OTNTUMI3aIlil BUPOIIYBaHHS OBOYIB Ta 1HIIUX CUIBCHKOTOCIIOAAPCHKUX KYJIBTYP.

Kuro4oBi cjoBa: TepMoarHaMidHE MPOTHO3YBaHHS, aHACPOOHE OYMIICHHS, OPTaHiuHI BiIXO/IH,
BOJIHEBE 30pOKyBaHHSI, METaHOBE 30pOKyBaHHS, PUPOAOOXOPOHH1 O10TEXHOJIOTI].
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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.
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Kpok. 3. CTBOpeHHA HOBOIrO pyKOMucy.

Matepiann MXHAPOAHCT HayKOBO-NPaKTHUHOT KOHGE... 3aspanms o Q@ Yrpaincska ® Mepernanyt caitT & danben

MopaHHa
[

Mos yepra Apxisu | 2
MNopakua nuepr s ® Jonomora

MpuzHayeHi meHi Q  Mowyk HoBuii pykonuc

He 3HaiaeH0 HOAHOrO NOAAHHS

Platform &
workflow by

OJS/ PKP


https://ecoconference.kpi.ua/user/register?source=

Kpok 4. O6epiTb MOBY NOAaHHSA (peKoMeHOYeEMO obupamu yKpaiHcbKy, wobu 3anobiemu naymaHuUHU y
3arnoeHeHHi nonie ykp./aHen. mosamu. Moea nodaHHa He AopieHIOE Mmoei nybaikayii.). TakoxK 06epiTb
po34in KoHdepeHLii 40 AKOro HanexunTb Bala poborTa.

Mateplann miroapeanol HayKCBo-NPAKTHHHET KOHGE... Zangaumn o @ Yrpalmcsra ® NepernanyTh cadr & danb;
Mopatk cTaTTio

1. Nosarox 2.B T T 3 METARAHMX 4. NigreepameHHa S. Hactynui kpokn

Nopanxa

Moea nogavHA

VRPATHCERA -
Pospin
Poagin 1. 3aransua exonoris bl

MoniTuka pospiny
TeMaTaka pozainy:

* MOMYRALARD ERONOTIS;

= exonorin Bioreuenosis;

Kpok 5. [MepeBipTe NpaBuAbHICTb 0bOPMAEHHS MaTepiaiB, WO BK iX 3aBaHTaXyeTe ANnA nybikauii y 36ipui
Hawoi KoHdepeHLuii.

Hpe... 3amganHn (g @ Yipaincwss ® [epErnAHYTA CalT & danben
BumOru 4o NogaHHA

Marepiand 40N0BIAI, WO NOAANTLEA 40 POIFNALY PAHILE HE NYBNIKYBANKCE | HE HAACHAANOCA HA POIFAAA A0 PEAAKLIA HAYHOBMK BHAAHE T3 / 360 AnA NyBAiKIWA ¥
FhipHAX MATEMANIR HAYKORMX JAXONIE.

DAAN NOAIHHA € AOKYMEHTOM ¥ HOPMaTi Microsoft Word, OpenOffice, RTF abo WordPerfect.

BEG-NOCANAHHA ¥ TEKCTE CYNPOBOAYIOTHCA NOBHMAMI KOPEKTHIMIA Aapecanmi LRL

TereT HABPAHUA 12-M POIMIDOM KETMIK0 3 GAMHAD : OBUM iH : ABTOPCEKI AKLEHTH BUAINEH] KYPCHBOM, 3 HE NIAKPECABHHAM (BCIOAK, KPIM anpec

URLY; R imocTpadyi, rpadig Ta Tabnuui pazmilueni SEIN0OCeReiHL0 Y TEKCT, Tam, 48 ROHW NORNHR ByTi 32 IMICTOM (2 HE ¥ KiHUL QOKYMEHTY).
OBCAr MaTepianie; Big 2-x A0 6-TH CTOPIHOK GOPMaTY Ad,
Ha okpesosy apsywi nasegeda bibniorpadin nyGnikaui Ta peaome (pedepat). Brazana inOPMALIA NOAAETHCA ARYTOKN POBOUOK MOROKD KOHGEPEHLE - RigMiHHOD Big

mMoBn nyBnikauwi,

Komewrapi gna pepaxropa
DB BJIY LFBoREL

Tak, A IrOQRH, WD MOT gani I6MPACTECA | 36ERIFAINTLCA BIANOBIAND A0 JARRM 1RO KOMSIOEHMANICT, .

3fepertn Ta npogcEMHTH Cracysath

KpoKk 6. 3aBaHTaxkTe Bawy nybnikauito. [Mpocumo 38epHymu yeazy, WO cucmemd iHKOAU CUbHO

«2a6My€e», AKWO NPOTAFOM KiIbKOX XBUJIMH BU HE OTPUMA/IM NOBIAOMIEHHSA NPO YCMilWHE 3aBaHTaXKeHHA
dariny, pekoMeHAYEMO Nepe3aBaHTaKMTU CTOPIHKY.




Kpok 7. BeefeHHA meTafiaHUX (38epmaemMo sauly ysaeay, o KOXHe Karo4Yose 1080 abo c1080CMonyHeHHA
nosuHHi 6ymu esedeHi okpemo). TaKoXK NPOCUMO BUCTABAATU KYPCUB ANA TEKCTIB aHOTaLii YKPATHCbKO

Ta aHMMiNCbKOIO MOBaMM.

NopaTtu cTaTTO

1. MoyaTtok 2. BUBaHTAXKEHHA NOJaHHA 3. BBegeHHA MeTafaHux 4. NigTeepAKEHHA 5. HacTynHi Kpoku

Mpedikc 3aronoBokK *

Q@ NPVKOAL

Mpuknadu: A, The (He cmocyemscs
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’5]MPLE|

YKpaiHCbKOT MO8U)

Nig3aronoBoK
Q

Mpuknad

English
Do B u s xx 2o Ea

Simple

LopaTth y4acHuKa

Cnucok aBTopie

IM'5 E-mal Ponb KoH1axTHa ocoba Y cnucki nepernspy
»  JaHuno BEHATOB dan_ben2002@yahoo.com ABTOP = =
[LonartKoBi yTO4HEHHA
Kno4osi Ba
pefiliTe nonarkosy iHdopmalll JA BALLOro NOAAHHA. HaTuckaiTe "Enter” NiCNs KOXHOMO TEpMIHy.

npuUKnag x  npuknap-1 x

simple-1 x  English

simple x

36eperti Ta NPOACBXRUTI CkacysaTn

r

Kpok 8. BHeceHHs iHdopmaLii npo aBTopiB. AKWO y nybaikayii Kilbka aBTOPiB — KOXKHOIO 3 HUX Tpeba
BHECTU A0 cucTemMU. B maeTe 3mory BM3HaAUMTU NOPSAAOK PO3MILLEHHA aBTOpiB y NybnikaLii, a Takox

NPU3HauYUnTU 0coby, AKa € BiANOBIAabHOK 32 INCTYBaHHA i3 OprkomiteTom.

Ons Toro, wWobu 3mMiHUTM iHbOpMaLi0 MPO aBTOpPa — HATUCHITb 3eNeHy CTPINIoYKY, @ MOTIM Hanuc
«pedazysamu». Ona Toro, wobu fAoaaTm HOBOro aBTopa HAaTUCHITb HAaNWUC «G00amu YyY4aCHUKA».
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KowTakHa 0co6a Ans penakuiiivol Kopecnonmenyi.
BENIOUTH LbOTO BTOPA B CIMCKW Nepernapy?

B pe3ynbTaTi BBEAEHHS CMUCOK aBTOpiB Byae BUIMAAATY TaK.
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BaK/AMBO: NiZ Yyac NpoLesypu peLeH3yBaHHA, M1 MOXEMO HaACUIaTY Bam 3aMUTU Ta YTOYHEHHS
6yayTb 3’'ABNATUCH ¥ BKNaALi « O62080peHHA 00 peyeH3yB8aHHA».

Pob souec  MyGRikaum
Noaasikn PeuehIyBaHHn Niteparypre peadryBanHa Bepcrra

Daiini nogaHHa Q Newyk

JaasTamuTH yei hainn

D6roBopeHHA A0 PELEHIYBAHHA Aoaatw ofromopenns

. BoHun

[na BignosiAi HATUCHITb HA TeEMY NOBIAOMNEHHSA Ta 3aBaHTAXKTE BMMNPAB/IEHI MaTepian NOAAHHA.

MNoeigomnenss

FIpowY BHECTI DUNPIRNEHNR

MNosigomnenus *
A B Y L2 H RS

Bunpagnesa!

Npuepinnexi gainm Q Mowyx JanawTawcnTi dain

anzt | danben, Do

OK  Cracysame

AKLLO Y BaC BUHMKATUMYTb NMTaHHA MU 3aBXau byaemo pagi Bam 40NOMOITH.



