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Influence of ultrasonic treatment on the efficiency of biogas production

Annotation. This paper presents the results of the influence of ultrasonic treatment in the co-
fermentation of the cattle manure mixture (cattle) with the leaven from the rumen of ruminants on the process of
biogas production.

Anaerobic digestion was carried out in matinence periodic operation at the mesophilic temperature of
38 C As a substrate, a mixture with a content of 70 % cattle manure and 10 % leaven from rumen of ruminants
was used. Treatment with ultrasound of the mixture was carried out at an intensity of 10 W/cm2 and an amount
of input energy of 9350 kJ/kg of dry matter (DM), which completely eliminated the processes of stratification
and sedimentation.

Decomposition of organic matter (OM) in the periodic regime with the enzyme and ultrasound
treatment occurred within 8 days, the usual substrate during this time OM decomposed 3.0 times less
(only 14 %).

The process of fermentation of methane in continuous and periodic modes treated with ultrasound, as at
other temperatures, was stable, as can be judged by the values of volatile fatty acids (VFA) Volatile fatty acids
(VFAs), alkalinity, pH, and biogas.

The energetical efficiency of methane fermentation is estimated by comparing the volume of fuel
(biogas) and heat consumption for technological needs.

As shown by the comparison of efficiency of different regime, the largest amount of commercial energy
in the form of biogas was obtained in the mode of joint fermentation of a mixture of cattle manure (cattle) with a
ferment from the rumen of ruminants treated with ultrasound — 3 times more than without treatment (space).

Keywords: ultrasound, fermentation, organic waste, mode of operation, biogas.

Introduction. The use of agricultural and processing waste such as manure and organic waste for
biogas production has significant environmental benefits in terms of heat and electricity generation and its use as
biofuels. Biogas plants can make a significant contribution to sustainable development in rural areas, as well as
providing farmers and processors with new income opportunities.

The most promising in this regard are technologies based on microbiological processing of manure in
anaerobic conditions. These include methane fermentation of manure, which uses biological processes under
oxygen-free conditions to stabilize organic substances by converting into methane and inorganic end products,
including carbon dioxide and ammonia [1].

The process of methane formation is influenced by the temperature, the composition of organic waste,
the time of the methanogenesis process, as well as the pre-treatment of organic waste.

The methane fermentation is characterized by 3 temperature regimes: psychrophilic — <+30°C,
mesophilic — +30 °C + +40 °C and thermophilic — +40°C + +55°C. [1].

For a psychrophilic temperature range the technological equipment for biogas production is not
normally used, since the fermentation period is long, heating of the material is not required, and a large volume
of fermentation chambers is required.

The metabolic activity and reproductive capacity of microorganisms vary depending on the processing
methods. To increase the yield of biogas, various methods (chemical, thermal, mechanical, ultrasound, enzyme)
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can be applied, and manure can be fermented with other waste to achieve a synergistic effect that make the
anaerobic digestion process profitable.

Using pretreatment, it is possible to accelerate the hydrolysis of organic matter, thereby increasing the
solubility of oxygen (ChOC) oxygen solubility (COD), which in many cases leads to an increase in the yield of
methane. Alkaline or acid hydrolysis, enzymatic hydrolysis, mixing, heat treatment or ultrasound can be applied
for pre-treatment, the latter method is considered one of the most multipurpose. [2].

So far, ultrasonic pretreatment studies found in the literature have mainly focused on sewage
sludge [3, 4].

Various researchers have studied the interaction of manure fermentation with a wide range of
fermentation stimulants such as fruit, vegetable and food waste [5, 6, 7].

Ultrasound has mechanical, physical and chemical effects on biological systems [8, 9].

Ultrasound pretreatment of organic waste accelerates speed-limiting stages of enzymatic hydrolysis of
solids [10, 11, 12].

The choice of process should be made on the basis of technical and economic calculations, taking into
account the methods of subsequent processing and disposal of waste, as well as sanitary requirements.

It is known that the rumen of ruminants can be considered as a kind of live fermentation chamber
created by nature itself. Rumen microorganisms, including methane-forming bacteria, have high enzymatic
activity, the maximum conditions for their life are observed at a temperature of 37 °C [13]. During the day in the
rumen, the volume of which is 100-300 liters, can be formed up to 1000 liters of gas, and mostly carbon dioxide
(50-60 %) and methane (30-50 %), with a pH content of 6.5-7.4 [14].

When digesting fiber in the rumen gases, the amount of methane increases, while when digesting
sugars, carbon dioxide dominates. Methane is formed mainly during the reduction of carbon dioxide by
hydrogen, donors of which can serve as sugar, pyruvic, fumaric acid and other substances.

In papers, [15] the efficiency of ultrasonic pretreatment for the kinetics of biogas production is also
demonstrated. Biodegradability of soluble organic matter has increased significantly after pretreatment.

The aim of this work is to conduct experimental studies to identify optimal, economically feasible
modes and to assess the effect of ultrasound in the joint fermentation of manure with the ferment of scar
microorganisms. A series of experiments were carried out under mesophilic conditions with periodic mixing in a
bioreactor.

Materials and methods. Cattle manure (C) and ruminant rumen (M) were used as the substrate.
Ruminant tripe was taken from the slaughterhouse and collected in a plastic bag, then frozen at -20 °C in plastic
containers for storage in the laboratory.

Manure was crushed using a knife shredder KR-01. The experiment was performed in periodic and
continuous modes in a laboratory bioreactor with a working volume of 10 liters.

An HL-900A generator was used for ultrasonic treatment of the substrate. The frequency of ultrasonic
vibrations generated by the generator was 22+28 kHz, power: 600 W. Ultrasonic transducers are installed in the
bioreactor.

The volume of released biogas was measured in dome-type gas tanks with a hydraulic seal.

The efficiency of the fermentation process was evaluated by total gas release and changes in the content
of organic matter (OM).

A GC-1690 gas chromatograph was used to analyze the gas composition.

The process of methane fermentation of manure was carried out in mesophilic mode at a temperature of
38 °C. The degree of decomposition of organic substances of manure is assumed to be 30 %.

The equipment was equipped in accordance with the research conditions. Repeatability of experiments
is 3-fold. Starting loading was carried out with prepared crushed manure with a humidity of 91 %.

Results. The amount of chemical oxygen consumption, as well as the amount of CB, can be used to
quantify the biodegradable fraction of the substrate mixture. Studies have shown that ultrasonic treatment leads
to an increase in chemical consumption Colorada (Figura 1). The greatest change in the index of chemical
oxygen consumption is observed with an increase in the amount of input energy to 10 000 kJ/kg DM, in the
future, the change in the value of chemical oxygen consumption slows down.

The periodic fermentation process of the ground manure with the leaven is faster than the one without
the leaven. For 8 days 30 % of OM decomposed. For the substrate with the leaven treated by the ultrasound in
comparison with the substrate without the leaven the decomposition of OM was a little slower at the beginning,
but on the 8" and 9" days the same amount of 30 % of OM decomposed and then, this process was faster
(Figura 2).
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Figura 1 — Variations in the chemical oxygen consumption of the substrate (70 % of cattle manure and 10 % of
leaven from rumen of ruminants) as a result of ultrasonic treatment.
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Figura 2 — The dynamics of the dissolution of OM (by the amount of released gas)

The substrate without ferment decomposed to 30 % OM on the 17th day. The maximum generation of
biogas with ferment was observed on the 10" day, the substrate with the processing of ultrasound — on the 11th,
and the quantity of generated gas was increased more smoothly. Then the generation of biogas from the substrate
with the ferment decreased dramatically, and the generation of biogas from the substrate treated with ultrasound
continued (Figura 3).

Observations of the continuous process of methane fermentation showed that the substrate with a
ferment treated with ultrasound microorganisms were characterized by high enzymatic activity, the decay of OM
was 23.3 g/l of manure loading per day, the specific gas yield was 1.82 I/l per day at pH 7.5-7.80. The
conventional substrate, the substrate is treated with ultrasound and the substrate with the leaven of the collapse
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of the OM was 18.6 %, 18.9 % and 19.1 g/l loading of manure per day, the specific yield of gas — 0.6, of
1.02 and 1.24 g/l per day, respectively, at a pH of 7.62-8.14, of 7.48 —to 7.68, of 7.36 — of 7.78.
The economic efficiency of methane fermentation of manure can be calculated from the comparative

heat consumption for the technological needs of a conventional substrate, with ferment and treated with
ultrasound for a cattle farm.

Table 1 — The main technological indicators of the manure fermentation process in various modes

. Before After fermentation in different modes
Indicator .
fermentation C CS CM CMS
Dry matter, % 7,7 51 45 4,9 4,3
Organic matter, % 5,8 4,1 4,05 4 4
pH 7,6 7,65 7,75 7,7 7,8
COD, mg/l 6212 2374 912 2537 842
VFA, mg/l 345 210 235 240 232
Alkalinity, mg/I 454 538 560 557 562
20 -

Biogas Volume , |

Time, day

=S ubstrate (C)
=l=The substrate with the ferment (CM)
==f=The substrate, with the ferment culture treated with ultrasound (CMS)

==The substrate is treated with ultrasound (C5)

Figura 3 — Emergence of gas

Discussion. The use of fermentation stimulants increases the energy yield per unit volume of bioreactor,
with a corresponding increase in the capacity of farms by 30 %.

The results of the considered modes of operation, shown in Figura 4, suggest that the best option is
methane fermentation of manure treated with ultrasound with ferment
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Figura 4 — Thermal balance of biogas installation as a percentage
1 — heat consumption for own needs of the installation; 2 — excess heat (commercial energy).

Conclusion. Decomposition of OM in the periodic regime with ferment and treated with ultrasound
occurred for 8 days, conventional substrate during this time OM decomposed 3.0 times less (only 14 %).

The process of methane fermentation of the substrate treated by ultrasound in continuous and periodic
modes as well as in other modes was stable, as it can be judged by the values of VFA (volatile fatty acids),
alkalinity, pH, and biogas generation.

As a comparison of the efficiency of different modes of operation of methane fermentation of manure
showed, the largest amount of commercial energy in the form of biogas was obtained by ultrasound treated with
ferment — 3.03, 1.87 and 1.47 times more than, respectively, a conventional substrate, a substrate treated only
with ultrasound and a substrate with ferment.
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buoza3z endipicininy muimoinizine ynompaoviovicmuik, 0H0eyoiH acepi

Byn oicymvicma ipi xapa manoviy (IKM) Kusinbly Kocnacvln awvlmymen 06ipee aublmy Ke3inoe Ouoeas
any npoyecine IKCHEPUMEHMMIK YIbmpaoblObiCmblK OHOey Hamudicenepi YCobiHvlizan. Anaspobmovl auibimy
me3o¢unvoi 38° C memnepamypanvl pexcumoe mep3imoi acep ememin MemameHKaoa Jicy3eze dACbipbliobl.
Cybcmpam peminoe gypamvinoa 70 % ipi xapa manoviy Kuwvt scone 10 % xyiiic Kativlpamuli dcanyapiapobiy
TBIPIBIZLIHAH AULIMKBIHBL 0ap Kocna Koaoauuliovl. Kocnanwvl ynempaovibvicnen onoey 10 Bm/cm® acep emy
KapKulHObLIbLebl dicone 9350 xllic/ke Kypeak 3ammbly eHei3iiemin dHepeusi Moulepi Ke3inoe xcypeisinii, oy
Kamnapiany men ceOuMeHmayusi npoyecmepin mobleblMeH Hoi02a MyMKIHOIK 6epoi.

Opeanuxanviy 3ammapoviy (O3) yuvimgvicbl Oap Jicone YabmpaovlOvbiCnen onoencen Mmep3imoi
pedxcumoe vlovipaysvl 8§ maynik iwinde opviH andvl, OCbl YaKbim iwinde Kapanavvim cyocmpam os 3,0 ece a3
(bapnvieer 14 %) wviovipadwsl. YavmpaoviOvicnen onOenceH Y30IKCi3 dcaHe Mep3imOi pedxcumoepoe Memanovl
awwlmy npoyeci, 6acKka memMnepamypaiap CUskKmol, MYPAKMvlibleblMeH epeKueneHoi, 01 mypaibl MblHAdAl
MaHOep bolbiHWA aHbIKmayea 60aadvl: yuna mai Keiwksiioapsl (YMK), cinminik, pH owcone buozasz 661inyi.

MemanObl  aublmyObly  IHEPeMUKanblK MUiMOLNiel  anblHEaH OmblH (0U02a3) KeJeMiH JicoHe
MEXHONO2USLIBIK, KAHCEMMILIKIEP2e JHCLILY UbIZbIHIH CATILLCIBIPY HCONBIMEH 0A2ANAHObL.

Typni nauidanany pexcumoepiniy muimMoinicin carblCmolpy Kopcemkenoet, buozas mypinoeei mayapivix
SHEPIUSIHBIY el KON Caubl - 3 ece Kon, OHOeyCi3 Kapa2anoda yibmpaosblobicner OH0eN2eH PedcuMoe AlblHObL.

Tyiiin co30ep: yiompaoviovic, auibimy, OP2aHUKAIbIK Kal0bIKMap, Rauoaiany pexcumi, ouoeas.
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Bnuanue ynempazeykoeoii o6pabomku na Ighgpexkmusnocms npoussoocmaea duozaza

B oannoii cmamve npedcmasnensi pe3ynbmamol IKCHEPUMEHMATLHOU YIbMPa38yKoeoll obpabomxu npu
COBMECTHOM COPAMCUBAHUU CMeCU HAB03a KpYNHO2o pocamozco ckoma (KPC) ¢ 3axeackoil us pyoya siceauHvix
JAHCUBOMHBIX HA Npoyecc NoayueHus Ouoeaza. AHaspobHoe cOpadcusanue OCYWeCMeIAIoc, 8 MemdameHKe
nepuoouueckoeo oelicmsus npu mezo@uinvHom memnepamyprom pexcume 38 °C. B kauecmee cybcmpama
ucnonwv3oganacy cmecv ¢ cooepoicanuem 70 % nasosa KPC u 10 % 3axeacku uz pyoya sHceaumvlx HCUBOMHBIX
Obpabomia cmecu yibmpaseykom nposoouLach npu uHmencusHocmu go3oeticmeus 10 Bm/cm® u konuvecmee
6600umoil sHepeuu 9350 xloxc/ke cyxoeo eewecmea, umo NO360AUNO HOIHOCMBIO YCMPAHUMb NPOYECccyl
Ppaccioenus u ceOuMeHmayuu.

Pasnooicenue opeanuueckux eewecms (OB) 6 nepuoduneckom pedjcume ¢ 3aK8ACKOU U 06pabOmManno2o
VILMPA36yKOM Npousowno 3a 8 cymok, obviunozco cyocmpama 3a 3mo epemsa OB paznodscunoce 6 3,0 pasa
MmeHbe (6ce2o 14 %).

Ilpoyecc memano6ozo cOpad)cusanus 6 HenpepbLlGHOM U NEPUOOUUECKOM DPeXNCUMAx 06pabomanHo2o
VILMPA36YKOM, KAK U NPpU Opysux memnepamypax, OMmiudaics YCMOUYUBOCMbIO, O YeM MOJICHO CYOUms Ho
3Hauenusm nemyqux scupnvix kuciom (JDKK), wenounocmu, pH, u evioenenuro buozasa.

OHepeemuueckas 3phekmusHocms MemanHo8020 COPANCUBAHUS OYEHeHA NymeM CONOCMAGIEHUS.
00vema noIYyueHHo20 Monauea (buo2as) u pacxooa menia Ha MexXHOAOSUYECKUe HyHCObL.

Kax  noxaszano cpagnenue 3pgexmueHocmu  pasHLIX pPetCUMO8 IKCHIyamayuu, Hauboxvuiee
KOIUYECmE0 MOBAPHOLL SHep2ull 6 gude OU02a3a NOIYYeHO & pedxcume 0OPAbOMAHHO20 YIbMPAa3eyKoM — 6 3 pasa
bonvue, wem be3 obpabomxu.

Knroueswie cnosa: ynompassyk, copasxcusarue, OpeaHuiecKue omxoobl, pexcum KCHAyamayuu, ouoaas.



