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Aunomauuscel. buocaz mexuonoeusicel  auvli  wapba  mysymoepy  yYuyH — 6aanyy
NPOOYKYUALAPObL, 0U02a30bl HCAHA OUOICEPCEMUPMKUYMU Oep2eH, KbIKMbl Kaupa uumemyyuy
aghpexmusdyy wvikmanapovin oupu. Keikmoel dwcepunoe, a3vlpkvl atibli 4yapba my3yMOOPYHYH
WapmviHOa Kaupa umemyyHyH 3¢pgpekmugoyynyey moMOHKY (hakmopiop MeHen myuyHOypyiom:
auvl yapboa my3ymoepy YUyH KblK 63YHOH YbIKKAH Cblpbe OONYN dcenmesiem, aHmMKeHU anap aibil
yapba HCanblOAPIAPIH HCAHA KAHAMMYYAAPObL OASLIULAM,; KbIK HCAHbL Ke3UHOe KAUpa umemuiun,
aHOacvl OCYMOYKMOP2Oo A3blK OOIYYUY 3ammap HCAHAd MUKPODJIEMEHMeP a3 6146MO6 JHCO2Omyyed
yuypaum, asmoHOMOYYy mMypoe 3Hepeus MeHeH Hcaboyy MYMKYHuyaAy2y natoa 601om, Oy anvic
AHCAUAUIKAH — KEPEKMOOUYIOp2o Ome MAAHULYY JCAHA IHePeUsiibl  YHOMOOOHYH  a3blPKbl
MANAnmMapsina Hcoon bepem, Mai CapaulapblHbIH IKOIOUASLLIbIK AOAIbl dcakubipam. Aemopiop
MapabvblHan KbIKMbIH MYPA6PY, AHbIH Kacuemepu, CMpYKmypaiblk-MeXaHUKaublK —Kypambl
UBUTOEHUN, KU4U aubll 4apoa My3yMOOPYHYH WAPMbIHA bLIAULIKMAWKAH OU02a3 OpPHOMMOCYH
uwmep uvbleyyod, aneaukvbl Mamepuanloap Kamapvl KoaiooHyady. Buoeaz opuommocynoa Keikmuvl
Kaupa uwmemyyHyH OS@@exmugoyyayey, auvlmyyHyH mMeMNnepamypanivik PedCUMUH CbiPMKbl
KAILINMAHBIN MYPYYUY SHEp2usi peCypCyH KOAOOHYN, JHCULYYIVK IHEPSUSICLIH ANObIH ald MONMOO
JHCOTLY MEHEH HCO2OPOMYNAMbLIAM.

O30Kmyy ce300p: Kvik, Ouozas; OuodcepceMumxud, auvll 4apoa my3ymy,; dHepeusi MeHeH
A#cab0yy,; 6uoeas OpHOmMMOCy, auvll 4apoa Hcanvlbapiapboi.
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CblpbeM 8 CelbX03PopMUPOBAHUAX, MAK KAK OHU COOEPACAM CEelbCKOXO3AUCMBEHHbIE ICUBOMHbIE U
nmuysl; HAB03 Nepepadbamvléaemcs 8 Ceexcem 6ude ¢ MUHUMATbHLIMU NOMePIMU NUMAMETbHbIX
gewecms U MUKPOIIEMEHMO8 OJisl PACMEHUN, CYUecmsyem 603MONCHOCMb IHeP2OCHAOICEe U
ABMOHOMHO, YMO 0COOEHHO BAICHO OJis1 OMOENbHbIX YOAIEeHHbIX nompedumenel u 3mo omeedaem
COBDEMEHHbIM ~ MPEOOBAHUAM — IHEP2OCOEepedNCceHUsl;,  YAYUAemcs: 9KOA02UYeCKoe COCMOsIHUE
AHCUBOMHOBOOUECKO20 NoMeujenus. Aemopamu uccie0osanvl 6udbl HABO3d, €20 CEOUCMEQ,
CMPYKMYPHO-MEXAHUYECKULL COCMAB, KOMOpble ROCAYICUIU UCXOOHBIMU Mamepuaiamu npu
paspabomke 6U02a3060U YCMAHOBKU 8 YCIOBUSIX MAIbIX ceabxoszgopmuposanuil. Ilpednrazaemot
OU02a30601 ycmanogke 3¢hhexkmusHocms nepepadomku Ha8o3a NOBLILUAEMCs 3d cuem COO00eHUs
MeMnepamypHo20 pelcuMa COpajdcusanusi Nymém npeosapumesibH020 HAKONIEHUS Menio8ol
9HepeuLU Om GHEUHUX 80300HOBTISIEMbIX IHEP2OPECYPCO8.
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Abstract. Biogas technology is one of the most effective ways of processing manure and
provides valuable products for agricultural enterprises in the form of biogas and biofertilizer. The
efficiency of manure processing in the field, in the conditions of existing agricultural formations, is
explained by the following factors: manure is its own raw material in agricultural formations, since
they contain farm animals and birds; manure is processed fresh with minimal loss of nutrients and
trace elements for plants; it is possible to supply energy autonomously, which is especially important
for individual remote consumers and this meets modern energy saving requirements; the ecological
condition of the livestock premises is improving. The authors investigated the types of manure, its
properties, structural and mechanical composition, which served as starting materials for the
development of a biogas plant in conditions of small agricultural formations. The proposed biogas
plant increases the efficiency of manure processing due to compliance with the temperature regime
of fermentation by preliminary accumulation of thermal energy from external renewable energy
resources.

Keywords: Manure; biogas; biofertilizer; agricultural formations; energy supply; biogas plant;
farm animals.

Introduction. Energy saving in the agricultural sector of the Kyrgyz Republic by
actively involving renewable energy sources in the energy balance is relevant. Recently, many
countries of the world have been paying special attention to the production of energy from
alternative renewable resources - solar, wind, biomass, etc. The share of biomass (mainly
manure) in the global energy balance is up to 15-18%, and in the EU countries — 40% [1,2].

Feed is converted into energy in the animal body, partially consumed for biological
processes and partially released into the environment (excrement, respiration, etc.).
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Taking into account the existing number of farm animals in Kyrgyzstan, the total mass
of manure is about 5.5 million tons per year [3].

The potential use of this mass is estimated at about 110 million. m3 of biogas and 5.4
million tons of biofertilizer [4]. Manure and the technology of its processing with the help of
a biogas plant are able to autonomously provide remote rural consumers with biogas and
biofertilizer, since in such places there is available biomass-manure (as its own renewable
raw materials).

However, the manure of farm animals differs in its physico-mechanical and chemical
properties and they must be taken into account when processing by biogas technology.
Therefore, the development of biogas plants in conditions of small agricultural formations,
where the main types of biomass is manure, have their own characteristics [5].

Materials and methods. Manure and its properties, the yield of biogas and biofertilizer.
Manure is a complex polydisperse structure including solid, liquid and gaseous substances.
The density of liquid manure is: cattle and sheep 1010-1020 kg/m?3: horse 700-750 kg /m3:
pork 1050-1070 kg /m?3, chicken manure 700-1005 kg/m?3.. In cattle manure, fibrous particles
with a length of more than 100 mm contain more than 30% of the total number of long
particles. The deposition of large particles in manure amounts to 67%. The coefficients of
friction of cattle manure on steel, concrete and wood are respectively equal to: 0.9; 1.4 and
1.2 [6].

The coefficient of stickiness of cattle manure at a humidity of 75-85% is about 6 kPa.
The structural viscosity and limiting stress of different types of manure, depending on their
humidity, varies widely, respectively: 0.3-7.8 Pa < S and 10-210 Pa [7].

This is explained by the fact that, for example, pig manure contains 5 times less colloids
and its structure is 1.5 times weaker than the structure of cattle manure. Therefore, pig manure
has significantly lower values of structural viscosity and ultimate stress.

The main characteristic of manure is its humidity (Table 1).

Table 1. Humidity of farm animal manure

Animals Humidity, %
manure Urine
Cattle 83-84 94,8-95
Sheep 67-69 94-95
Pigs 76-78 94-95
Horse 60-67 94-95

Under the influence of elevated temperature, the structure of manure is destroyed and
large inclusions floating on the surface layer forms a crust of fibrous particles. This happens
in the reactor of a biogas plant.

The noted structural and mechanical properties of manure largely depend on the proper
feeding of animals. With proper feeding of cattle, it is possible to increase the methane-



producing bacteria in their stomach. At the same time, cattle manure is the most suitable raw
material for biogas plants of continuous fermentation. Sheep and goat manure contains more
sand and soil, small stones, etc. therefore, before loading into the reactor of the installation,
this type of manure must be cleaned and it is recommended to use it in installations operating
in batch loading mode. Sheep manure emits more methane compared to other types of manure.

Chicken manure and pig manure contain high concentration ammonia, which prevents
the reproduction of methane-producing bacteria. Therefore, when they are loaded into the
reactor of a biogas plant, it is recommended to mix them with other types of manure. Table 2
shows the values of biogas output for different types of manure.

Table 2. Biogas output for different types of manure

Type of the manure Biogas output
(m?® per kg of dry matter)
Cattle manure 0,25-0,34
Sheep manure 0,3-0,62
Chicken droppings 0,31-0,62
Horse manure 0,2-0,3
Pig manure 0,34-0,58

The yield of biofertilizer from processed manure is determined taking into account the
volume mass of biogas, which is equal to 1.2 kg/m3 [8]. Calculations show that the mass of
raw materials at the outlet of the rector decreases by 4-5%. Nutrients (nitrogen, phosphorus,
potassium, magnesium, trace elements and vitamins) they are preserved in biofertilizer in the
same content as in the feedstock. In addition, helminth eggs and weed seeds die in
biofertilization, humus materials are formed that improve soil structures, humic acids, which
increase the resistance of plants to various external adverse climatic conditions.

Materials on the structural, mechanical and chemical properties of manure and
biofertilizer are used in the development of a biogas plant for small agricultural formations,
which all types of manure have as their own raw materials.

In addition, when developing a biogas plant, the mixing mode of raw materials inside
the reactor is taken into account, since the fermentation process is a symbiosis between
different strains of bacteria. Bacteria of one species can feed another species [9].
Consequently, the unreasonable mode of mixing of raw materials, which provides only for
the destruction of the crust, negatively affects the process of fermentation of manure inside
the bioreactor.

Structurally, the technological scheme of the biogas plant is shown in Figure 1 [10].
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Fig. 1. Structural and technological scheme of a biogas plant: 1-bioreactor; 2-livestock
room; 3-container for raw materials and water; 4-mixer; 5-container for liquid biofertilizer;
6-centrifuge; 7-gas tank; 8-mixer blades; 9-electric motor; 10-reducer; 11-chain
transmission; 12-burner; 13-gas pipeline; 14 pipeline; 15-pump; 16-renewable energy
sources (HT-hydro turbine; SP-solar panel; WT-wind turbine); 17-electrical wiring; 18-
switch; 19-battery; 20-multistage multiplier; 21-heat exchanger; 22-Heat and electric
heaters — TEN; 23-electric stoves.

The technological process of functioning of a biogas plant consists of the following
sequentially performed operations: preparation of raw materials for loading into a bioreactor,
which involves mixing different types of manure, as well as with water up to a humidity of
85-90%; loading of the substrate into a bioreactor; providing a temperature regime for a
certain time, depending on the selected fermentation mode; accumulation of biogas and its
supply to consumers; unloading of biofertilizer from the reactor and its separation into
fractions.

The installation works as follows (Fig. 1).

Manure from the livestock room 2 is drained into the mixer 4, where sawdust from reed
plants and water from the container for raw materials 3 are simultaneously loaded. After
bringing the substrate to the required humidity (85-92%), the mixture is fed into the bioreactor
1 and occupies a certain volume. Electricity is connected from renewable energy sources 16,
which can be: HT-hydro turbine; SP-solar panel and WEIGHT-wind turbine. The choice of a
specific source of renewable energy sources is carried out depending on their availability and
the location of the agricultural formation. Electric energy from renewable energy sources 16,
accumulated in the battery 19 by means of a multi-stage multiplier 20, is transmitted through
the electric wire 17 and the switch 18 to the electric motor 9, which in turn, through the
gearbox 10 and chain transmission 11, begins to slowly rotate the mixer blades 8, thereby
mixing the substrate in the bioreactor 1. If it is necessary to heat the substrate by means of



thermoelectric heaters — heating elements 22, the liquid is heated in a heat exchanger 21, the
heat of which will be transferred to the substrate by means of a pipeline 14 and a pump 15.
Electric stoves 23 additionally heat the bottom of the bioreactor 1. As the substrate ferments,
biogas accumulates inside the bioreactor 1, which is collected in the gas tank 7. The main part
of the biogas goes to consumers, and a small part is sent through the gas pipeline 13 for
blowing and drying with burners 12 of a thick mass of biofertilizer. At the end of the full
cycle, the substrate from the biorector 1 is drained into the centrifuge 6, where it is divided
into thick and liquid biofertilizer. Part of the liquid biofertilizer is reused as a starter for a new
batch of the loaded substrate in biorector 1 and the cycle is repeated.

In this installation, the efficiency of manure processing is increased due to the
preliminary accumulation of thermal energy from renewable energy resources. The autonomy
of the installation more fully meets the requirements of remote agricultural consumers,
especially in pasture conditions.

Conclusion. With the development of animal husbandry, the mass of manure increases
as a renewable raw material for the production of biogas and biofertilizer. When developing
biogas plants for small agricultural formations, it is necessary to take into account the
chemical composition and structural and mechanical properties of different types of manure.
The farmer usually keeps different types of farm animals and poultry and therefore has
different types of manure. Before loading the bioreactor raw materials, it is necessary to
perform preparatory work related to its humidity, mixing different types of manure and
cleaning them from foreign inclusions.

The features and designs of biogas plants for small agricultural formations are related to
overall dimensions, temperature regimes of fermentation, natural and climatic conditions of
the area, the total mass of manure for a certain period and types of manure intended for
processing. When developing the design and technological scheme of a biogas plant, these
features are taken into account.

Biogas technology solves several issues, namely disinfection of manure in fresh form,
energy supply to remote agricultural formations, improvement of soil fertility and reduction
of methane emissions from animal husbandry.
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