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Anaarna. byn xo0a »HeprusiMeH >KaOABIKTayIblH THOPUATI KYHECIH KapacThIpajbl.
DNeKTpMeH >KaOAbIKTay OHOra3 KOHJABIPFBICHI apKbUIBI KYMBIC ICTEHTIH KOTEHEepaIUsUIBIK
KOH/IBIPFBIMEH KaMTaMachl3 eTijieni. JKpUiblTy Omora3 KOHABIPFBICBIH BICTBIK CyMEH KaMTamachl3
€TETIH CY >KbUIBITY Ka3aH/IbIFbIMEH KaMTaMachl3 eTiiesi. JKyMbIc MpUHIMII Keneciaei: 1) KaiTa enuey
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OHIMJIEpl MEH KaJAbIKTapIbl KOHIBIPFBIFA JKeTKi3y. Erep KamaslkTap CyHbIK 0oJica, omapisl
MaMaHJIaHIBIPBUTFAaH COPFBUIAPIBIH KOMETIMEH pEeaKTOpFa JKETKI3TeH XoH. KaTTel KaiabIKTap
peakTopra KOJIMEH HeMece KOJIK Taclachl apKbUIbI KETKI3UTyl MYMKiH. 2) peakTopjaa KaiTa eHJey.
OTtneni CHIMBIMABUIBIKTAH KEWIH JalbIHAAIFaH JKOHE KBI3ABIPBUIFAH KAJJBIKTAp peaKTOpFa TYCei.
PeakTopab!l KbUIbITY OMOTa3 KOHIBIPFBICH! YIIIH BICTBIK CYy JKETKI3€TiH Cy JKBUIBITY Ka3aHIIBIFBIHBIH
KOMETIMEH KYy3ere achipbliaabl. 3) [lalibiH eHIMHIH MmbIFYybl. benrim Oip yakbiTTaH KeliH (OipHerne
caraTTaH OipHelle KYHIe JIEeiiH) allbITyIbIH alFallKbl HOTHKeJepl naiina Oonaapl. byn 6uoras sxoHe
OMOJIOTHSUTBIK THIHAUTKBIITAap. HoTrkeciHae anbliHFaH OWoras ra3 YCTaFbllllKa Tycedl (ra3 cakrayra
apHajFaH pesepByap). ['a3 ycTarplTarbl Ta3 KbICHIMBI KJIANAHIAp ApPKBUIBI pETTeNedi. AJIbIHFaH
Oworasznpl KenTipy KaxkeT. OcChlIaH KeWiH FaHa OHBI KapamailbiM TaOWFU Ta3 CHUAKTHI KOJJIaHYFa
0oJ1a/IbI.

Tyitinai ce3aep: Ouoras KOHIBIPFICHL, CY KBUIBITY Ka3aHIbIFbI, peaKTop, OMopeakTop, Ouoras,
61/IO.HOI‘I/ISIJIBIK TBIHaf/'ITKBILH, ra3rojipACp, aliaTThIK OTTHIK, Ta6I/IFI/I ras.

AHHOTanus. [[aHHBI TPOEKT MNpeaycMaTpUBACT THOPHAHYIO CHCTEMY JHEProCHAOKCHHS.
DnexTponuTaHue 00ecreunBaeTCsl KOr€HEPAlMOHHON YCTaHOBKOM, KOTOpasi paboTaeT MoCpeaACcTBOM
ouoraszoBoi YCTAaHOBKH. Ororuienne o0ecreYnBaeTcs BO,Z[OFpCﬁHHM KOTJIOM, KOTOpBIﬁ IIOAIINTHIBACT
OMOra30ByI0 YCTaHOBKY ropsiaeii Bogou. [IpuHiun paboTsl 3akiodaetes B cienyromeM: 1) JlocraBka
IIpOAYKTOB Hepepa60TKH U OTXOHOB B YCTAHOBKY. B Tom ciIydae, cCCJIM OTXOAbl KUAKHC HX
uenecoo6pa3H0 JOCTaBJIATh B PCAKTOP € MOMOIINBIO CHICHUAIU3UPOBAHHBIX HACOCOB. Bonee TBECPABIC
OTXOJIbI MOTYT JOCTaBJSATHCS B PEAKTOP BPYUHYIO, JHOO MOCPEACTBOM TPAHCIOPTHOM JEHTHI. 2)
[Tepepabotka B peakrtope. Ilocie mepexogHOW €MKOCTH IMOATOTOBICHHBIC W TIOJOTPETHIE OTXOBI
noragaroT B PCAKTOP. HOI[Ol"pCB peaKkTOpa OCYHICCTBIISCTCA C IMOMOLIBIO BO,I[OFprIHOl“O KOTJ1a,
KOTOPBIN JTOCTaBIISIET TOPAYYIO0 BOAY [UIA OMOra3oBoil ycraHoBkH. 3) Beixox roroBoro mpoxaykra. I1o
HCTCUCHHUIO OIIPCACIICHHOIO BPCMCHU (OT HECKOJIBKUX YaCOB 0 HECKOJBKHX ,Z[Heﬁ) IIOABJIAKOTCA
MIepPBBIC PE3yNbTaThl OpOKEeHHs. DTO OMora3 u Ouosiorudyeckue yaodpenus. B urore momyduBImiics
ouoras IIo1rmagacT B ra3roJibacp (68.1( U XpaHCHUA rasa). l[aBJ'IeHI/Ie Tra3da B Ira3roJjibJA€pe peryjimpyecrcs
¢ nmomouiplo KianaHoB. Ilomydaemblii 6uora3 HyxJaeTcsl B ycyllke. JIMIb mociie 3Toro ero MoxHO
HCIIO0JIB30BAaTh, KaK OOBIYHBII HpI/IpO,Z[HHﬁ ras.

KuioueBbie cjioBa: OuorazoBas yCTaHOBKA, BOJOTPEHHBIA KOTEN, PEaKTop, OHOpeakTop,
6uoras, buosiornueckoe y1o0peHue, ra3royibiep, apapuitHas ropesika, IpupoIHbIi ras.

Annotation. This project provides for a hybrid power supply system. The power supply is
provided by a cogeneration plant, which operates through a biogas plant. Heating is provided by a hot
water boiler, which feeds the biogas plant with hot water. The principle of operation is as follows: 1)
Delivery of processed products and waste to the installation. In the event that the waste is liquid, it is
advisable to deliver it to the reactor using specialized pumps. More solid waste can be delivered to the
reactor manually or by means of a transport belt. 2) Processing in the reactor. After the transition tank,
the prepared and heated waste enters the reactor. The reactor is heated using a hot water boiler, which
delivers hot water for the biogas plant. 3) The output of the finished product. After a certain time (from
several hours to several days), the first results of fermentation appear. These are biogas and biological
fertilizers. As a result, the resulting biogas enters the gas tank (gas storage tank). The gas pressure in
the gas tank is regulated by valves. The resulting biogas needs shrinkage. Only after that it can be used
as ordinary natural gas.

Keywords: biogas plant, hot water boiler, reactor, bioreactor, biogas, biological fertilizer, gas
tank, emergency burner, natural gas.

1.1 Existing problems in heat and power supply to consumers of small distributed energy

Due to the climatic features of our country, more than half of its territory is deprived of
centralized heat and electricity supply. Heat supply to these settlements is provided mainly by low-
power boilers that use imported fuel. At the same time, these regions are removed from the main
highways, which increases the cost of fuel due to high delivery costs. As a result, all of the above leads
to an increase in tariffs for heat and electricity [1]. According to [2], the solution to this problem of
regional energy can be the involvement of renewable energy sources (RES) in the fuel and energy
balances. It is necessary to use local fuel resources, such as agricultural and forestry waste, animal
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husbandry and various types of biomass. According to [3], energy consumption of 18-20 billion tons in
oil equivalent is projected by 2020, which gives reason to consider renewable energy as one of the key
trends in the development of global energy. As of 2014, renewable energy sources provide
approximately 19% of the energy consumed in the world [4] and this share is expected to increase
every year due to the high rates of penetration of renewable energy into the energy market.

1.2 Current state of research and development

At the moment, new technologies of renewable energy conversion are relevant, as evidenced by
the reduction in consumption of traditional biomass [7]. One of the processing options can be
considered the production of biofuels, both in liquid and gaseous state from various types of biomass.
9 The use of biofuels will help solve a number of environmental problems, the main of which is the
use of fossil resources [8]. Currently, biofuels are considered to be fuels produced from any biomass
that can be converted into thermal energy. Compared with the use of other renewable energy sectors,
biogas plants require moderate water consumption and electricity consumption [9], which gives them
an advantage over solar and wind power plants. Also, a promising direction for obtaining biogas is the
processing of microalgae specially grown for energy purposes. Microalgae cultivation is accompanied
by lower costs compared to traditional grain crops [10] and at the same time their biomass has a
number of advantages [11]. At the moment, there are several options for biogas production plants
working in conjunction with hot water boilers, wind power and solar installations, as well as heat
exchangers [6]. It is formulated that in the summer period, excess biogas is formed, which is proposed
to be processed into liquid methanol [12]. However, with proper calculations, it is possible to use
biogas in cogeneration plants for the power supply of a nearby village. In addition, in winter, biogas
can be used in industrial boilers as an additional source of energy. This requires only the
reconstruction of the burner device. At the same time, biogas surpasses natural gas in some
characteristics [13]

1.4 Conclusions

As a result, we can say that the creation of biogas plants is relevant and will help solve a
number of problems in the energy sector: partially or completely replace outdated regional boiler
houses and provide electricity and heat to nearby settlements. In addition, such installations have some
advantages: 1) The gas utilization rate at small cogeneration plants significantly exceeds the indicators
of large thermal power plants; 2) Biogas plants do not require the construction of expensive gas
pipelines and allow to avoid electricity losses [14]. The main obstacle to the development of renewable
energy, in particular biofuel power plants, in Russia is the lack of a clear political vision of the role and
place of renewable energy in the energy sector of the future. State support is not yet regulated by clear
and precise regulatory documents, in many areas it is necessary to focus on the use of foreign
technologies and equipment.

2.1 Justification of the choice of the design object

The problem of mineral consumption is one of the most important problems worldwide. This
project provides for a hybrid power supply system. The power supply is provided by a cogeneration
plant, which operates through a biogas plant. Heating is provided by a hot water boiler, which feeds
the biogas plant with hot water. Biogas is produced from compost, liquid manure and other energy raw
materials (biomass).

2.2 Advantages of the design object

First of all, the installation provides for work on renewable energy sources (RES). Installations
of this type can be used in the conditions of agricultural enterprises, which will ensure their autonomy
and independence from power plants. Moreover, there is a high economic efficiency and a short
payback period. Do not forget that the environmental component has a better picture. The combustion
products contain less solids (CO2, NOx, etc.), which helps to reduce the greenhouse effect. Another
advantage of this installation is that the remaining dry sediment after biogas production can be used as
an agricultural fertilizer.

2.3 Disadvantages of the design object

A significant disadvantage of the biogas plant is large capital costs and low profitability of
projects. The average level of capital expenditures of most biogas plants with a capacity of 2 to 5 MW
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is in the range of 3-4 thousand euros per 1 kW. An equally important disadvantage is that the
maintenance of the thermophilic regime of biomass processing is ensured by the high consumption of
the biogas produced (about 1/3). When using this equipment in winter, additional rooms are required,
which means additional energy to maintain the microclimate.

3 Coupled flow chart
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BGP - a biogas plant; LPG — a low—pressure gas tank; HPG — a high—pressure gas tank; F —
filter; C — compressor; P — pump; BLUS - biomass loading/unloading system; HWB - a hot water

boiler; CGP — a cogeneration plant; R — pressure regulator; AS — accumulating system.
Figure 1 — Diagram of a biogas plant — a cogeneration plant with a storage system

From the loading system, the biomass enters directly into the biogas plant. The gas released in
the installation enters a low-pressure gas tank, and then, passing through the filter, into a high-pressure
gas tank. The resulting gas is used both for its own needs and for the needs of the consumer in the form
of electricity, hot water and the gas itself.

4 Calculations of the design object

The calculation is reduced to determining the capacity of the installation at the average annual
consumption of raw materials. The capacity of the installation will be estimated indirectly by the
amount of gas released per year. However, the installation under development includes a cogeneration
plant, which will cover the need for thermal and electrical energy for the livestock complex. The
remaining gas is supposed to be used as refueling for the household needs of the village or for the
production of liquid fuel — methanol.

4.1 Determination of the amount of raw materials
The livestock complex consists of cattle for 500 heads, as well as a pigsty for 200 heads. According to
[6], the daily yield of biowaste suitable for biogas production is By, = 5500 kg/day.

4.2 Determination of the amount of water

For optimal fermentation of biomass, it is necessary to add warm water of the order of 35 °C in
a ratio of 1:3, then the daily water consumption is equal to: By, = (Bpw,)/3 = 5500/3 = 1800 kg. At this
temperature, the mass of water is approximately equal to the volume, therefore: B,,. = 1800 I.

4.3 Determination of the reactor loading volume by biomass

According to [8], the reactor is loaded with raw materials for 14 days and during this time
fermentation takes place. According to [8], the density of the feedstock is: ppm = 745 kg/m3. 15 The
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mass of raw materials in 14 days: Mym. = 14 * (Bpo. + Bp. ) =) = 14 - (5500 + 1800) = 102200 Then the
loading volume of the reactor will be: Viym = Mpm, *po.m. = 102200 745 = 137 m®.

4.4 Determination of biogas output

The amount of biogas produced by the plant depends on various parameters and in most cases
is determined empirically. According to [6], the maximum output of biogas per day with a loading
volume of Vym = 137 m* is 397 m®, and the minimum is 181 m>. The average daily output of biogas,
respectively, is equal to: Viy=Vpy max + Voymino = 397 + 181 2 = 289 m?. The average annual biogas
yield will be: V,y=360 - vpy. = 360 - 289 = 104040 m°. This amount of biogas corresponds to 73
thousand m3 of natural gas.

4.5 Determination of biogas consumption for the maintenance of the livestock complex, as
well as for own needs

The consumption of biogas, m3 / day, for the energy supply of the livestock complex and the
own needs of the BSU is determined by the formula: Bpg = B n + Be, Where B, — consumption of
biogas for the production of heat: B , = Qther + Qtherencomt QeepQin - Ning, M 3 /day, those where Qiner
the heat energy used for technological needs of the livestock complex, according to [6]: Qer = 50
kWh/day; from Qinerencom the heat energy needed for heating livestock complex, according to [6]:
Qther.en.com = 2000 kWh/day; Qgep is the thermal energy consumed by the biogas plant, according to [6]:
Qscp = 900 kWh/day; Q) is the lowest heat of combustion of biogas, according to [6]: Q;» = 22000
kd/m3; npg is the efficiency of the heat generating plant, according to [6]: npg = 0.95; Substituting
numerical values: B h = Qter + Qther.encom™ Qsar Qin - Npg = (50 + 2000 + 900) - 103 22000 - 0,95 =
141,15 m® day; Be — consumption of biogas for electricity production: Be= Eie + Ebgp Q1h - e cgps
Etecn-electricity consumption for technological needs, according to [6]: Ewcn= 40 kWh/day; 17 Epgp —
electricity consumption for a biogas plant, according to [6]: Ebgp = 13 kWh/day; n cgp — efficiency of
a cogeneration plant, according to [6]: ne cgp= 0.35; Substituting numerical values: Be= Eiecn + Eb%p-QLh
‘Mg egp = (40 + 13) - 103 22000 - 0,35 = 6.8 m°/day; Bog= B n + Be = 141.15 + 6.8 = 147.95 m°/day.
According to the results of calculations, it was obtained that the loading volume of biomass into the
reactor is 137 m®, the daily output of biogas is 289 m3, the consumption of biogas for heat and energy
consumption of the livestock complex and biogas plant is 147.95 m® /day. The remaining biogas is
proposed to be used for the needs of the village.

Financing. The article was carried out with the financial support of the Science Committee of
the Ministry of Science of Higher Education of the Republic of Kazakhstan, within the framework of
the IRN AP13068541 project "Development of an experimental energy complex based on a
modernized boiler plant using biofuel”
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V]IK 658.264

3AVBITTBIH )KBLIYMEH KABJIBIKTAY )KYWUECIHIH SHEPTUS TUIMALIITTH
APTTbBIPY

BexbayoBa Caman ByaaTtoBhna
bekbauova_s@bk.ru
JL.H. T'ymuneB ateinaarsl Eypaszus yaTTHIK YHUBEPCUTETIHIH 2-1IT1 KypC MarucTpaHTHl,
Actana xanacsl, Kazakcran PecriyOnukacel

OHEpKICINTIK KOCIMOPBIHAAP KbUTy SHEPTUACHIHBIH 1pl TYTHIHYLIBLIApbl OOJIBIN TaObUIAMIbI.
MyHnpail KocimopbeIHIAPABl SHEPTUSIMEH KaOJbIKTayAarbl €H ©3€KTI MaceyeNepaid Oipi MUHUMAJIbI
KBUTY IIBIFBIHBIMEH THIMII JKbUTyMEH KaMTaMachl3 €Ty OoMbIHIIA Iapajgap MEH WHXKEHEepIiK
menrnmaep/Il 93ipiiey OOIbIT TaObLUIA b,

byn makanazna ipi 3aybITTap MbICAJIbIHAA KBUTYMEH jKa0/bIKTay JKYHeECIH jKeTinaipy OoHbIHIIA
YCBIHBICTAp 93ipiiey KapacThIpbUIFaH. KapacThIpblIFaH KOCITOPBIH KYpaMbIHA KaJIbI )KBUTY KYKTeMeci
48 rkan / car OonaThIH FUMapaTTap, KYpBUIBICTap *OHE CeMUHapiapAaH Typajsl. KocimopbIHHBIH
KBUTYMEH Ka0JIbIKTay KO31 - €Kl BICTBIK CYy Ka3aHAbIFbI 0ap KazauabiK. 30 rkai / car Kbuty eHAIpici 6ap
01p Ka3zaHIBIK oHE XKbLTy eHfipici 12 rkan / car Oap ekiHmi kazaHabK. Omap 115/70 temnepatypa
rpadukacblHa colikec kyMmblc ictelal. benmenepne «Teruoarperar» 3aybIThIHBIH Kasopudepiepi
opHatbutrad. Onap 150/70 temnepatypanslk rpadukre koHe cy TemmeparypacklHaa 115 rpanycka
NeiH >KyMBIC icTeyre apHairaH, osapablH TuiMaulri 70% temenneial. My3 KaOaTbIHBIH mHaiaa
OonyblHa OalaHbBICTBI, YTipJepae My3/aaTy maiija O0omajsl, aya TeMIepaTypachl OH Tpajlycka JaediH
temenzaeni [1]. Mynpgaii aya mapameTpiepiMeH eHiIMaepAl 00y MYMKIH emec, OyJl eHMipic
IIBIFBIHJIAPbIHA OKeNedl. OHIIPICTIK CeMMHApiapiblH SHEPreTHKANBIK cayalHaMachl >KYpri3iiii,
HOTHKeNlepl OOMBIHINA OChI KOCIMOPBIHHBIH KBUTYMEH KaOJbIKTay KYHECiH >KaHFBIPTYAbIH OlpHele
KOJIJIapbl YCHIHBUIJIBL:

1. Cy TebecineH nH(GPaKbI3bLI MaHEIbAECPl KOJIIaHY.

TeOeHiH MaHenbepiH KOJ1aHa OTHIPHIN, FUMApPATTAP bl JKbUIBITY KOHE CAJKbIHJATY bIHFAMIIBI
JKOHE COHBIMEH Oipre Kap>KbUIBIK TYpFbiAaH TuiMiai. [lanenpaepsi ke3-kenren Genmene 30 M neiin
KoJgaHyFa Oonaabl. DHEPrUsiHbI YHEMEY ajeyeTi 0acka KyleaepMeH CalbICThIPFaH/Ia SHEPTHSHBIH
40% -nan actaMbiH Kypaiiabl. JXyleHIH apThIKIIBUIBIFBI - )KBUTYIBIH apalibIK CaTKbIHIATKBIIITH (aya)
KBUTYCBI3 Tikenei Oepy. bip manenmpain KyHbl y3bIHIBIFBL 20 M, 3500-4000 eBpomaH Typasnsbl.
KommonenTTep MeH aBTOMaTHMKaHBI €CKepe OTHIpHIN, Oarackl mamameH 30% -ra aptaael. bizniH
xarnaia y3eiHabirel 13450 M Hemece 673 naHa maHeabAep Kaxer.
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