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ӛнімдері мен қалдықтарды қондырғыға жеткізу. Егер қалдықтар сҧйық болса, оларды 

мамандандырылған сорғылардың кӛмегімен реакторға жеткізген жӛн. Қатты қалдықтар 

реакторға қолмен немесе кӛлік таспасы арқылы жеткізілуі мҥмкін. 2) реакторда қайта ӛңдеу. 

Ӛтпелі сыйымдылықтан кейін дайындалған және қыздырылған қалдықтар реакторға тҥседі. 

Реакторды жылыту биогаз қондырғысы ҥшін ыстық су жеткізетін су жылыту қазандығының 

кӛмегімен жҥзеге асырылады. 3) Дайын ӛнімнің шығуы. Белгілі бір уақыттан кейін (бірнеше 

сағаттан бірнеше кҥнге дейін) ашытудың алғашқы нәтижелері пайда болады. Бҧл биогаз және 

биологиялық тыңайтқыштар. Нәтижесінде алынған биогаз газ ҧстағышқа тҥседі (газ сақтауға 

арналған резервуар). Газ ҧстағыштағы газ қысымы клапандар арқылы реттеледі. Алынған 

биогазды кептіру қажет. Осыдан кейін ғана оны қарапайым табиғи газ сияқты қолдануға 

болады. 

Тҥйінді сӛздер: биогаз қондырғысы, су жылыту қазандығы, реактор, биореактор, биогаз, 

биологиялық тыңайтқыш, газгольдер, апаттық оттық, табиғи газ. 

Аннотация. Данный проект предусматривает гибридную систему энергоснабжения. 

Электропитание обеспечивается когенерационной установкой, которая работает посредством 

биогазовой установки. Отопление обеспечивается водогрейным котлом, который подпитывает 

биогазовую установку горячей водой. Принцип работы заключается в следующем: 1) Доставка 

продуктов переработки и отходов в установку. В том случае, если отходы жидкие их 

целесообразно доставлять в реактор с помощью специализированных насосов. Более твердые 

отходы могут доставляться в реактор вручную, либо посредством транспортной ленты. 2) 

Переработка в реакторе. После переходной емкости подготовленные и подогретые отходы 

попадают в реактор. Подогрев реактора осуществляется с помощью водогрейного котла, 

который доставляет горячую воду для биогазовой установки. 3) Выход готового продукта. По 

истечению определенного времени (от нескольких часов до нескольких дней) появляются 

первые результаты брожения. Это биогаз и биологические удобрения. В итоге получившийся 

биогаз попадает в газгольдер (бак для хранения газа). Давление газа в газгольдере регулируется 

с помощью клапанов. Получаемый биогаз нуждается в усушке. Лишь после этого его можно 

использовать, как обычный природный газ. 

Ключевые слова: биогазовая установка, водогрейный котел, реактор, биореактор, 

биогаз, биологическое удобрение, газгольдер, аварийная горелка, природный газ. 

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 

 
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 Bb.o. = 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 ℃ in 

a ratio of 1:3, then the daily water consumption is equal to: Bw. = (Bb.w.)/3 = 5500/3 = 1800 kg. At this 

temperature, the mass of water is approximately equal to the volume, therefore: Bw. = 1800 l. 

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: 𝜌b.m. = 745 kg/m3. 15 The 
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mass of raw materials in 14 days: 𝑀b.m. = 14 · (𝐵b.o. + 𝐵b. ) =) = 14 · (5500 + 1800) = 102200 Then the 

loading volume of the reactor will be: 𝑉b.m. = 𝑀b.m. ·𝜌b.m. = 102200 745 = 137 m
3
. 

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 𝑉b.m. = 137 m
3
 is 397 m

3
, and the minimum is 181 m

3
. The average daily output of biogas, 

respectively, is equal to: 𝑉b.y.= 𝑉b.y. 𝑚𝑎𝑥 + 𝑉b.y.𝑚𝑖𝑛2 = 397 + 181 2 = 289 m
3
. The average annual biogas 

yield will be: 𝑉b.y.=360 · 𝑉b.y. = 360 · 289 = 104040 m
3
. 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: 𝐵bg. = 𝐵 h + 𝐵e, where 𝐵h – consumption of 

biogas for the production of heat: 𝐵 h = 𝑄ther + 𝑄ther.en.com+ 𝑄BGP·𝑄l.h · ɳhg, m 3 /day, those where 𝑄ther 

the heat energy used for technological needs of the livestock complex, according to [6]: 𝑄ther = 50 

kWh/day; from 𝑄ther.en.com the heat energy needed for heating livestock complex, according to [6]: 

𝑄ther.en.com = 2000 kWh/day; 𝑄BGP is the thermal energy consumed by the biogas plant, according to [6]: 

𝑄BGP = 900 kWh/day; 𝑄l.h is the lowest heat of combustion of biogas, according to [6]: 𝑄l.h = 22000 

kJ/m3; ɳhg is the efficiency of the heat generating plant, according to [6]: ɳhg = 0.95; Substituting 

numerical values: 𝐵 h = 𝑄ther + 𝑄ther.en.com+ 𝑄BGP·𝑄l.h · ɳhg = (50 + 2000 + 900) · 103 22000 · 0,95 = 

141,15 m
3
 day; 𝐵e – consumption of biogas for electricity production: 𝐵e= Etech + Ebgp·𝑄l.h · ɳe cgp, 

Etech-electricity consumption for technological needs, according to [6]: Etech= 40 kWh/day; 17 Ebgp – 

electricity consumption for a biogas plant, according to [6]: Ebgp = 13 kWh/day; ɳe cgp – efficiency of 

a cogeneration plant, according to [6]: ɳe cgp= 0.35; Substituting numerical values: 𝐵e= Etech + Ebgp·𝑄l.h 

· ɳe cgp = (40 + 13) · 103 22000 · 0,35 = 6.8 m
3
/day; 𝐵bg= 𝐵 h + 𝐵e = 141.15 + 6.8 = 147.95 m

3
/day. 

According to the results of calculations, it was obtained that the loading volume of biomass into the 

reactor is 137 m
3
, 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
3
 /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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Л.Н. Гумилев атындағы Еуразия ҧлттық университетінің 2-ші курс магистранты,  

Астана қаласы, Қазақстан Республикасы 

 

Ӛнеркәсіптік кәсіпорындар жылу энергиясының ірі тҧтынушылары болып табылады. 

Мҧндай кәсіпорындарды энергиямен жабдықтаудағы ең ӛзекті мәселелердің бірі минималды 

жылу шығынымен тиімді жылумен қамтамасыз ету бойынша шаралар мен инженерлік 

шешімдерді әзірлеу болып табылады.  

Бҧл мақалада ірі зауыттар мысалында жылумен жабдықтау жҥйесін жетілдіру бойынша 

ҧсыныстар әзірлеу қарастырылған. Қарастырылған кәсіпорын қҧрамына жалпы жылу жҥктемесі 

48 гкал / сағ болатын ғимараттар, қҧрылыстар және семинарлардан тҧрады. Кәсіпорынның 

жылумен жабдықтау кӛзі - екі ыстық су қазандығы бар қазандық. 30 гкал / сағ жылу ӛндірісі бар 

бір қазандық және жылу ӛндірісі 12 гкал / сағ бар екінші қазандық. Олар 115/70 температура 

графикасына сәйкес жҧмыс істейді. Бӛлмелерде «Теплоагрегат» зауытының калориферлері 

орнатылған. Олар 150/70 температуралық графикте және су температурасында 115 градусқа 

дейін жҧмыс істеуге арналған, олардың тиімділігі 70% тӛмендейді. Мҧз қабатының пайда 

болуына байланысты, ҥтірлерде мҧздату пайда болады, ауа температурасы он градусқа дейін 

тӛмендеді [1]. Мҧндай ауа параметрлерімен ӛнімдерді бояу мҥмкін емес, бҧл ӛндіріс 

шығындарына әкеледі. Ӛндірістік семинарлардың энергетикалық сауалнамасы жҥргізілді, 

нәтижелері бойынша осы кәсіпорынның жылумен жабдықтау жҥйесін жаңғыртудың бірнеше 

жолдары ҧсынылды: 

1. Су тӛбесінен инфрақызыл панельдерді қолдану. 

Тӛбенің панельдерін қолдана отырып, ғимараттарды жылыту және салқындату ыңғайлы 

және сонымен бірге қаржылық тҧрғыдан тиімді. Панельдерді кез-келген бӛлмеде 30 м дейін 

қолдануға болады. Энергияны ҥнемдеу әлеуеті басқа жҥйелермен салыстырғанда энергияның 

40% -дан астамын қҧрайды. Жҥйенің артықшылығы - жылудың аралық салқындатқышты (ауа) 

жылусыз тікелей беру. Бір панельдің қҧны ҧзындығы 20 м, 3500-4000 евродан тҧрады. 

Компоненттер мен автоматиканы ескере отырып, бағасы шамамен 30% -ға артады. Біздің 

жағдайда ҧзындығы 13450 м немесе 673 дана панельдер қажет. 
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