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The article provides an overview of biogas technologies abroad and in Kazakhstan, the experience of
foreign countries in the biogas industry, the development and prospects for the introduction of biogas plants in the
Republic of Kazakhstan for the environmentally friendly and profitable processing of organic agricultural waste,
food production, processing enterprises. Recommendations are given on the specifics of the design of biogas
plants in the difficult climatic conditions of Kazakhstan (especially in the north, east and central Kazakhstan). The
current design of a biogas plant (filling volume 3.7 m®) is shown, in the design of which units of our own design
were used, this is a peristaltic pump and a raw material grinder. The efficiency of a number of units, in particular
a new design peristaltic pump, was shown in the course of the experiments.
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Introduction

Environmental pollution in the world has become rampant, therefore many countries, under pressure
from the public, environmental organizations, are fighting harmful emissions, environmentally dirty
industries. At the end of 2019, renewable energy sources showed good growth, wind energy reached
(5.44%), solar energy (2.71%), biomass and waste (2.24%) and "other renewable energy sources" (0.4 %) of
the total electricity generation in the world [1]. In 2020, the 27 countries of the European Union received
more electricity from renewable sources than from fossil fuels for the first time. The share of coal, gas and
oil decreased to 37%, while wind, sun, hydropower and biomass provided 38% of the total generation in the
EU, increasing production by 10% [2-6].

It is most correct to evaluate and compare the cost of electricity obtained by different methods using the
EROI (energy returned on energy invested) indicator - the ratio of energy received from a source to the
amount of energy spent on its receipt. For example, EROI 20: 1 for a certain type of fuel means that from
each consumed kWh it is possible to generate 20 kWh [7]. The hydroelectric power plant has the highest
EROI, close to 100: 1. For coal and gas fired power plants, EROI ranges from 30: 1 to 75: 1. For renewable
energy sources (except for hydro resources), the indicators are as follows: for wind power plants EROI
reaches a maximum of 16: 1, for solar power plants a maximum of 3.8: 1 [7].

One of the types of renewable energy sources is biogas (purified biomethane), obtained by anaerobic
methane fermentation of biomass, i.e. organic waste from agriculture and processing plants, etc. The
advantage of using biomass energy by methane fermentation (as opposed to solar and wind energy) is
independence from meteorological conditions, i.e. continuity and stability in energy use, a high EROI from
30: 1 to 75: 1 (depending on raw materials, technology perfection, climatic conditions, the degree of biogas
purification and the volume of the bioreactor), additional income from the obtained biofertilizers and solving
the ecological problem of waste and pollution environment. Biogas production prevents methane emissions
into the atmosphere [3]. According to forecasts, the contribution of biomass as an additional source of energy
by 2020 will reach 23.5% of the total energy consumption in the world [8].

The aim of the work is to create a relatively inexpensive, efficient and adapted to the conditions of work
in the region (in our case, East Kazakhstan) industrial biogas plant, which is quite relevant. The practical
significance and novelty of the developed design of the biogas plant is the use of auxiliary units of our own
design, since the use of foreign analogues leads to a significant increase in the cost of the installation, this is
the design of the peristaltic pump and the design of the raw material grinder being developed. The efficiency
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of a number of units, in particular a peristaltic pump of a new design, was shown on the created bioreactor
unit (Figure 1), with a total volume of the bioreactor V = 4.62 m°.

The next stage of our work (it is planned to show at the end of the work in a separate article), the
creation of an industrial underground biogas plant (based on climatic conditions) for peasant farms with the
further use of the obtained gas for generating electricity and use in everyday life, which would solve the
problem of distant farms in providing own electricity and heat.

1. Contents and methods. The use of biogas technologies abroad

The leaders in biogas production are the countries of the European Union (EU). In European countries,
75% of biogas is obtained from agricultural waste, 17% - from organic waste from private households and
enterprises, another 8% - from wastewater (installations in sewage treatment plants). Denmark is the leader
in the use of biogas: this type of fuel provides almost 20% of the country's energy consumption. [8-12].

Asian countries (China, India, Nepal, etc.) are the leaders in the world in terms of the number of
functioning BGS, including mini-installations. In Africa and Asia, the bulk of biogas is produced from food
waste, as well as from human waste (sewage). There are about 2 million biogas plants operating in African
countries, which provide gas to more than 10 million people [10].

In Latin America, Brazil and Argentina are among the leading countries in the world in terms of the
number of vehicles fueled by biogas. In 2010, a social project Biobolsa was launched in Mexico, which
provided local farmers with inexpensive biogas plants; this project is actively developing in 9 countries of
Latin America and Africa [13, 14]. The biogas market in the USA is much smaller than in Europe. Despite
the presence of a large number of farms, there are only about 200 biogas plants operating on the waste of
agricultural complexes on the territory of the country. At landfills, the United States is actively introducing
technology for producing landfill gas, collecting and disposing of landfill gas [8-10]. In the CIS countries,
biogas plants are being actively introduced in Ukraine, Belarus, Kyrgyzstan, and the Russian Federation. In
Uzbekistan, at present, biogas plants (BGU) have been introduced in 45 farms with a total annual capacity of
1.1 million cubic meters of biogas [15]. Large BGS are designed mainly according to individual projects,
depending on the type of raw materials (vegetable, industrial waste or animal husbandry waste), its quantity
and the purpose of gas production (energy production, heating).

In the USA, Europe, the CIS countries (Ukraine, Belarus), they mainly use the designs of European
manufacturers, these are large vertical aboveground reactors (due to climatic conditions), insulated, heating
the reactor using a heat exchanger, heat is generated on the produced gas, the operating mode is thermophilic
(for example, Swiss firm Zorg Biogas BMGH). In the countries of Asia, Africa, Latin America, along with
large biogas plants, there are many small and medium biogas plants designed for small farms. The designs of
small (gas production from 2 m3), often artisanal biogas plants differ in variety (vertical, horizontal, without
mixing, etc.) and are made of improvised material (brick, plastic, rubber, metal), the temperature regime is
psychophilic or mesophilic. However, there are a number of common features, these are mainly above-
ground (or buried), non-insulated structures, with a vertical or horizontal reservoir (in a number of small
biogas plants, the reservoir is a rubber or plastic bag, for example, according to the Biobolsa program in
Latin America). Basically, China occupies the niche of selling small biogas plants [10, 13, 14].

2. Development and prospects for the introduction of BGP in Kazakhstan

The process of introducing BSU in the Republic of Kazakhstan is at the initial stage of its development.
One of the successful BSU projects for generating electricity from the waste of a pig-breeding complex was
implemented in the Zhambyl region. The daily productivity of biogas is 5300 cubic meters per day [16]. In
the village of Vostok, Kostanay region, biogas and electricity were obtained on an industrial scale (the date
of the launch of the biogas plant is 12/31/2009). All equipment for biogas and electricity production was
designed and supplied by Zorg Biogas Ukraine. The biogas station, consisting of 2 reactors of 2400 m3 each,
has been brought to full capacity; it is planned to receive 3 million kWh of electricity from biogas annually.
The raw material for the station is manure from large and small livestock, as well as grain waste. The cost of
the biogas plant is 400 million tenge [16].

In the East Kazakhstan region, in the village of Privolnoye, a biogas plant operates on the basis of the
Bagration farm, which allows to process 10 tons of manure per day and produce 400 cubic meters of biogas
[16]. In November 2017, in Shymkent, the first biogas plant with a capacity of 0.5 MW was launched in
Central Asia. In the complex of this biogas plant, new technologies of the Czech company HEDVIGA
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GROUP are used - the production of heat and electricity by treating wastewater from the city's treatment
facilities and extracting biogas from it (300 m3 / day). The total cost of the project is 2 billion 200 million
tenge [17].

In 2018, in the village of Kurminskoye, Abay district, Karaganda region, the poultry farm launched a
biogas station for processing poultry manure. The cost is 573 million tenge, modern European equipment has
been installed. Capacity - 8,800,000 kWh of electricity, over 18 thousand tons of biofertilizers per year, up to
23 thousand cubic meters are produced daily. m of biogas. The enterprise processes about 150 tons of poultry
waste per day and produces about 14 thousand kWh of electricity from biogas [18].

In the North Kazakhstan region, a biogas plant is under construction for processing up to 40 tons of
poultry farm waste per day with obtaining up to 9500 m3 / day of biogas, 1 MW electricity and biofertilizer.
The equipment was supplied by the Russian company "AgroBioGas", the cost of the construction of the
biogas plant is US $ 3 million [19]. They want to implement a similar project on the basis of the Ust-
Kamenogorsk poultry farm in East Kazakhstan region [20].

Of the operating small biogas plants in the Republic of Kazakhstan, it is necessary to mention the
installations of Samat Abenov (director of FE "Abenov"). The inventor made 4 experimental industrial
prototypes. The biogas production process at one of the plants with a daily volume of 5 m3 is fully
automated. Biogas is used by an entrepreneur for his own needs, and biofertilizers are sold at a bargain price
to peasant farms (Enbekshi settlement, Talgar region, near Almaty) [21].

Anaerobic processing of manure four times - in comparison with unfermented manure - increases the
content of ammonium nitrogen (20 + 40% of nitrogen goes into the ammonium form). The assimilable
phosphorus content doubles to 50% of the total phosphorus. In addition, during fermentation, weed seeds,
which are always contained in manure, are completely killed, microbial associations, helminth eggs are
destroyed, an unpleasant odor is neutralized, i.e. the required ecological effect is achieved [23]. When
comparing biofertilizers with other types of fertilizers, we have the following quality indicators [24] (table
1). Comparison of biofertilizers and other fertilizers by value [24] (table 2).

Table 1. Comparison of quality indicators of biofertilizers with other types of fertilizers

Indicators Biofertilizers Mineral fertilizers Organic fertilizers
(manure, droppings)

Assimilation by plants, % 100 35+40 80

Nitrogen loss, % 5+8 50 30

Nitrate content in products - + -

Leaching from the soil, % 15 50 80

Table 2. Cost indicators of biofertilizers and other fertilizers (in tenge)

Fertilizers Application rate, kg / ha Cost, tenge / kg Total cost, tenge / ha
Mineral fertilizers 300 64 19200
Manure 6000 1,2 7200
Biofertilizers 3000 0,8 2400

Thus, biofertilizers are 8 times cheaper than mineral fertilizers, and 3 times cheaper than manure when
applied per hectare, not to mention the quality indicators indicated above. As we see in Kazakhstan, all large
biogas plants are mainly designed by European and Russian companies, however, the segment of medium
(filling 15 - 55 m®) biogas plants for peasant farms is practically not involved. China is present in this
segment, but Chinese biogas plants are not always suitable for the harsh continental climate of Kazakhstan,
and the development of a domestic heated biogas plant with an underground location of the reservoir is
necessary. Thus, the object of research is a domestic biogas plant, raw material cattle manure. Anaerobic
processing of biomass was carried out at a biomass plant with a reversible peristaltic pump and grinder. The
biogas yield was determined according to generally accepted methods.
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3. Discussion of results

Researchers of the scientific department "Natural Science and Engineering” of the University of
Shakarim in Semey designed and then manufactured at the plant LLP "Metallist" (Semey, East Kazakhstan
region) and successfully tested an industrial complex biogas plant with a wind turbine.

The installation (Figure 1) is automated, with a total volume of the bioreactor V = 4.62 m3 (filling
volume VAill = 0.8, V = 3.7 m3), can process 158.6 kg of fresh cow manure (or other organic waste) daily
after the biogas plant enters the mode (mesaphilic, 16 days after the first loading) with the production of
about 8 m3 and more biogas per day, after purification in columns and filters (biogas purification system)
about 5 m3 of biomethane (more than 90% CH4). This BGP is protected by the RK patent No. 32805. The
difference between this unit is the use of a peristaltic pump with a grinder (protected by RK patents No.
31872 and No. 33061), instead of a recirculation pump with a hydrocyclone to provide a lighter mode of
mixing the biomass. The developed pump design has shown its energy efficiency in the course of
experiments in comparison with foreign analogues (table3) [25-27].

Table 3. Comparative characteristics of peristaltic pumps

Description Foreign analogues Proposed design
No. HCT-25-110 IMH-15-1,5/,5,5
1 Hose diameter 25 15 50
2 Electric motor power, kW 1,5 0,75 0,75
3 Pump rotor speed, rpm 60 35,5 0-80 (adjustable)
4 Productivity, m3 / hour (liter / hour) 1,32 (1320) 1,2 (1200) 2,2 (2160)
5 Maximum pressure, kg / cm?2 12 4 -
6 Specific electricity consumption 0,88 0,625 0,341
7 Cost, thousand tenge 700,000 299,700

Currently, biogas plants are not mass-produced in Kazakhstan, but large industrial installations on the
market are mainly of foreign production and rather expensive, meanwhile the number of livestock and
poultry in the country is increasing annually [28], and agricultural waste is a stable source of biomass. The
annual output of livestock and poultry waste by dry weight is 22.1 million tons, or 8.6 billion m3 of gas (gas
consumption - 13 million tons, sheep - 6.2 million tons, horses - 1 million tons), plant residues - 17.7 million
tons (wheat - 12 million tons, barley - 6 million tons, or 8.9 billion m3), which is equivalent to 14 + 15
million tons of standard fuel, or 12 , 4 million tons of fuel oil, or more than half of the volume of oil
produced [29]. Currently, the following features and prerequisites for the development of the biogas industry
in Kazakhstan have developed:

- Kazakhstan occupies the second place in the CIS in terms of area and the ninth in the world, while the
total population is 18.833 million people (data as of November 1, 2020), therefore, there are no problems
with land areas to increase the size of biogas plant in width and length for farms.

- The climate in Kazakhstan is sharply continental, average temperatures in January are from minus 18
° C in the north to minus 3 ° C in the south, the average July temperature is from + 19 ° C in the north to +
29 © C in the south. The lowest temperatures: up to minus 45 ° C in the north, east and central part, up to
minus 30 ° C in the south. Daily drops can reach 20 ° C [22]. From the point of view of energy efficiency, it
is more profitable to introduce bioreactor units in the south (as in the whole world), and in the north, east and
central part of the Republic of Kazakhstan, special attention should be paid to thorough and thorough thermal
insulation of bioreactors (methane tanks), to locate bioreactors indoors or underground.

- In the south of Kazakhstan, due to the rapid development of greenhouses, there are no problems with
the sale of biofertilizers at a favorable price. In addition, in the south, it is beneficial to combine biogas with
greenhouses for farms, and use biogas for their own needs, since it is problematic to sell it at a low price of
natural gas (methane), with the exception of non-gasified areas.

- Agricultural lands of Kazakhstan occupy 222.998 million hectares [30]. The presented data show not
only the huge potential of biomass, but also the potential for the use of biofertilizers, taking into account in
this regard the program for the development of saline soils in Uzbekistan.
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- RK is a manufacturer (and from its own resources) of metal products, building materials (including
cement, gravel, crushed stone, bitumen, etc.) required for the manufacture of biogas plants and biogas
equipment.

- In the Republic of Kazakhstan (in particular in the East Kazakhstan region), deposits of zeolite ores
are being developed, including the production of zeolite, a valuable natural material for cleaning and drying
biogas.

Fig.1. Industrial complex biogas plant of our own design.

It should be noted that most suppliers of bioreactor plants abroad (including the Russian Federation)
[29] and individual entrepreneurs in the Republic of Kazakhstan widely advertise and sell bioreactor plants
(moreover, it is expensive, about USD 1300 per 1 m® of bioreactor), not including an important and
necessary for the normal implementation of the technological process, equipment as a raw material grinder.
The fact is that there is a noticeable amount of fibrous part in the manure, which clogs pipelines and pumps
with poor-quality grinding, contributes to the formation of a crust in the bioreactor, prevents the normal
release of biogas, and increases the time of methane fermentation. The designs of grinders developed by the
staff of the scientific department of the University of Shakarim are effective, practical and inexpensive in
comparison with foreign counterparts (for example, a similar German grinder costs about 13,000 euros).
Also not included in the kit in most cases, the biogas purification system and other equipment.

Conclusion

1. Kazakhstan has the potential and rich raw material base for the development of the biogas industry;

2. From the point of view of manufacturing, energy efficiency, reliability, ease of operation,
maintenance, repair and low price (relative to the one offered on the market) in the Republic of Kazakhstan,
it is more promising to introduce biogas plant of its own domestic developments from domestic (local)
materials. These are installations of our own design with horizontal underground concrete or steel bioreactors
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with thermal insulation, a heating system installed in the lower part of the concrete housing (for concrete) or
in the form of a thermal jacket (for steel), with mobile submersible mixers made of corrosion-resistant
materials with a sealed drive design, with a complete set of domestic technological equipment (a raw
material grinder, a receiving tank with a mixer, pumps, instrumentation and automation, electrical
equipment, pipeline fittings, connecting pipes and hoses, a water seal with a water indicator, a biogas
purification system, a compressor for biogas injection, a gas holder).

3. These installations are obtained in the price range from 280 US dollars per 1 m3 of bioreactor volume
of bioreactor, for installations with a volume of 250 m3 and more; for a bioreactor bioreactor volume of 50
m3 and more, the price is up to 480 US dollars per 1 m3 (for smaller volumes of bioreactor bioreactor it is
more expensive), which makes them competitive in the market and enables a quick payback (no more than 2
years).

4. It is necessary to introduce in the biogas industry of the Republic of Kazakhstan biostimulants of our
own domestic developments based on natural Kazakhstani raw materials to increase the yield of biomethane
and reduce the time of methane fermentation.

5. Biofertilizers obtained as a result of methane fermentation should be used to improve and increase
soil fertility of agricultural lands, expand greenhouse farms, to create a Kazakhstani market for biofertilizers,
which is necessary for a short payback period for the introduced biofertilizers, as well as for the production
of feed supplements.
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