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Possibilities of using biogas in agriculture

The article discusses the possibilities of using agricultural waste for biogas production. The authors pay great
attention to domestic and foreign practice of generating energy using biogas plants. According to the authors,
the use of biogas as an integral part of renewable energy sources will have positive economic and environ-
mental effects in agriculture: reduction of greenhouse gases; recycling; job creation; increased energy securi-
ty. The authors determined the prospects for the use of biogas industry products in agriculture: it allows you
to get ready-to-use mineral fertilizers with a high content of nitrogen and phosphorus component; increases
the intensity of agriculture due to the availability of cheap heat and electricity. The article highlights the main
advantages of using biogas in agriculture: the widespread availability of raw materials in the form of agricul-
tural waste; flexibility in the marketing and use of bioenergy in rural areas. The authors made recommenda-
tions on the development of biogas energy in agriculture: development of a state program for the develop-
ment of biogas energy; opening of centers of expert and engineering consulting the implementation of biogas
energy projects; the creation of several state agricultural enterprises for the production of biogas in different
regions of the country.
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Kazakhstan is a major producer of grain and other agricultural products, which indicates significant vol-
umes of waste and residues produced, and therefore Kazakhstan has significant amounts of available waste,
especially in relation to crops, manure, and municipal solid waste. The largest volumes of mixed types of agri-
cultural waste are available in Almaty, East Kazakhstan, Zhambyl, Kostanay, Akmola, and Karaganda regions.

Agricultural waste that needs to be disposed of is itself an essential energy resource since biogas can be
obtained from almost all types of agricultural waste with varying degrees of efficiency. Thus, the develop-
ment of biogas energy is not only a possible solution to the waste problem, but also a solution to the energy
problems of agriculture [1].

A stable source of biomass for energy production in Kazakhstan is livestock waste. Currently, the agri-
culture of the Republic of Kazakhstan faces with the problem of recycling a huge amount of waste exported
from farms and stored. This leads to soil oxidation problems, alienation of agricultural land, groundwater
pollution and greenhouse gas emissions into the atmosphere. Therefore, at the state level, it is necessary to
solve the problems of agricultural waste utilization with the possibility of use in the country's energy sector.

Biomass has been used as an energy source since ancient times. Wood fuel is still the main source of
energy in most parts of the world. According to experts, in Denmark, more than 18 % of the blue fuel con-
sumed by the inhabitants of the country is biogas of its production. Germany has focused its economy on
providing residents and the biomethane industry. In Germany, more than eight thousand large biogas plants
have been installed, and their number is increasing every year. For several years, the Germans plan to supply
the country with their own gas — up to 10 % in the energy balance due to the production of biogas. In Swit-
zerland, municipal transport is largely converted into biomethane, and now more than 15 % of the country's
total motor vehicles operate on biofuel [2].

Presently, there is no data on the total and available volumes of waste and their geographical location.
Waste and residues are rarely used productively, for example, as raw materials for bioenergy projects. There-
fore, the European Bank for Reconstruction and Development is implementing a project to assess the poten-
tial in the field of bioenergy [3].

The Concept on the transition of the Republic of Kazakhstan to the «green economy» [4] stipulates that
by 2030 10 % of the structure of the volume of electricity production should consist of renewable energy
sources (RES).

For this purpose, by order of the Minister of Energy of the Republic of Kazakhstan, a target indica-
tor [5] was established to increase the total installed capacity of facilities for renewable energy sources up to
1700 megawatts (MW), including biogas plants up to 10 MW by 2020 (Table 1).
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Table 1
Targets for the development of the renewable energy sector
Ne Name of indicators Indicators
1 The share of the Volumg of electric energy generate.:d' by faciliti@s for t_he use of re- 39
newable energy sources in the total volume of electricity production until 2020
The total installed capacity of facilities for the use of renewable energy sources until
2 2020, including: 1700 MW
2.1 | Wind farms 933 MW
2.2 | Solar power plants using photovoltaic solar energy converters 467 MW
2.3 | Hydroelectric power stations 290 MW
2.4 | Biogas plants 10 MW

Source. Compiled from [5].

In modern conditions for the use of biogas plants in the long term, efforts should be aimed at increasing
the level of biomass output and modernizing agriculture. This can be achieved through the development of
technology, as well as the spread of sustainable agriculture. It is also necessary to encourage and promote the
sustainable use of residues and waste for the production of bioenergy, which poses limited or zero environ-
mental risks.

Currently, biomass is one of the world's largest sources of renewable energy and has significant poten-
tial for expanding the production of heat, electricity and fuel for transport. However, today the share of re-
newable energy sources (RES) in the global energy balance is small — about 14 %, and the contribution of
biomass — about 1.8 %. But, as practice shows, even slight fluctuations in the supply of energy resources in
the markets cause strong changes in prices. This suggests that the role of alternative energy in strengthening
stability in energy resource markets will only grow in the future. According to forecasts, the share of renew-
able energy sources will reach 47.7 % by 2040, and the contribution of biomass — 23.8 % [6].

In our opinion, the use of biogas as an integral part of renewable energy sources will give positive eco-
nomic and environmental effects in agriculture (Fig. 1).

Greenhouse gas reduction

Improving Energy

Security

Job creation

Source. Compiled by authors.

Figure 1. Economic and environmental effects of the introduction of bioenergy in agriculture
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Further deployment of bioenergy with sound management can provide:

—reduction of greenhouse gas emissions into the atmosphere;

— solving problems associated with the disposal of agricultural waste;

— Creation of new jobs in rural areas;

— improving the energy security of agriculture.

Despite the aforementioned environmental and economic advantages of biogas technologies, for the
country as a whole, obtaining energy in this way is economically insignificant and even requires certain
costs. But this problem has another aspect — social, related to the interests of the population.

In the production of biogas and its further use, not only the growing demand of the population for addi-
tional energy sources is satisfied, but sometimes the very need for fuel and energy that is absent in certain
territories is also met.

Biogas technologies can improve the well-being and quality of life of people in remote areas, rural are-
as, using local uninterrupted, cheap electricity, heat and water, using gas, for example, instead of firewood,
for domestic purposes. This will save time on housekeeping, the population will be able to use household
appliances, communications, have access to modern medical and educational equipment.

Using local fuel, local economic development is stimulated, and the number of jobs in the agricultural
sector increases, where unemployment, migration, and social problems are highest. In the world, direct and
indirect employment of workers in energy production based on biogas technologies totals 266 thousand peo-
ple. (71 thousand in the EU) [7]. According to foreign studies [8], the complexity of biogas technologies is
3.71 people / MW (for construction) and 2.28 (for operation of the installation).

Using biogas technologies creates more jobs at both the construction stage and the operational stagein
the area where these technologies are directly used. In the future, the process of applying biogas technologies
does not require a very large number of people, which is important for farmers dispersed throughout the ter-
ritory of agricultural enterprises.

Currently, no one disputes the need to build enterprises for sorting and processing household and industri-
al waste, since their work will certainly lead to an improvement in the environmental situation. Most experts
are also inclined to support the initiatives of their governments, which seek to increase the use of biofuels in the
energy sector, not only due to the introduction of quotas for greenhouse gas emissions, mainly resulting from
the burning of fossil fuels, but also to reduce dependence on energy supplies from abroad. The economies of
many countries have a heavy burden on energy purchases due to the continuous rise in their prices.

Another serious social problem arising from the environment is the deterioration of human health due to
poor environmental conditions. Thus, the incidence rate of the population in the areas where large livestock
enterprises and poultry farms operate is 1.6 times higher than its average in Russia [9]. In these places, the
population is worried about the unpleasant odor caused by the decomposition of biological waste from live-
stock farming or the introduction of manure into the fields, and is trying to counteract the appearance of such
complexes near their settlement. Biogas technologies will affect the improvement of the quality of the natu-
ral environment by reducing the amount of waste, environmental pollution, disinfection, which will lead to
better human health.

Biogas is a gas mixture that mainly consists of methane (CH4) and carbon dioxide (CO2), as well as
water vapor and other gases in small volumes. An overview of the average biogas composition is given in
Table 2.

Table 2
The average composition of biogas derived from agricultural waste

No Component Concentration

1 | Methane (CH4) 50-75 % of the formation

2 | Carbon dioxide (CO2) 25-45 % of the formation

3 | Water (H20) 22—7 % of the formation (20—40 C)
4 | Hydrogen Sulfide (H2S) 20-20 000 rt

5 | Nitrogen (N2) <2 % of the formation

6 | Oxygen (02) <2 % of the formation

7 | Hydrogen (H2) <1 % of the formation

Source. Compiled from [10].
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As you can see, biogas mainly consists of methane (50—75 %) and carbon dioxide (2545 %). The re-
sulting volume of methane, in this case, is mainly determined by the composition of the substrate used, that
is, the percentage of fats, proteins, and carbohydrates. In this case, the specific volumes of methane produc-
tion of these groups of substances are reduced in the sequence mentioned here. Reduced fats allow you to get
more methane compared to carbohydrates.

Over the past decade, technologies have been developed in the world that allows decentralized genera-
tion of large amounts of energy from bio-waste. Biogas is produced in biogas plants where biowaste is avail-
able and consumed immediately. In addition to processing waste in biogas plants, it is possible to process
specially grown energy crops, such as corn silage.

Animal wastes are of interest from their use for biogas and energy only if the animals are concentrated
in confined spaces. In this case, there is the possibility of an economically sound collection of manure with
minimal or no mud impurities.

The application of anaerobic digestion technology for the production of biogas and organic fertilizers
will be very effective for various types of farms and peasant farms, remote from centralized energy supply
systems.

The biogas industry produces not one final product, but a whole range of expensive and important
products without environmental damage (Fig. 2).

When using biogas plants as the core of an agricultural cluster, the greatest economic efficiency is
achieved, and it becomes possible to develop new products in agriculture. Received biogas products:

—allows you to get ready for use mineral fertilizers with a high content of nitrogen and phosphorus

component;

— increases the intensity of agriculture due to the availability of cheap heat and electricity.

Heat energy

biogas industry products

Source. Compiled by authors.

Figure 2. Products of the biogas industry in agriculture

Thus, biotechnology for producing biogas and related products is very promising from an environmen-
tal point of view. Consumption of environmentally friendly high-quality agricultural products when using
environmentally-friendly (biological, rather than chemical) fertilizers will contribute to the health of the
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whole population. Biogas energy is generally less hazardous to the environment than traditional energy
sources. The positive cash flow of agricultural enterprises is formed due to:

— sales of electricity;

— sales of heat energy;

— sales of gas motor fuel (compressed methane) in the open market;

— sales of biofertilizers on the open market;

— disposal of farm waste.

The disadvantages of biogas technology for the economy are quite high capital, but one-time invest-
ments. The level of these investments depends on the capacity of the installation, equipped with modern au-
tomation and control equipment and the manufacturer of specific devices. The high cost of special equipment
is also because in the absence of sufficient demand it is produced in small quantities. The installation itself is
the most cost-effective when operating it on the farm as additional equipment. Drivers for the wider use of
bioenergy (for example, government priorities for renewable energy) can increase demand for biomass,
which will lead to competition for land that is currently used for food production. This will require govern-
ment intervention, in the form of regulation of bioenergy development and/or regulation of land use, ensur-
ing sustainable demand and production. The development of appropriate policies requires an understanding
of complex issues and international cooperation on measures to ensure global sustainable biomass produc-
tion.

In our opinion, the possibility of using biogas in agriculture has two key advantages:

— the widespread availability of raw materials — solid and liquid wastes of the agricultural sector, sew-
age sludge, food industry wastes;

— flexibility in the marketing and use of energy: the use of biogas makes it possible to simultaneously
obtain several types of energy resources — gas, motor fuel, heat, electricity.

Thus, our own autonomous biogas energy in agriculture will eliminate the dependence on the rising cost
of gas, heat and electricity, possible interruptions in the supply of network energy resources, increase the
competitiveness of agricultural producers, and reduce the environmental burden. To do this, it is necessary:

— develop a state program for the development of biogas energy in agriculture with the involvement of
funding sources;

— open centers for expert and engineering consulting on the implementation of biogas energy projects;

— create several state agricultural enterprises for the production of biogas in different regions of the
country for subsequent transfer to private investors.
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AYbLI IIAPYAlIBUIBIFBIHAA 0MOTra3bl KOJAAHYAbIH MYMKIHAIKTEPI

Maxkanaga Oworas ajnxy YVIUIH aybul I[IApyamlbUIbIK KaJAbIKTapblH MaijalaHy MYMKIiHAIKTEpi Kere
KapacTBIPbUIFaH. ABTOpJap Onora3 KOHABIPFBUIAPBIHBIH KOMETIMEH SHEPrHsSHBI OHIIPYHiH OTAHJBIK JKOHE
mIeTeNiK ToKipuOeciHe Kem KeHUI OesreH. ABTOpIapIbIH HiKipiHIIe, OHoras3/bl >KaHAPTHUIATHIH SHEPTHS
Ke3JepiHiH Kypamzac 0eJiri peTiHie maiiganany aybUl MIapyallblIBIFbIHIA KaFBIM/IBI SKOHOMHKAIIBIK KOHE
9KOJIOTUSIIBIK dcepiiep Oepei: OyJibl ra3apabl KbICKApTY; KAJABIKTApAbl KOEre XKapary; JKYMbIC OPbIHIApbIH
KYPY; JHEpreTHKaJbIK KayilCi3[iKTi apTThipy. ABTOpiap aybul LIapyallbUIbIFBIHIA OHOra3 CalachbIHBIH
OHIMJICpiH KONIaHy KeJICIIETiH aHbIKTaFaH: KypaMblH/ia a30T koHe Gocdopiibl Kypambl )KOFaphl Nainananyra
JafiblH MUHEPAIJbIK THIHAWTKBIIITAPbI alyFa MYMKIHAIK Oepeli; ap3aH >KbULy MEH SJIEKTP SHEPTHsACHIHBIH
KOJDKETIMALNIN eceOiHeH aybll IIapyallbUIBIFBIHBIH —KapKBIHIBUIBIFBIH apTThipagsl. Makanaga aybil
HIapyanbUIbIFbIHAA OHOra3[pl MaiianaHy/blH HeErisri apTHIKIIBUIBIKTAPbl KEHIHEH KOPCEeTLIreH: aybul
[IapyallbIIBGIFGl  KaJIBIKTAphl TYPIHAE INWKI3aTTBIH JKammad KOJDKETIMIUIr; aybul ayMaKTapblHAa
OMOdHEPrHsSHBI OTKI3y MEH MaiifaiaHyJpIH HKeM/IiIiri. Makana aBTopiaphl aybul MIapyallbUIbIFbIHA OHora3
SHEPTeTUKACHIH AaMbITy OOMBIHIIA YCHIHBICTAP d3ipJIereH: OMora3 3HepreTHKAachlH JaMbITYIbIH MEMIIEKETTIK
GarqapiaMachlH 33ipiiey; Ouoras SHepreTHKachl OOMbIHIIA sK00anap/bl eHri3y OOWBIHIIIA capanTaMaIbIK KHE
HHXXEHEPITiK KeHec Oepy OpTalbIKTapblH ally; eNiH TYpJi eHipiepinae 6uoras enaipici 6oitbiHIIa OipHee
MEMJICKETTIK ayblI [IapyallbUIbIFbl KICIMOPBIHIAPBIH KYPY.

Kinm ce30ep: aywln IapyamibUIBIFBI, OuWoras, Owomacca, OWORHepreTWka, Owora3 cajachkl, OHOTa3s
KOHJIBIPFBUIAPEI, aybLIIIAPyalIbUTBIK KAIIBIKTaPBL.

T.K. Bonsicos, 3.K. XXansibaeBa, b.C. Ecenrensnun, M.K. Tyneybaena

Bo3MOKHOCTH HCITOJIB30BAHUSA 0MOra3a B CeJIbCKOM XO0351liCTBe

B craree paccMOTpeHBI BO3MOXKHOCTU HCIIOJIB30BAHUS CEJIbCKOXO3SMCTBEHHBIX OTXOAOB IS IOJNY4YCHUS
Ouoraza. ABTopamu 6OJIBIIOE BHUIMAHKE YAEIEHO OTEYECTBEHHOHN 1 3apyOeKHOH IpaKTHKe BEIPAOOTKH YHEP-
THH C TIOMOIIEI0 OMOTa30BEIX YCTaHOBOK. [10 MHEHHMIO aBTOPOB, HCIOJIB30BaHNE OHOTa3a Kak COCTaBHOM Jac-
TH BO300HOBJIIEMbIX HCTOYHUKOB SHEPTHH JACT MOJIOKUTEIIbHBIE SKOHOMUYECKHE U 3KoJIornyeckue 3 dex-
TBI B CEJILCKOM XO3SICTBE, @ MMEHHO: COKpAIlleHNE TTAPHUKOBBIX Ia30B; YTHIM3AIMA OTXOJOB; CO3/aHHE pa-
60uYNX MECT; IOBBIIIEHHE YHEPreTHUECKON 6e30MMacHOCTH. ABTOpaMHU OINPEAENIEHbI TIEPCIEKTHBBI MPUMEHe-
HHS IPOAYKTOB OMOTAa30BOI OTPACIH B CETHCKOM XO3SHCTBE: MO3BOJISIET MOMYYaTh yXKe TOTOBbIE K HCIIOJNB30-
BaHMIO MUHEPAIBHbIE YIOOPEHHsI C BBICOKHUM COAEpKaHHeM a30THOH U (ochopHOH cocrapisiomeil; MOBHI-
HIaeT MHTEHCHBHOCTh CEIbCKOTO XO3SMCTBAa 3a CUET JOCTYIHOCTH JCIIEBOrO TEIUIA U AIIEKTPOIHEPIUU.
B craTbe BEIIEIEHBI OCHOBHBIE ITPEHUMYIIECTBA UCIIOIB30BAHMS OHOrasa B CEIILCKOM XO3SHCTBE: IIOBCEMECT-
Hasl JOCTYITHOCTb CBIPbSl B BH/IE CEIBCKOXO3SHCTBEHHBIX OTXOJOB; THOKOCTH COBITA M MCIIOIB30BaHUS OHO-
SHEPTHU B CENIbCKUX TEPPUTOPHSAX. ABTOpaMU CTaThbH NMPEATOKEHbl PEKOMEHIAIMU 110 Pa3BUTHIO OHMOraso-
BOW HEPTeTHUKH B CENbCKOM XO3SIiCTBE: pa3paboTKa rocyqapCTBEHHON MPOTrpaMMBbl Pa3BUTUS OHOTa30BOM
SHEPreTHKH; OTKPHITHE LIEHTPOB SKCIEPTHOTO ¥ WHKEHEPHOTO KOHCYIbTHPOBAHUS 110 BHEAPEHHIO IIPOECKTOB
1o 61Ora30BOi SHEPreTHKe; CO3aHNe HECKOIBKUX TOCYJapCTBEHHBIX CEIbCKOXO03SAICTBEHHBIX NPEANPUATHI
10 TIPOU3BOACTBY OMOTa3a B pPa3HBIX PETHOHAX CTPAHEL.

Knrouegvie cnosa: cembckoe XO3$II>1CTBO, 61/101"33, 6HOMacca, 6I/IO3HepFeTI/IKa, ouora3oBast 0Tpacib, ouoraso-
BbI€ YCTAHOBKH, CEITbCKOXO03SUCTBEHHBIE OTXO/IBI.
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