VYK 662.7:338.43
Plotnytska S. I,
Doctor of Economic Sciences, Associate Professor, O.M. Beketov National
University of Urban Economy in Kharkiv, Ukraine;
e-mail: svitlana.plotnytska@gmail.com, ORCID ID: 0000-0002-0634-1848
Arutiunian R. R.
PhD in Economics, Associate Professor
Odessa national economic university, Ukraine;
e-mail: ruzaodessa@gmail.com, ORCID ID: 0000-0001-6577-390X
Berezhna Yu. H.
PhD in Economics, Senior Lecturer,
Luhansk National Agrarian University, Ukraine;
e-mail: uliana_gen@mail.ru, ORCID ID: 0000-0003-0522-8349
Bogomolova K. S.
PhD in Economics, Senior Lecturer, Kharkiv Petro Vasylenko National
Technical University of Agriculture, Ukraine;
e-mail: a_bogomolov@ukr.net, ORCID ID: 0000-0002-4908-3826

FORMATION AND EFFICIENT DEVELOPMENT OF BIOGAS PRODUCTION IN THE
AGRICULTURAL SECTOR

Abstract. In conditions of the country's economy decline, the agrarian sector is the driving
force behind the processes of economic stabilization. 17% of the country's GDP is created in agri-
culture, and agricultural products are exported at the amount of 17.9 billion dollars, representing
33.6% of all overseas incomes of the country, while the level of state support is rather low and
amounts to only 1% of GDP.

The increase in tariffs for the main energy sources leads to a constant increase in material
costs for crop and livestock production. The average annual growth of material expenses for the
2014-2016 period constituted 7.8% for fuel and lubricant materials, 15.2%- for electricity, 6.4% -for
fuel and energy. Thus, according to the actual data farmers should have profitability not lower than
25.4%, however they received a loss of UAH 1.2 bn.

Under such conditions, it is necessary to mobilize own finances to form a raw material base
and to introduce the use of alternative energy sources in agriculture.

215904.6 thousand heads of cattle and poultry are concentrated in agriculture, only 54% of
which - in agrarian enterprises. According to our estimates, the theoretical potential of biogas output
got from animal waste was 1.75 billion m® in 2016, while the potential level needed for energy pur-
poses equals to 0.76 million tons. Moreover, according to experts, the possible energy potential of
biogas is expected to increase to 2.38 million tons in 2050.

According to the research, it has been established that the use of biogas has the following
advantages over traditional fuels, namely: the use of biogas is attractive either because of lower cost
or due to economic incentives; if farmers can not get permission (license) for the supply of electrici-
ty obtained from biogas to the general power grid according to the "green tariff", they use this ener-
gy for their own economic purposes; the construction of new biogas and bio-methane plants re-
ceives investment grants from 20 to 30% of the total volume of investments; the chemical composi-
tion of biogas is similar to that of natural gas, which makes it possible to sell it to the gas distribu-
tion network, while enriching it by bio-methane and using as gaseous fuel; to use waste received as
a result of biogas obtaining as enriched organic fertilizers for the needs of plant growing; the use of
livestock waste for the production of biogas reduces the burden on the environment and the cost of
utilizing such waste.

Keywords: alternative fuels, renewable energy sources, energy resources, biogas, bio-
methane, material costs, efficiency
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®OPMYBAHHS TA EOEKTUBHHUI PO3BUTOK BUPOBHUIITBA BIOT'A3Y B AT'PA-
PHOMY CEKTOPI

AHoTanisi. B ymoBax 3aHenaay eKOHOMIKM KpaiHH, arpapHUN CEKTOP BUCTYIAE PYIIIHHOIO
CHJIOIO TPOILIECIiB eKOHOMIUHOI cTabinizalii. B arpapnomy cexropi crBoproersest 17% ycboro BBII
KpaiHH, eKCIOPTYEThCS arpapHoi npoAyKuii Ha cymy 17,9 mupa mo:n., mo ctanoBuTh 33,6% ycieio
BAJIOTHUX HAIXOKEHb y KpaiHy, IPU IbOMY PIBEHb JEP>KaBHOI MIATPUMKHU € JOBOJI HU3BKUM U
cTaHoBUTH ycboro 1% BBIL.

3pocranHs Tapu(iB HA OCHOBHI €HEPTOHOCIT MPU3BOANUTH A0 MOCTIHHOTO 3POCTaHHS MaTepi-
abHUX BUTPAT HA MPOIYKIII0 POCIMHHUITBA i TBapUHHULTBA. CepeaHbOpIiuHe 3pOCTaHHS MaTepi-
anpHUX BUTpat 3a 2014-2016 pp. cTaHOBMIIO Ha MalNbHO-MACTUIbHI Matepianu 7,8%, Ha enekTpoe-
Heprito 15,2%, nanuso ta eHeprito 6,4%. Takum yuHOM, arpapii MOBUHHI OTPUMYBATH PIBEHb PEH-
TabenbHOCTI He HIbKYe 25,4%, 3a PaKTUYHUMH K JAaHUMH OTpUMaIX 30MTOK y po3mipi 1,2 mupa.
TpH.

3a TakuX yMOB MOTPiIOHO MOOLTI30BYBaTH BiacHI (piHAHCH 3 METOIO (HOPMYBaHHS CUPOBHH-
HOT 0a3¥ Ta BNIPOBAPKEHHS AJIbTEPHATUBHUX JHKEPEN €HEPril Y CUThbChKOMY TOCIOIApCTBI.

VY cinbcbkoMy rocriofapcTi 3ocepemkero 215904,6 tuc ron Xymoou Ta MTHUIL, 3 SKHX TiTb-
KU 54% B arpapHHUX HiAnpueMcTBax. TeopeTHYHHUH MOTEHIiad BUX0ay 0iora3y 3 BiIXOMAiB TBapHH-
HUIITBA, 32 HAIIMMU MipaxyHKamu, cTaHoBUB y 2016 p. 1,75 mnpn M°, IOTEHLLiaN XK JOCTYITHUH 710
BUKOPUCTAHHS B €HEPreTUUHHX LiIsX aopiBHIOE 0,76 MuH T H.e. [Ipum 4oMmy 3riHO NpUBEAECHHX
JaHuX (QaxiBLiB MOKIMBUM eHepreTHYHU nmorexuian 6iorasy 3pocre a0 2,38 miH 1 H.€. y 2050 p.

3rilHO TPOBEACHUX MOCIIKEHb BCTAHOBJICHO, 1[0 BHKOPUCTAHHS 0lorasy Mae HACTYIHI
nepeBaru nepes TPaauIiiHUMHU BUIAMH TIajiiBa, a came: BUKOPUCTaHHA 0ioraszy € mpuBaOIMBHM
a0o0 depe3 MeHIIy BapTicTh, a00 Yepe3 eKOHOMIYHI CTUMYIIH; SIKIIO arpapii He MOXKYTh OTPUMATH
JI03B11 (JTiIIEH3110) Ha MMOCTAYaHHs eJIEeKTPOeHepril BUpoOIeHoro 3 06iorasy y 3arajbHy elIeKTpoMe-
PexKy 3a «3eleHUM Tapudom», BOHa BUKOPUCTOBYE HOTO HA BJIACHI FOCHOJAPCHKI 1iji; OyAiBHUIIT-
BO HOBHX 010ra3oBUX Ta O10METaHOBHUX 3aBOJIIB OTPUMYE 1HBecTULIIHI rpanTu Big 20 1o 30% 3ara-
JHLHOT BapTOCTI iHBECTHUINIH; 0i0Ta3 3a XIMIYHUM CKJIAJJOM aHAIOTIYHWUN CKIIaay MPUPOJHOTO Tasy,
10 J]a€ MOKJIMBICTH 30yBaTH HOT0 y ra3opo3noAiIbHy Mepexy; 30arauyroun Horo 10 6iomMeTaHy Ta
BUKOPHCTOBYIOUH SIK Ta30M0/i0HE MaauBO; BUKOPUCTOBYBATU BIAXOJU, OTPUMYBaHI y pe3yibTarTi
OTpUMaHHs 0iora3y, y sIKOCTi 30aradeHux OpraHidYHUX JOOPUB Ui NOTPeO POCIMHHUIITBA; BUKOPH-
CTaHHS TBAPHUHHUIIBKUX BIIXOMIB I BUPOOHUITBA Oiora3y 3HIKYE HABAHTA)KCHHS HA €KOJIOTIIO Ta
BUTPATH Ha YTHIII3AIliI0 TAKUX BIJIXOJIIB.

KarouoBi ci1oBa: anpTepHaTUBHI BUAM NaMBa, BiHOBIIIOBAIBHI Kepesia eHeprii, eHepro-
Hocii, 6iora3, OiomeTaH, MaTepialibHi BUTPaTH, €)EKTUBHICTh
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®OPMUPOBAHUE U DODPEKTUBHOE PASBBUTUE TIPON3BOJACTBA BUOT'A3A B
AT'PAPHOM CEKTOPE

AnHotamms. B cenbckom xo3siicTBe cocpeoroueHo 215904,6 Thic roa cKkoTa ¥ NTUIIbL, U3 KOTO-
PbIX TOJBKO 54% B arpapHbIX MPEINIPUSTHAX. TeOpeTHUecKuii MOTEeHIMAll BbIX0Aa OMorasa u3 OTXOJI0B
JKMBOTHOBO/ICTBA, TI0 HAIlIUM TozcYeTaM, coctaBui B 2016 . 1,75 mnpn M, TIOTeHITHA ke JOCTYIHBIN K
WCTIOJIb30BaHUIO B SHEpreTrdecknx nemsx pasasuics 0,76 T v.3. [IpuueM coriacHO MpHBECHHBIX TAHHBIX
CIIEIMAITIICTOB SHEPreTHYECKUI TIOTEHIMA Ororasa Bo3pacteT 10 2,38 T H.9. B 2050 T.

CornacHo NpoBe/ICHHBIX UCCIEOBAHUN YCTAHOBJIEHO, YTO MCIIOIb30BaHKE OHMOTraza UMeET Cley-
IOILIME NTPEUMYILIECTBA NIEPE TPAAULIMOHHBIMU BU/IaMU TOILUIMBA, 8 UMEHHO: UCIIOJIb30BaHNUE OMorasa siiis-
€TCsl IPUBJIEKATEIbHBIM MM YEPE3 MEHBLIYIO CTOMMOCTb, JIN Yepe3 SKOHOMUYECKUE CTUMYIIbL; €CII arpa-
UM HE MOT'YT HOJTYYUTh paspelieHne (JIMLIEH3UI0) Ha MOCTABKY 3JIEKTPO3HEPT UK MIPOU3BEACHHOM 13 Onora-
3a B OOILYIO 2MEKTPOCETh IO «3eNICHOMY TapH(y», OHU HCIOJB3YIOT €r0 Ha COOCTBEHHbIE XO3SIICTBEHHbIE
LIEJTN; CTPOUTENIHCTBO HOBBIX OMOTa30BBIX M OMOMETAHOBHX 3aBOJIOB MOJTYYaeT MHBECTHIMOHHBIE TPAHTHI
ot 20 1o 30% oOImIei CTOMMOCTH WHBECTHIINIA; OMOTa3 1Mo XMMHYECKOMY COCTaBY aHAJIOTHUCH COCTaBY
TIPHPOJTHOTO Ta3a, YTO JAET BO3MOYKHOCTH COBIBATh €TI0 B Ta30paclpeelTEIbHYIO CETh; 000rammas ero Jio
OMoMeTaHa 1 MCIOJB3Ys Kak Ta30MOTOPHOE TOIUTHBO; UCTIONB30BATh OTXO/IbI, 00Pa30BaHHbIC B PE3YJIbTaTe
HOJTydeHus1 Ororasa, B KayecTBe OOOTalleHHbIX OPraHWYeCKUX YIOOpeHUH I HyXK] pacTEeHHEBOICTBA;
HCIOJIb30BaHMUS! ’KMBOTHOBOTYECKUX OTXOJIOB JUIsl IPOM3BOJICTBA OMOra3a CHUKAET HArpy3Ky Ha SKOJIOTHIO
U 3aTpaTthl HA YTUJIM3ALMIO TAKUX OTXO/IOB.

KnioueBble ciioBa: anbTepHATHUBHBIE BBl TOIUIMBA, BO30OHOBIISIEMbIE MCTOUYHHKH SHEPTHUH,
SHEProOHOCHUTENH, Ouoras, OMoMeTaH, MaTepualbHbIe 3aTpaThl, 3(PHEKTUBHOCTD

®Dopmyir: 0; puc.: 1; abmn.: 3; ouo.: 21

Introduction. The agrarian sector is becoming more and more apparently dominant in the struc-
ture of GDP and currency revenues in the conditions of decline of the Ukrainian economy. The agrarian
complex, together with the processing industry, in 2017 accounted for 17% of the country's GDP. In
2017, agricultural products and food products worthing 17.9 bn dollars were exported, representing
33.6% of all currency revenues in the country. Despite the achievements, the state support to the indus-
try is rather low equating to only 1% of GDP, meaning that the State receives 17 UAH of net dividends
for each 1 UAH invested into agrarian sector. Despite these advances, agriculture and the food industry
had losses of UAH 1.2 bn in the financial year 2017.

In a context of a constant growth of the costs of basic energy resources, farmers are seeking to reduce
them. One of the possible ways of reducing the share of energy resources in the structure of production costs
is the organization and the use of various types of renewable energy sources, in particular of biogas.

Agriculture is the leading link in the formation of different waste in the sectors of plant growing
and animal husbandry. The availability of the appropriate base makes it much easier to organize the
creation and the operation of these facilities for the production and the use of biogas.
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World experience also shows that the transition to alternative energy sources has significant advantages
over the use of traditional fuels. Under such conditions, the burden on the environment decreases, carbon diox-
ide emissions into the atmosphere are reduced, the ecological situation in the places where such objects are
located is improving, and the dependence of enterprises on the monopoly position of public and private energy
companies, which dictates excessively high tariffs for electricity, gas - that heat supply, etc, is decreasing.

Analysis of research and problem statement. In Ukraine, an appropriate legislative frame-
work has been formed to regulate the development of production and use of biogas, in particular: Laws
of Ukraine "On energy saving" [1], "On Alternative Fuels” [2], "On Alternative Energy Sources" [3],
"On the Electricity Market [4], "On Heat Supply” [5], "On Priority Areas of Innovation Activity in
Ukraine" [6], "On Environmental Protection” [7] and others, in which the organizational and economic
mechanism of functioning of the market, raw materials base, finite types of energy that is produced by
the enterprises of the agrarian sector and used for their own needs or sold out are revealed.

Domestic and foreign scientists made a significant scientific contribution to the development of
research on renewable energy sources. Thus, Hijazi O., Munro S., Zerhusen B. and Effenberger M. con-
ducted a study on the assessment of the state of the biogas production and its environmental impact via
greenhouse gases and the impact of other factors on the environment [8].

Hahn H., Krautkremer B., Hartmann K. and Wachendorf M. found that demand-driven biogas
production is vital for balancing electricity generation and could be generally achieved through the stor-
age of biogas or flexible biogas production concepts. Both concepts are related to their ability to provide
biogas supply for short- and long-term balancing of electricity production [9].

Patrizio P. and Chinese D. explore the impact of the Italian energy policy on the profitability of
alternative ways of using biogas in two regional studies characterized by different penetration of KPG
gas stations [10].

In their work Bilan Y., Goncharuk A., Havrysh V., Nitsenko V. and D. Streimikiene investigate
the domestic and world development of alternative fuel markets in agriculture and, stress the importance
of vertical integration in the energy sector in the autonomous development of agrarians and in the de-
crease in total production and general expenses [11-14].

The scientific work of these authors has become the basis for subsequent more detailed and in-
depth research in this direction.

The purpose of the article is to determine the achievements and main directions of the devel-
opment of biogas production in the agrarian sector of the economy.

Research results. Our research conducted on the basis of data for 2014-2016 shows that farm-
ers increased the expenses for all types of energy resources (Table 1). As a whole, in agriculture, energy
expenses for fuel and lubricant materials (FLM) grew by 23.5% (including 24.1% for crop production
and 16.5% for livestock production), for electricity - by 45.7% % (including 53.5% for crop production
and 38.6% for livestock production) and 19.2% - for fuels and energy (including 19.3% for crop produc-
tion and 19.2% for animal husbandry).

Table 1.
Material expenses on energy resources of agrarian enterprises
2016 2015 2014
Indicators Fuel_ and Elec- |Fuel and Fuel_ and Elec- |Fuel and FUEI. and Elec- |[Fuel and
lubricant tri-cit Ener lubricant tri-cit Ener lubricant tri-city | Ener

materials y 9 | materials y 9 | materials y ay

1744,

Agriculture, min. UAH 20633 | 2954,9 | 2079,3 | 19730 | 2324,7 | 2263,4 | 16702 | 2028,1 5
structure, % 11,3 1,6 1,1 12,9 15 1,5 15,4 1,9 1,6
incl. plant production, 10156 | 14831 | 1147,1| 18303 | 11038 | 13113 | 15434 | 9662 | 961,9
structure, % 14,4 1,1 0,9 16,7 1,0 1,2 20,0 1,3 1,2
mlcr! "ij"A”:f' husbandry, 14772 | 14718 | 9322 | 14268 | 12209 | 9521 | 12681 | 10619 | 782,2
structure, % 2,9 2,9 1,8 3,3 2,8 2,2 4,0 3,4 2,5

Source: built on the basis of [15-17]
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Constant increase of tariffs on the main energy resources and excise taxes on FLM leads to
an increase in the share of the latter in the structure of material costs and, consequently, to the in-
crease in the cost of production.

Using the Ukrainian legal framework, we have formed an appropriate interconnection be-
tween its separate components. As a result, we suggested the following organizational and legal
mechanism of the market for renewable (alternative) energy sources (Fig. 1).

Organizational and legal mechanism of the production and use
of alternative energy sources in agriculture

A4

On energy saving

On Alternative Fuels On Alternative Energy Sources
\ \
On the Electricity Market On Heat Supply
N

On Priority Areas of Innovation Activity in Ukraine

N

On Environmental Protection

Fig. 1. Organizational and legal mechanism of production and use of alternative energy sources in agriculture
Source: authors’ research result

The given scheme shows that the priority direction of development of the energy market is
alternative energy sources. In our opinion, the Law of Ukraine "On Energy Saving" [1], which
states that it is strategically important to reduce the energy component of production processes and
finished products, to introduce the production and use of alternative types of fuel, is the primarily
one. Thus, the legislative base is formed (Laws of Ukraine "On Alternative Fuels" [2] and "On Al-
ternative Energy Sources” [3]), it defines the basic concepts, objects, subjects and mechanism of
production of electric and thermal energy (Laws Ukraine "On the Electricity Market™" [4] and "On
Heat Supply” [5]) through the use of waste and raw materials in agriculture. It is advisable to high-
light the positive impact of the introduction of renewable (alternative) energy sources on the envi-
ronment (Law of Ukraine "On Environmental Protection™ [7]), of the reduction of carbon dioxide
emissions, utilization of waste from the crop and livestock sector, etc. For these purposes, it is
needed to develop, acquire and implement energy-efficient innovative technologies, machines and
equipment (Law of Ukraine "On Priority Areas of Innovation Activity in Ukraine" [68]), which are
produced by research and production domestic enterprises or supplied by well-known foreign com-
panies.

The Law No. 1391-XIV states that biological fuels (biofuels) are solid, liquid and gaseous
fuels made from biologically renewable raw materials (biomass) that can be used as fuel or a com-
ponent of other fuels [2].
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Biogas is the most common source of alternative energy in agriculture. It is produced in the
agrarian sector from the waste of animal husbandry or via the addition of substrates of plant origin
to them.

Since agriculture produces huge volumes of animal waste as a result of base production, it is
rational to use them as raw materials for biogas production.

What are the advantages of using biogas and its derivatives in energy form over traditional
fuels, especially gas engines, lets’ discuss them below:

- World practice shows that biogas use is attractive either because of lower costs or because
of economic incentives [11];

- if farmers can not obtain permission (license) for the supply of electricity from biogas to
the general grid according to the "green tariff", they use it for their own economic purposes [9; 13];

- construction of new biogas and biomethane plants receives investment grants from 20 to
30% of the total volume of investments [12];

- chemical composition of biogas is similar to that of natural gas, which makes it possible to
sell it to the gas distribution network, while enriching it by bio-methane and using as gaseous fuel
[10; 14];

- to use waste received as a result of obtaining biogas, as enriched organic fertilizers for the
needs of plant growing;

- the use of livestock waste for the production of biogas reduces the burden on the environ-
ment and the expenses on the utilizing of such a waste [8].

In 2008 specialists of the Training and Scientific Institute of Forestry and Landscape Man-
agement of NUBIP of Ukraine conducted the research, the results of which showed the highest
technical potential of the use of livestock waste for the needs of biogas (75%) compared with its
possible level, which is higher than the for primary and secondary crop production wastes [18].

Basing on publicly available information, we calculated the potential of biogas production
and the possible output of bio-methane from it (Table 2).

Table 2.
Potential of the main livestock waste for the production of biogas in Ukraine
(as of 2016)

Kind of ani- | Livestock and Manure exit Output of Methane | Output of Oug?u_t of

mals and poul- | poultry, thou- h tons/d min biogas, Nm® /t con- biosgas, meth(;ne

try sand heads th tons/day tons/year | Ofsubstrate | tent% | Nm/year | \ /yea’r
Cattles 3750,3 101258,1 36959,2 25 60 923980,2 554388,1
Pigs 7079 63711,0 23254,5 28 65 651126,4 423232,2
Sheep 743,9 1487,8 543,0 30 100 162914 162914
Goats 581,4 1162,8 4244 27 95 11459,4 10886,4
Horses 305,8 5198,6 1897,5 63 55 119541,8 65748,0
Chickens 186354,3 50315,7 18365,2 25711,3 16455,2
Turkeys 1825,0 784,8 286,4 14 64 401,0 256,6
Ducks 10150,2 5582,6 2037,7 28527 1825,7
Geese 5114,7 3068,8 1120,1 1568,2 1003,6
Total 215904,6 232570,1 84888,1 X X 1752932,4 | 1090087,3

Source: calculated on [19, p. 12-13]

The above calculations show only the theoretical potential. However, it should not be forgot-
ten that the data provided includes animals and poultry kept by the public and agricultural enterpris-
es. Therefore, in determining the possible potential, it is expedient to adjust the obtained data by the
proportion of animals and poultry that are kept only in agricultural enterprises, since the formation
of sufficient volumes of livestock waste for the production of biogas in individual farms of the
households seems inappropriate or unlikely. Thus, the maximum possible potential equals to no
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more than 54%, taking into account the fact that 33.9% of cattle, 52.3% of pigs, 24.4% of sheep,
59% of chickens and 44.6% of turkeys are kept on an industrial scale. It should be noted that it is
necessary to apply also crop production or waste as a substrate. In terms of chemical composition,
the most effective one is silage (especially of corn and grains), cereals, root crops, vegetables and
rape. The possible energy potential of livestock waste in Ukraine is represented below, with the use
of the indicators of the theoretical potential and potential available for energy (Table 3).

Table 3.
Energy potential of livestock wastes in Ukraine (2015-2050)
Theoretical potential, bn Share available for Potential available for energy,
Biomass type M energy,% min tons of oil equivalent

2015 | 2016 | 2050 | 2015 | 2016 | 2050 2015 2016 2050
Biogas from waste and
byproducts of agroindus- | 1,60 1,75 11,20 50 54 100 0,68 0,76 2,38
trial complex

Source: [20] and own calculations

As an example, we suggest the results of the study for the Odessa region, which showed that
for the construction and efficient use of biogas plants it is necessary to have more than 2000 heads
of cattle, not less than 9,400 heads of pigs and a total number of birds of more than 420000 heads.
Based on the number of pig farms (LLC AgroPrime Holding, LLC Tarutin Agrarian Company and
the Joint Ukrainian-French Enterprise Dniester-Hybrid), the economic potential of biogas from pig
manure was more than 1.71 th tons of oil equivalent in 2013, and more than 2.28 th tons of oil
equivalent in 2014 and 2015 [21, p. 33].

Conclusions. The conducted studies have made it possible to come to the following conclu-
sions:

1. Constant increase of tariffs and the price of energy leads to an increase in material ex-
penses on fuel oil, electricity, natural gas and other fuels, and as a result, an increase in the cost of
agricultural products. The given data testify to the necessity of introducing alternative sources of
energy, in particular biogas, with the aim of partial or complete replacement of traditional types of
energy resources.

2. Ukraine has formed the appropriate legislative framework regarding alternative energy
sources. We represented an organizational and legal mechanism linking the main legislative acts of
Ukraine assuming the possible realization of biogas production potential.

3. Livestock production is an important branch of agriculture. As a result of livelihoods of
animals, manure, which acts as the main substrate in the digestion and production of biogas, is pro-
duced. However, the gradual reduction of the stock of main species of animals (cattle and pigs) and
poultry (chickens) on an industrial scale also inflicts a reduction in the energy potential of the indus-
try.

4. Due to the fact that farmers are primarily oriented to meet their own needs, the construc-
tion of the agro-energy vertical is considered to be most effective, as it reduces the material expens-
es for the main energy sources, namely for: fuel and energy materials, electricity, natural gas and
other fuels.

5. In addition to the energy potential, it is also necessary to pay attention to the improvement
of the ecological situation in the areas of livestock facilities, since the manure obtained at the en-
trance of the technological process used for the production of biogas turns into an organic fertilizer
output.

6. We have estimated the theoretical potential of the production of biogas from animal waste
in 2016. Its share available for energy needs equals to 54% of 1.75 bn m® of biogas, comparable to
0.76 min tons of oil equivalent. It is planned to increase the total volume for energy needs up to
2.38 min tons of oil equivalent in 2050.
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