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3ENIEHE NMOBOEHHE BIAHOBJIEHHA
MPOAOBOJIBYUX CUCTEM B YKPAIHI

HeoOxifHO BifMITUTH aKTYaJbHICTh i CBOEUACHICTD [AHOTO 3ax0fy,
OCKIJIbKY He 3BayKal0UM Ha Te, IO BiliHa IPOJIOBKYEThHCS, aKTYaTbHUMU
€ IUTaHHS BiTHOBJIEHHS €KOHOMIKHU i CITBCHKOr'0 FOCIIOfapCTBa KpaiHu
Ha 3acajjaXx BUKOPUCTAHHS HaMKpal[yX CBITOBUX MPAKTUK i IPUHIUIIIB
«3eJIeH0l eKOHOMIKMU». Y KO’KHOMY perioHu KpalHu, IIporpaMu BifHOB-
JeHHs1 6yIyTh PISHUMU, 3a7I€;KHO Bif piBHS MOPYLIEHHS TPOJOBOIBUMX
arpoeKocucTeM, iHGPaCTPYKTYPU Ta eKOHOMIUHKX 00’€KTiB. [T IbOTO
HarrioHambHOIO pafiolo 3 BiHOBIeHHS YKpAiHU Bifl HACIiIKiB BiltHU PO3-
pobreHi roN0BHI MPIOPUTETH i MPUHIIUNU Jiep>KaBHOI MOTITUKYU 070
Bi[HOBJIEHHS caMe IPOJOBOIBUMX arpoeKOCUCTEM SIK BaKIMBUX ejle-
MEHTIB CiJIbCbKOT0 I'OCIIO/JapCTBa.

[IpoTOBOIBYI CUCTEMY, SIKi iCHYBaIM IO POCIMCHKOTO BTOPIHEHHS Ha
TEPUTOPiI0 YKPalHU XapaKTepU3YyBalIMCsl IeHTpali3alli€lo YIIpaBIiHHS
Ta JIOTICTHKM, 1[0 CTBOPMIIO HeBUpimanbHi mpobaemu as ix GpyHKIio-
HYBaHHSI Y BOEHHUM Yac Ta CTali MillleHHIO st Bopora. ToMy TUTaHHS
Bi[HOBIIEHHS NPOJJOBONIBYMX CUCTEM Ma€ BUPILTyBaTUCS Ha IPUHIIMIIAX
JIOKAJIbHOCTI, afallTUBHOCTI, THYYKOCTI Ta lelleHTpani3aril. Yum MeH1IIa
Bif[cTaHb A7 MOCTauyaHHS NMPOAYKTIB «Bif depMU 0 BUENIKU», TUM
GBI CTIMKOIO i a[aIITUBHOIO € IIPO0BOJIbUA CUCTEMA.

CrorofHi My 06roBOPMMO aKTyalbHi Pe3ylbTaTy HAaYKOBUX IOCTi-
IPKeHb BITUM3HSIHUX i 3apyOKHUX BUEHUX MIOZI0 TpaHChOpMAIlist Tpo-
JIOBOJIBYMX CUCTEM ITij] BINTMBOM KITIMaTUUYHUX 3MiH Ta BiiIChKOBUX [IiH,
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6moBaHMxX BapianTax 0,47-1,19 mnH M?x7i6/ra. BapiabenbHicTs 3MiHU
nokasHuKa OIIIT y po3pi3i BapiaHTiB ymobpeHHs ripunili Bi3Hayamacs
3HAUHMMH 10ro KonuBaHHamu (V=33,6—37,9 %).

BposKalHICTh TipuuIli € iHTerpyroYMM IOKAa3HMKOM il POCTY Ta po3-
BUTKY, SIKUY 03a3y€ThCsI Ha BIUTMB] IPYHTOBO- KITIMAaTUUHUX YMOB BUPOIITY -
BaHHS Ta [JOCTiIPKYBaHUX eJIeMeHTiB TeXHOIOTii BUPOIIYBaHHS Ky/IbTYPU.

AHaji3 eRCIepuMeHTaNTbHUX HaHWX CBifUMTh, 110 B YMOBax IiB-
HiuHoro JlicocTeny, Ha cipux JiCOBUX IDYHTaxX, 3a BHECeHHSl MiHe-
pPaTbHUX NOOPUB YpO’KaMHICTh ripunii 6inoi (opmMyeTbcss Ha piBHI
1,05-1,98 T/ra, 3a abCONMIOTHUX 3HAUEHHAX Ha KOHTPOIBHOMY BapiaHTi
(6e3 mobpus) —0,99 T/ra (Tabm. 2).

Tabmuis 2
VposKalHicTh ripumili 61101 3a71€;KHO Bij] BINIMBY €IeMEHTIB
TeXHOJIOTil BUpoNIIyBaHHS, T/Tra cepemHe 3a 2012—-2014 pp.

36ipHuK MaTepiania MixHapoaHoT HayKoBO-NPakTU4HAT KoHdepeHUii
(M. Opeca, 26 ciyHs 2023 poky)

. EderTuBHiCTE T03aKOpeHEBOI0
BapiaHT be3s Ilo3akopeHeBe .
octigy | o6po6ieHHs | HmiPKUBIEHHS THPRABICHHA

A T/Ta %
Bes o6pus 0,99 1,16 0,17 17,2
(ROHTPOIIB)
PyoKoo 1,05 1,29 0,24 22,9
N3oPoKo 1,38 1,71 0,33 23,9
N,sPeoKoo 1,61 2,03 0,42 26,1
NgoPeoKoo 1,98 2,27 0,29 14,6
HIP, o5, 17151 CYKYIHOI fii ¢parTopis — 0,08

3aCTOCYBaHHS DPICTCTUMYIIOUOTO ImpenapaTty @mopoHe CIIpUSE
icToTHOMY 30i/BITIEHHIO PIBHS YPOSKAWHOCTI KY/IBTYPH HE3AIEKHO Bif
IOCTIKYBAaHKUX BapiaHTiB 3abe3meuyoun abCOMIOTHI HOro 3HAUYeHHS —
1,16-2,27 T/ra. HalleeKTUBHINIUM IaHWM arpo3axil € 3a BHECEHHS
dochopHo-KamitHUX J06pUB V 1031 Py Ky, (22,9 %) Ta 32 BHECEHHSI TIOB-
HOT0 MiHepaIbHOTO0 J06pUBa V 103aX Ng_,sPgoKoo (23,9, 26,1%).
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BIOGAS PRODUCTION FROM AGRICULTURAL WASTE:
EUROPEAN EXPERIENCE

Annotation
The study reflects the current state of the production of biogas from crop
production and livestock waste in the EU countries. An assessment of existing
approaches to the further use of biogas produced from agricultural waste was
carried out taking into account European experience.
Key words: agricultural waste, agrobiomass, biofuel, biogas, energy
independence

Human activities increase atmospheric concentrations of greenhouse

gases such as carbon dioxide (CO,), methane (CH,) and nitrous oxide (N,0).
As a result, there is pollution and a significant warming of the earth’s
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surface, therefore, the expected climate change and its adverse impact on
the environment.

EU policy is built to help achieve the ambitious goal of building
acompetitive, climate-neutral, low-carbon economy by 2050 and achieving
up to 95 % reduction in greenhouse gas emissions. For this, a number of
interim Directives on renewable energy sources, the Bioeconomy Strategy,
the Energy Roadmap until 2050, the Paris Agreement, the Climate and
Energy Framework until 2030, the Action Plan for the Circular Economy,
etc. have been developed and implemented.

To achieve the set goals, it is first of all supposed to gradually increase
the share of renewable energy sources in the structure of gross final energy
consumption. Planned and actual indicators of the share of RES in the
structure of gross final energy consumption in the EU are presented in Table 1.

Table 1
Share of RES in EU gross final energy consumption
(planned and actual figures), %
EU 2019 fact | 2020 plan EU 2019 fact | 2020 plan
EU-28 18,877 20 Germany 17,354 18
Sweden 56,391 40 Czech Republic | 16,294 13
Finland 43,081 38 France 17,206 23
Latvia 40,975 40 United Kingdom | 12,336 15
Denmark 37,204 30 Poland 12,164 15
Romania 24,290 24 Netherlands 8,768 14
Italy 18,181 17 Ukraine 8,1 1

Source: compiled by the author based on Eurostat data [1]

Thus, according to the European Statistics Service, a significant part of
the countries have already reached the 2020 targets, in particular, Sweden,
Finland, Latvia, Denmark, Romania, Italy, and the Czech Republic. Close to
target for 2020 Germany. Almost at the same level, the share of RES in the
structure of gross final energy consumption at the end of 2019 can be traced
in the Netherlands and Ukraine, although the outlined planned indicators
differ between countries (14 % and 11 %, respectively).

In the world, the main ways of managing agricultural waste are biogas
production technologies. It can contribute to the reduction of greenhouse

=236=

36ipHuK MaTepiania MixHapoaHoT HayKoBO-NPakTU4HAT KoHdepeHUii
(M. Opeca, 26 ciyHs 2023 poky)

gas emissions into the atmosphere (in particular, methane released into the
atmosphere from the storage of manure without processing), be a source
of renewable energy (electricity, heat or for the transport sector), and can
lead to a reduction in the effects of pollution from waste accumulation. It
is equally important that in the process of processing waste is converted
into a product (biogas) and valuable organic fertilizer, closing the cycle
from soil to crop, to product, to waste and back to soil. This understanding
has led to the rapid growth of the biogas sector over the past two decades,
fueled by legislative changes with different targets set around the world for
renewable energy and greenhouse gas emission reductions.

In the context of the COVID-19 crisis, the global market for biogas
plants is estimated at $8 billion in 2020 is projected, to reach it $13.8 billion
by 2027, with a compound annual growth rate of 8.1% over the period
2020-2027 (2, p. 149].

Currently, more than 65 countries around the world use biogas plants,
producing biogas as an alternative energy source. In total, 18,838 biogas
plants were operating in Europe at the end of 2019 (an increase of 4%
compared to 2018 and 69 % compared to 2009) (Fig. 1). Currently, the EU
biogas sector produces 15.8 billion cubic meters of biogas and 2.43 billion
cubic meters of biomethane, with 75 % of biogas produced from agricultural
waste, 17 % from organic waste from private households and enterprises,
and another 8 % from sewage treatment facilities [3].

At present, Germany is the leader in the production of biogas in Europe,
where about 11 thousand biogas plants operate (about half of all world
installations), but only 7% of the biogas produced by enterprises enters
gas pipelines, the rest is used for the needs of the producers themselves.
Germany produces 93 % of its biogas through the fermentation of crops and
plant residues. In the future, with the optimal use of biogas in Germany,
it will be possible to provide 12 million households with electricity using
this type of fuel. Already now, electricity and heat produced from biogas is
enough for about 500 thousand private houses and apartments.

According to the European Biogas Association, the leaders in the
number of biogas plants, except Germany, are Italy — 1491, Great Britain —
813, France — 736, Switzerland — 633, Czech Republic — 554, Austria —
436 plants [114]. Among European countries with high rates of development
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of biogas technologies operating on agricultural waste, we can distinguish,
as already noted, Germany, as well as Italy, France and the Czech Republic;
for MSW — Great Britain, Spain, Italy and France; from wastewater —
Sweden, Lithuania, Poland [5, p. 106-107].

20000

18000

16000
14000
12000
10000
8000
6000
4000
2000
0

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

W Portable biogas plants ~ MNew biogas plants

Fig. 1. Dynamics of the increase in the number of biogas plants in Europe,
2009-2019
Source: built by the author based on data from [4]

Biogas technologies, like any other, are in the process of constant
improvement and development. Today, there are three generations
of biogas technologies, or rather approaches to the further use of the
produced biogas.

The first, classic and most used in Europe and the world is the operation
of a biogas plant to provide the capacities of combined thermal power
plants: the produced electrical energy is fed into the network, and the
thermal energy is used to meet the company’s own needs and is supplied to
external consumers. The use of thermal energy from biogas can significantly
increase the profitability of biogas plants.

Biogas post-treatment and production of biomethane (an analogue
of natural gas) opens up another opportunity for the use of biogas and
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the replacement of fossil fuels in the transport sector, improving the
economics of biogas plants. Technological improvements in the treatment
of biogas to biomethane are helping to reduce energy intensity and increase
cost efficiency, which can make biomethane costs competitive with fossil
fuel use in the transport sector. In the future, biomethane could become
an important energy carrier due to its flexibility and storability, making it
valuable for balancing energy networks.

The third and very important approach is to use the potential of biogas
to balance the energy system, that is, to create a system of hybrid flexible
production of electricity and biomethane from biogas. This approach allows
higher proportions of variable renewable energy sources such as solar and
wind to be integrated into the electrical system. Flexible biogas production
systems are being developed around the world by combining biogas plants
with solar and wind energy to balance energy systems.

The results of the analysis of the European experience of processing
agricultural waste into biogas indicate a constant increase in the volume of
biogas production, which is due to its socio-economic, environmental and
energy efficiency.

Literature:

1. Eurostat. URL: https://ec.europa.eu/eurostat/web/main/home

2. Honcharuk, 1V., & Vovk, V.Yu. (2021). Waste-free technology’s for the
production of biofuels from agricultural waste as a component of energy
security of enterprises. Development of scientific, technological and innovation
space in Ukraine and EU countries : collective monograph. Riga, Latvia :
Publishing House “Baltija Publishing”. Pp. 142-165. DOIL: 10.30525/978-
9934-26-151-0-37

3. Perspektyvy rozvytku rynku biomasy v YeS i Ukraini. Vplyv vykorystannia
biomasy za zminy klimatu [ - Prospects for the development of the biomass
market in the EU and Ukraine. Impact of biomass use on climate change].
URL: https://uspp.ua/assets/doc/uspp-biomass.pdf

4. European Biogas Association. URL: https://www.europeanbiogas.eu/

5. Sydorchuk, O. (2020). Dosvid Yevropy ta svitu zastosuvannia biohazovykh
tekhnolohii — [Experience of Europe and the world in the application of
biogas technologies]. AgroExpert: praktychnyi posibnyk ahrariiv — AgroExpert:
a practical guide for farmers. 1(138). 104-107.

=239



3ENEHE MNOBOEHHE BIAHOBNEHHA MPOAOBONbYMX CUCTEM B YKPATHI

6. Vovk, V.Yu. (2020). Ekonomichna efektyvnistj vykorystannja
bezvidkhodnykh tekhnologhij v APK — [Economic efficiency of waste-free
technologies in agro-industrial complex]. Ekonomika, finansy, menedzhment:
aktualni pytannia nauky i praktyky — Economy, Finances, Management: Topical
Issues of Science and Practical Activity. 4.186—206. DOI: 10.37128/2411-4413-
2020-4-13

VIK 633.13:551.58
Bonaveau 0.B.,
KaH/IUJAT reorpadiuHux HayK, JOLIEHT,
NPOBiHMI HAYKOBUI CIIiBPOGITHUK Bifminy
KIIMaTUYHO OPi€HTOBaHUX arPOTEXHOJIOTIH,
[HCTUTYT KIiMaTUYHO OPIEHTOBAHOTO CiTbCHKOr0 rocrofapcrsa HAAH,
rada.d.4109001@gmail.com,
Ipokod’e6 0.M.,
KaH/IUJAT reorpadiuHmx HayK, JOLIEHT,
3aBiiyBau Kadenpy MmeTeoposorii Ta kirimaTosorii
leggg0707@gmail.com,
Ko3ynina C.10.,
MaricTp I poKy HaB4aHHSA
sveta.kozylina@gmail.com,
OZechbKuU Iep;KaBHUM eKOIOTiYHNM YHIBepCUTET
M. Ofeca, VRpaiHa
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AHoTaIig

V mamepianax euceimneHi peyibmamu aHaniszy OUHamixu ypoxcatiHocmi
gisca 8 JKumomupcokill o6aacmi. 3a 0onomoz2010 Memody 2apMoHiliHux eaz
nposedeHO ekcMpanosyito meHoeHyii ypoxcaliHocmi, NpoaHaniz06aHo 6naus
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Xapaxkmepucmuka ypoxcais.
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OmHUM i3 cyTTEBUX (DAKTOPIB, 1[0 BIUTUBAIOTE Ha MMPOJIOBOBYi CHC-
TeMM, CTaH IIPOJI0BOJIbUO] Oe3IeKH Ta XapuyBaHHS Y BCbOMY CBiTi € MiH-
NMUBiCTh KIiMaTy. 3a TenepilHbOrO Yacy CiTbChbKe FOCIIOAAPCTBO € Hak-
GiTBIIT BPa3MUBOIO Taly33i0 eKOHOMIKM YRpaiHU I110[j0 KOMUBAHb i 3MiH
ki1iMaTy. ToMy OIjiHKa 3MiH arpOKIiMaTHUYHUX YMOB BHPOIYBaHHS
CiTBCHKOTOCIIOAPCHKUX KYIBTYP € Ba’KIMBOIO arpOMeTe0pONIOTiYHO0
3amauero [1, c. 259].

BaraTbemaocifyKeHHIMU iITBepA>KYETHCS, 110 KpaIlyM iHTerpanb-
HMM I[OKa3HUKOM CTVIIeHsI CIPUATIUBOCTI IPYHTOBO-KIiMaTUYHUX
YMOB Ti€l uM iHIIIOI TepUTOPil [ BUPOILIYBAaHHS KYJIBTYPHUX POCIUH
€ iX BpOJKaMHICTh. [IoCATHEHHS YKPAiHCbKUX BUEHUX B TaNy3i CeMeKIIii,
arpoTexHikM, Mestiopallii, 30KpemMa, 3pOoLIeHHs, TOOTO MiABUINIEHHS TaK
3BaHOI Ky/IbTYpY 3eMIIepo6CTBa, 3yMOBUITY CYTTEBE 3pOCTAHHS YPOKAIB
yciX CimbCHKOrOCIOAPCHKUX KYIBTYP. Ae Ha DOHI 3pOCTaHHS YPOrKaiB
CIIOCTEPIiraroThCs JOCUTD 3HAUHI IX MOPiuHi KOMTMBaHHS.

Tomy [s1 OTPUMaHHSI BHUCOKUX YpO’KaiB Ta paljiOHaIBHOI'O PO3-
MilleHHSI CiTbCHKOTOCTIOJJAPCHKUX KYIBTYP MOPSA 3 [IeTaIbHOK OIjiH-
KOI0 arpOKIiMaTUYHUX PecypciB HeoOXifIHe JOCTimKeHHsT IIPOCTOPOBO-
YacoBOI MiHIMBOCTi YPO>KaiB Y Pi3HUX arpOK/IiMaTUYHUX 30HaX.

OBec € I1iHHOO Ai€TUYHOI0, @ TAaKOK QYPayKHOIO KY/IBTYPOIO, 1110 37ie-
6inbIoro BrciBaioTh y [Tosicci Ha MEHII POIOYUX IPYHTAX, HDK SUMiHB.
Aje, He3BayKalO4uU Ha Iie, BiH 4aCTO IIepeBUIIYE TUMiHb 3a IPOAYKTUB-
HICTI0, @ HOBi cOpTU 3a6e3Meuy0Th 3HAYHE MiBUIIEHHS YPOSKAMHOCTI
KynbTypu. V JlicocTeny Ta CTeNy 0BeC TaKOK He MOCTYITAEThCS TPOIYK-
TUBHICTIO SUMEHIO, i 10T0 MOCiBHi IJIOMTi OCTaHHIM YacoM Ha ITill Tepu-
Topii 36inpIIyI0THCA [2, €. 532].

Arte y IOPiBHSIHHI 3 YPO’KalHICTIO Y €BPOIEMCHKUX JIepsKaBaxX Ta Ha
BiTUM3HSHUX COPTOMUIBHUIISAX, CepeHS BPOXKAaWHICTh BiBca B YKpaiHi
3AIMIIAETHCS [JOCUTh HM3bKOI0. TOMy Mpe[CTaBis€ iHTepec aHami3
cepenHbOOOIaCHMX BUPOOHUYMX DSMIiB YPOSKAMHOCTI BiBca 3 MeTOI0
BUSIBJIEHHSI BIUIMBOBHUX (PAaKTOPiB Ta BU3HAUeHHs iX BIUIMBY Ha BeJlU-
YMHY YPOFKaUHOCTI.

B arpomereoposnorii 4acoBUW psif YPO’KaMHOCTi IpeficTaBisi-
€TBCSI CYMOIO [BOX CKJIQ[[OBUX: CTalliOHApHOI Ta BHUMagKoBol. CTario-
HapHA CKIa[j0Ba BU3HAYAE 3arajbHy TEH[EHIII0 3MiHM BPO’KAMHOCTi
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