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One of the most promising components of Ukraine's renewable energy is bioenergy. It is based
on the use of biomass, which is the raw material for the production of solid, liquid and gaseous fuels.
Biomass includes agricultural waste and residues, wood waste in the forestry, woodworking and pulp
and paper industries, energy crops, organic part of industrial and household waste. Ukraine possesses
large areas of land resources, has favorable soil and climatic conditions and developed agriculture, so it
can successfully develop bioenergy based on plant biomass. It is most advisable to convert crop waste
to biogas, which will allow agricultural enterprises to obtain an additional source of energy and ensure
the production of high quality organic fertilizers. In addition, biogas production is environmentally
friendly because it does not cause additional remission of greenhouse gas and reduces the amount of
organic waste. Biogas is easy to use for energy purposes, finds use in decentralized block heat plants for
electricity and heat, can be fed into an existing gas transmission network and used as motor fuel for
cars. This article presents a methodology for determining the amount of biogas and analytical studies
of methane formation in a household biogas plant from crop waste, including corn stalks, grass, grape
leaves, sugar beet leaves, cereal straw, red clover hay, straw. The analysis of the results of analytical
studies shows that the most biogas is produced from grasses, cereals and corn.
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Introduction

In Ukraine there is considerable potential of alternative energy sources, with the greatest energy
potential being seen in the energy of biomass, a renewable substance of organic origin [Geletukha and
Zhelyzensa, 2017]. The use of biomass is agricultural waste and residues, timber waste in the forestry,
wood processing and pulp and paper industries, energy crops, organic part of industrial and household
waste [Klasnja et al., 2013], [Irmak, 2016], [Mikkola and Ahokas, 2011]. The use of biomass has several
advantages: it belongs to the renewable energy sources, its use will allow to reduce the amount of waste
of different sectors of the economy, when burning biomass gases are not generated, which contribute to
the greenhouse effect, and accordingly improves the environmental state of the environment.

Biomass is used for the production of thermal and electrical energy, whereby the methods of
producing energy from biomass are based on the processes of direct combustion, pyrolysis, gasification,
liquefaction, extraction, transesterification, anaerobic fermentation, fermentation [Savchenko et al.,
2018], [Zhelykh et al., 2016], [Prins and Dahmen, 2015], [Deshmukh et al., 2013]. The main products of
these processes are solid (firewood, briquettes, fuel pellets), liquid (biomethanol, bioethanol, biodiesel) or
gaseous (biogas, biohydrogen) fuel [Robak and Balcerek, 2018], [Xue Li et al., 2017].

In heat supply systems, organic biomass processing products are most often used as a source of
energy in heating installations [Zao, 2017], [Konrad et al., 2017].
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Thus, one of the effective ways of supplementing and replacing traditional fuel and energy
resources is the production and use of biogas. Biogas is easy to use and finds use at decentralized block
heat plants for electricity and heat or can be fed into an existing gas transmission network.

The exhaustiveness of hydrocarbon energy resources, the general upward trend in the cost of their
production, the expected increase in the payment for greenhouse gas emissions are gradually making
biogas profitable. An additional benefit is the ability to dispose of agricultural plant waste. Therefore, the
interest was caused by determining the amount of biogas output from crop waste at different fermentation
times.

The purpose of the work is to perform an assessment of the energy potential of crop waste and the
amount of biogas that can be generated from agricultural waste in a household biogas plant.

The object and methods of research. Use of agricultural plant waste for biogas production.

Research results. Crop waste is divided into primary and secondary. Primary agricultural wastes
include cereals, legumes, maize waste, and sunflower. They are formed directly in the harvesting process
of the respective crops. Secondary agricultural waste includes waste that is produced during the
processing of the crop (sunflower husks, rice husks, sugar beet pulp, etc.) [Saidura et al., 2011]. The use
of crop waste for energy depends on the nature of large-area crops and the amount of residues that can be
obtained from a unit of acreage. A credible assessment of the biomass energy potential is based on the
calculation of three types of potential: theoretical, technical and economic. The theoretical potential is the
total maximum amount of biomass that can theoretically be used for energy production. Technical
potential is a fraction of the theoretical potential that is physically available at the current state of the art
and technology. Economic potential is a fraction of the technical potential that satisfies the criteria of
economic feasibility and takes into account other consumers of this type of biomass [Litvak, 2015]. The
biomass energy potential of crop waste and their primary and secondary waste is estimated using
statistical data on gross crop yields. The energy potential of crop wastes for the most common crop types
is presented in Table 1 [Pivniak and Shkrabets, 2013].

Table 1
Energy potential of crop production waste in Ukraine
No. Type of agricultural waste Energy potential, million tonnes/year
1 Cereal straw 5.6
2 Stems, corn cobs 2.4
3 Sunflower stems and husks 2.3
4 Wood waste 2.0

The output of biogas depends on many factors, including the temperature of anaerobic
fermentation, the type and concentration of bacteria, the method of mixing the substrate, the duration of
the process and the nutrients of the substrate [Korolov and Maikov, 2012]. In addition, the amount of
biogas produced depends on the method of grinding the organic mass [Pavlitsky et al., 2015], the content
of dry matter in the biomass and the organic matter in the dry biomass [Soroka et al., 2016]. Therefore,
the results of studies on the composition and amount of biogas presented in Ukrainian and foreign
publications are quite different. Table 2 provides information on biogas output from different crop wastes
[Feduniak, 2014].
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As can be seen from Table 2, the highest biogas yield per tonne of waste is observed for corn waste
for grain and sugar beet stacks. To calculate the estimated volume of biogas produced, we use the method
of determining the volume of biogas from solid household waste and adapting it to plant waste.

The initial data for the calculation are the biomass temperature, °C; biomass humidity W, %; ash
content of dry crop waste A, %. The calculation is performed in the following sequence.

Table 2
Amount of biogas from plant waste
No. Type of agricultural waste Biogas output, m*/ton
1 Wheat straw 342
2 Barley straw 342
3 Corn stalks on grain 420
4 Sugar beet branch 426
Sunflower stems 180
Potato dumplings 350
Hog and stems of vegetables 300
Determined the concentration of organic matter, kg/m’:
S=py -(100-W)-(100-A)- 1074, )

where W is the biomass moisture content, %; A - the ash content of dry organic raw materials, %; p, is
the biomass density, kg/m’:

= Pout 100, 2)
100+7-(p,,,,107>-1)
where poy — the density of the solid biomass fraction, kg / m’.
The kinematic coefficient, K, is defined as:

K=K, (u, -S-d)/(B-S-K, -d)> 3)
where d is the daily load of biogas, kg/(m*/day); p, — the maximum growth rate of microorganisms,
microns; K; is the coefficient of proportionality, which is determined by the formula:
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The maximum growth rate of microorganisms, p,, microns, in biomass, is as follows:

u =0.013-4,-0.129; 6))

where t;, is the substrate temperature, ° C.
Daily output of biogas, m’/m’:

VB:BS - K , (6)
T Ty —1+K

where B is the maximum biogas yield, m*/kg; S — the concentration of organic matter in biomass, kg/m’;
T — fermentation time, days.

The calculation was carried out for a bioreactor with a volume of 1.2 m’ [Zhelykh and Furdas,
2011]. The amount of feed biomass was 1.0 m’. The temperature of the organic mass in the bioreactor
was assumed to be 50 °C. The following organic wastes were used as organic raw materials: agricultural
crops, corn stalks, grass, grape leaves, sugar beet leaves, cereal straw, red clover hay, rye straw. For these
wastes, the daily output of biogas VB was determined depending on the fermentation time 1, the results of
the calculation are shown in Figure.

As shown in Figure 1, the maximum daily output of biogas occurs 5—7 days after downloading the
biomass in the bioreactor and the most-more biogas produced from grass, straw, grain and corn.

Conclusions and practical significance

1. An estimation of energy potential of crop wastes in agriculture of Ukraine is made. A
promising trend is the processing of cereal straw, as the amount of this raw material remains large at
present, as well as the corn stalks and sugar beet sprouts that have the highest biogas yield.

2. The dependence of the daily output of biogas on the time of fermentation of agricultural waste
was determined, including corn stalks, grasses, grape leaves, sugar beet leaves, cereal straw, red clover
hay, rye straw, in a household biogas plant.

3. It is proved that of the proposed biomass species, most of the biogas is produced from grasses,
cereal straw and corn stalks, with the maximum daily output of biogas occurring 5—7 days after biomass
loading into the bioreactor.
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OpHi€r0 3 HAWNEPCIEKTUBHINIMX CKJIQJOBHX BiJHOBIIIOBAHOI €HEPreTUKH YKpaiHu € OloeHepreTHka.
BoHa ocHOBaHa Ha BUKOPHCTaHHI 0ioMacH, sika CIIYTye BUXIJHOIO CHPOBHHOIO JUISi BUTOTOBJICHHS MAJINBA Y
TBEPJOMY, PIIKOMY Ta ra3zonofaioHoMmy cranax. Jlo Giomacu 3apaxoBYIOTh BiJIXOJ Ta 3TUIIKH CLIBCHKOTO
TOCIIOJAPCTBA, BIAXOIM NEPEBUHU Yy JIICOBOMY TOCIOIAPCTBI, MEPEBOOOPOOHIH Ta IENIOI03HO-MANEPOBIi
MIPOMUCIIOBOCTI, €HEPTreTHYHI KyJIbTYpH, OPraHiuyHy YaCTUHY IPOMHCIOBHX Ta OOYTOBHX BiIXOIB. YKpaiHa
BOJIOZIi€ BEJIMKMMU IUIOLIAMHU 3E€MENIbHUX PECYPCiB, Ma€ CHPHUSTINBI I'PYHTOBO-KIIMATOJIOTIUYHI YMOBU Ta
PO3BHHEHE CIJIbChKE TOCIIOJApCTBO, TOMY MOXE VCIIIIHO pPO3BUBAaTH OiOCHEPIeTHKY, OCHOBaHY Ha
pocnuHHIN Oiomaci. HalponinpHinie BiIXOAW POCIMHHUITBA MepepoOsisiTH Ha Oioras, SKWM 1acTh 3MOTY
CLIBCHKOTOCITONAPCHKHAM  ITIANIPUEMCTBAM OTPUMATH JIOJATKOBE JDKEpENo eHeprii Ta 3abe3neynTh BUPOO-
HHUILTBO BUCOKOSIKICHUX OpraHiuyHuX 100puB. KpiM TOro, BUpoOHHMUTBO 0Oiora3dy He IIKiJUTUBE JJIsi HaBKO-
JIMIIHBOTO CEPEJOBUIA, OCKIIbKA HE CIPHYHMHSE JIOAATKOBY PEMICiI0 MapHUKOBOIO BYIJIEKHCIOrO rasy i
3MEHIIyE KiTBbKICTh OpPraHiuyHHMX BiAXOAiB. bioras 3pydHuil y BHUKOpPHCTaHHI Ui €HEPreTHWYHUX MOTPeO,
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3HAXOJUTh 3aCTOCYBAaHHsS Ha JEIEHTPANi30BaHUX OJIOYHMX TEIUIOLEHTPASIX Ui €JIeKTPOo- 1 Teryiono-
CTa4yaHHs, MOXE MOAABATHCSl B ra30TPAHCIIOPTHY MEPEXY Ta BUKOPUCTOBYBATUCS SIK MOTOPHE MaJMBO JUIS
aBTOMOOLTIB. Y CTaTTi 3alporoHOBaHO METOJMKY BH3HAUYEHHS KiJIBKOCTI 0iorasy Ta MpOBEAEHO aHANITHYHI
JIOCITI/PKEHHS] METAaHOYTBOPEHHSI Y MTO0YTOBIM 010ra3oBiii yCTaHOBII 3 BiIXOJIB POCIMHHHUITBA (11€, 30KpeMa,
KYKYpyI3siHi cre0ia, TpaBa, JIUCTS BUHOTPAJY, JHCTS IIYKPOBUX OYpSKIB, COIOMa 3€PHOBUX KYJBTYp, CIHO
YEepBOHOI KOHIOLIMHY, COJIoMa JKUTa). Ha mijcraBi pe3ynabTaTiB aHATITHYHUX JIOCIHIPKEHb BCTAaHOBJIIEHO, 1110
i3 3ampoIOHOBAaHMX BUAIB Oiomacu HaiiOinblie Oiora3dy YTBOPIOETHCS 3 TpaBH, COJOMH 3E€PHOBHX Ta
KYKYPY/I3H.

KuouoBi cioBa: OioeHepreruxa; OiomMaca; eHepreTH4HUil moreHuian; Oiora3; Bigxoau poc-
JIMHHULTBA.



