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Abstract. Necessity of electricity generation together with climate
protection make us do reaching out for renewable energy resources. Year in,
year out the demand for renewable biofuels grows, which will be able to
replace the presently used fuel products based on nonrenewable natural oil
and coal. The possibilities and prospects of industrial-scale utilization of silage
made of standard rye (Secale cereale L.) for the biogas production are
presented. It is important technological issue, especially in these countries,
where high potential and agricultural tradition of this cereal type cultivation
exists. The measurement results concerning the methane fermentation
process course are presented and discussed. Analysis results concerning
selected elements contents in silage are also provided.
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Introduction. In the nearest future making use of soil will be connected
not only with food production, but also with energy generation. It will cause
demand for agricultural biomass to happen. It results from emission of
greenhouse gases into the atmosphere, which in case of direct biomass
burning or/and its conversion into fuel(s) provides closed CO, cycle [1].
Demand for food will also induce the growth of animal production [2]. Intensive
animal breeding, especially connected with high breeding density, as it is
usually observed in animal breeding farms, is closely connected with
generation of significant amounts of feaces. Modern pig fatten farms are the
most often run in a bedding-free system, thus the feaces are removed from the
system in a form of liquid manure. However, it represents hazard for natural
environment, including inland waters, soils and air. Essential effect on the
biosphere is exerted by nitrogen, emitted in a form of ammonia. It is estimated,
that the amount of ammonia emitted by the pigs reaches even 5,1 kg
NHs/(animalxyear). Ammonia emission starts as early as in the farm buildings,
continues during storage, transport and during inappropriate distribution of
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liquid manure on the agricultural fields. The nitrogen compounds emitted from
the farms contaminate air, ground and surface waters nearby the farms and
fields fertilized with the use of liquid manure. High doses of such fertilizer type
over the agricultural fields can lead to permanent anaerobiose, thus in result
inhibition of biological life in the soil environment. Atmospheric air in the vicinity
of the farms is contaminated with methane, carbon dioxide, carbon monoxide,
ammonia, mercaptanes, aldehydes, amines, hydrogen sulphide and other
compounds, which at their high concentrations are poisons. Since these are
the compounds characterized by very low smell threshold (low concentration),
thus even small amounts of these emitted are smell detectable and make
deterioration of the air quality in result of unpleasant, characteristic smelt. Thus
new technologies of these feaces utilization integrated with simultaneous
energy production are sought-after [3,5,6,7].

Co-fermentation of green biomass with liquid manure offers splendid
conditions both for troublesome liquid manure utilization and for renewable energy
production. It represents one from the experimentally verified, economically
justified methods. The process is based on anaerobic decomposition of easily
decomposable, macromolecular organic compounds into simpler chemical
species, whereas sparingly decomposable compounds into the stable ones.
Present animal breeding farms should be modernized or replaced with modern
technological plans. It will make reduction of animal breeding inconvenience for
natural environment and biosphere possible. Moreover, according to the idea of
practical utilization of renewable energy sources the biogas production
technologies are worth recommending. For the research tests e.g. fermentation in
nylon sacks is introduced [4]. Industrial scale solutions make use of not only
concrete-based reactor constructions (Fig. 6), but also some constructions made
with sheets of enamel metal (Fig. 5).

Fig. 1. Standard rye ready for silage production (photo J. Cebula)

Development of the agricultural wastes conversion methods together
with energetic plants especially designed for energy production is a chance for
the development of many knowledge domains like: organization of biogas
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production, economy, ecology, chemical/biochemical technology. It also favors
unification of effort towards construction of new, local agricultural biogas
plants, biomass production specially intended for biogas synthesis, modern
directions of agricultural biogas applications in the transport, etc. All over the
world one observes increasing activities oriented for pretreatment of biogas for
the use in the fuel cells or as the fuel for internal combustion engines and for
co-generation systems.

The main aim of the presented research was determination of the
possibilities of the standard rye silage utilization for the agricultural biogas
production. Determination of the silage decomposition course during the
methane fermentation process is of primary interest. The laboratory tests were
also oriented for realistic simulation of the anaerobic fermentation process in a
biogas plant.

Experiments. One of the substrates convenient for biogas production
may be silage made of standard rye. The standard rye was harvested during
ripen season what makes sowing and harvest from the same field crop
cultivated between main crops, which can also be used in silage production in
the same vegetation season, possible. Farmers are interested in gaining large
biomass crops from 1 ha. The plant type of the known requirements, destined
for silage, is thus standard rye. Fig. 1 presents this plant just before harvest.

Methodology of the laboratory scale tests, as well as analytical
description of the processes observed were taken from the German norm DIN
38414-8 determining the research methods for water, wastewater and
wastewater sludge (sediments) analysis. The norm includes descriptions of the
biological-chemical methods for research and tests in susceptibility to
anaerobic decomposition of the sludges and wastewaters of high content of
organic substances. Diversification of biogas yields from the organic
substances conversion was roughly assumed as the conventional measure
and quantification of this susceptibility. Measurement stand and equipment, as
well as the experimental results analysis methods are presented in detail in [8].
In Fig. 2 an sample of silage used for the tests and analyses is presented.

(photo J. Cebula)
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In industrial scale silage from standard rye is produced with the use of
heavy equipment (Fig. 3). Part of silage derived from the previous year crops
is also visible.

Fig. 3. Production of silage from standard rye for the biogas plant and
animals feeding (photo J. Cebula)

For the transportation of silage from silos and chambers made directly
on the fields the self-unloading trailers are in the common use (Fig. 4).

Fig. 4. The self-unloading trailer used for transportation of silage in a
biogas plant (photo J. Cebula)

New domain of knowledge and biochemical industry - energy production
based on biogas synthesis — makes use of the most modern technical
solutions. In some countries metal-made reactors are used (Fig. 5), whereas in
others reinforced concrete constructions are in practical use (Fig. 6).
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Fig. 5. Fermenters made of enamel metal sheets (photo J. Cebula)

Fig. 6. Fermenters made of reinforced concrete and insulated with
polystyrene foam (photo J. Cebula)

We determined of content elements important from a points of view of
fertilizing plants (Fig. 7, 8).

Fig. 7. Scanning electron microscope image of burn to ashes rye
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Fig. 8. Analytical EDS test results concerning elements content in a
sample of burn to ashes silage made of standard rye

1. Analytical EDS test results concerning elements content in a
sample of mineralized silage made of standard rye

| Element |Samplel |Sample2 | Sample 3 | Sample 4 | Sample 5 | Average |
Oxygen 32,568 22,790 12,281 32,287 23,820 24,749
Potassium 29,668 28,824 56,075 40,195 49,127 40,777
Calcium 11,604 27,101 4,308 4,379 3,246 10,127

Phosphorus 5,603 7,153 3,406 7,311 5,157 5,726
Chloride 5,137 5,970 10,807 1,850 5,275 5,807
Carbon 5,280 2,022 0,420 2,669 2,060 2,490
Silica 4,094 1,947 8,149 7,402 7,763 5,871
Magnesium 2,914 1,476 1,998 1,817 1,911 2,023
Natrium 1,292 0,551 0,444 0,456 0,621 0,672
Sulphide 1,241 1,245 1,108 1,093 0,350 1,007
Iron 0,596 0,885 0,998 0,539 0,662 0,736
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Fig. 9. Batch biogas production course based on silage substrate
made of standard rye — process kinetics
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The inoculum source was cattle liquid manure derived from the
fermentation chamber of the agricultural biogas plant. The guidelines for
inoculum preparation technique and its details are available in a German norm
DIN 38414-8 determining the research methods recommended for water,
wastewaters, wastewater sediments analysis in respect to determination of
their potential for anaerobic decomposition.

Results. Scanning electron microscope image of the silage sample is
presented in Fig. 7. In the image one can notice highly porous, layered
structure, suggesting necessity of liquid penetration of the particles interior
before leaching and diffusional transport of the dissolved substance to the bulk
solution. The possible diffusional mass transport resistances may be regarded
as the kinetic limiting factor, since only leached dissolved organic substance
can be further biochemically processed towards biogas synthesis. Moreover,
in selected localizations of the sample the EDS measurements were done.
Test results concerning elements content in a sample are presented in Fig. 8
and Table 1. From the table it results, that it can be useful as fertilizer.

In Fig. 9 the research results concerning the intrinsic ability for biogas
production of standard rye silage as a function of the batch process time are
presented. The resulting time can be also interpreted as the necessary
hydraulic retention time (HRT) of the substrate in a bioreactor working volume.
Analyzing the plot one can conclude, that the highest biomass production rate
is observed up to 100 h only, with corresponding total biogas volume of ca.
375 m3/kg som. After this time anaerobic process rate gradually decreases.
Practically after 400 h of the batch process course the increments of produced
biogas volume are rather small. The mentioned finding can be the basis for
methane fermentation process design and optimization and determines thus
the optimum time for the given batch biomass conversion. Longer residence
time of silage in working volume of the bioreactor is not recommended
economically since productivity decreases significantly.

Conclusions
Based on the laboratory test results one can conclude, that silage made
of standard rye is a good substrate for biogas production. Calorific value of the
biogas depends on the methane content which under the experimental results
reached ca. 54%. Assuming average harvest of standard rye destined for
silage production, one can obtain about 9000 m*® of biogas from 1 ha.
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CUNOC I3 XKUTA AK CYBCTPAT AJiA BUPOBHULUTBA BIOIrA3Y
A. boxaxieBiy, A. Llebyns, K. MioTpoBcbkun, IN. Cakiesiy

AHoTauin. HeobxiOHicmb supobHUUMEa efleKmpoeHepaii 8 NOEOHaHHI i3
3axucmomM HaeKoMUWHbo20 cepedoguwa 3mywye pobumu Ha20/l0C Ha
8UKOpUCMaHHSs NMoHOo88aHUX Oxepes eHepeaii. 3 poKy e pik 3pocmae nonum
Ha roHoesneaHe b6ionanueo, siKe 3MOXe 3aMiHUmMu 3acmocogy8aHi HUHI
nasueHi npodykmu Ha OCHO8I He8IOHO8/1I08aHUX MNPUPOOHUX OJ1U8 | 8Y2iITIS.

[pedcmaesneHi  Moxnueocmi i nepcriekmueu  MPOMUC/I08020
guKopucmaHHs cusiocy i3 xuma (Secale cereale L.) 0ns eupobHuumea
bioza3sy. Lle saxrnuee mexHosozaiyHe numaHHsi, 0cobsiueo 8 mux KpaiHax, de €
8UCOKI MOMEHUIUHI I CirlbCbKo20ocrnodapchbKi mpaduuii aupouw,yeaHHs1 3epHO8UX
Kynbmyp. HaeedeHi ma o062080peHi pe3ynbmamu OOC/IOXEHb, WO
cmocytombcs  npoyecy mMemaHogo20 6po0iHHA. Takox Haeo0simbCs
pe3yribmamu aHarsi3y eaMmicmy OKpeMux esieMeHmie 8 CusIioci.

Knro4yoBi cnoBa: 6io2a3, 6iomemaH, secale cereale L., )xumo, cunoc

CUNOC U3 PXXN KAK CYBCTPAT AJid NPOU3BOOACTBA BUOIA3A
A. Boxpxuesuy, fA. Lle6yns, K. NMuoTtpoBckuu, IN. CakneBuny

AHHOTaumua. Heobxodumocme rpouzsodcmea 3/IeKMpPosHepauUu 8
coyemaHuu € 3auumol oKkpyXxaruwiel cpedbl 3acmaesrisiem Oeflame yriop Ha
ucrionib308aHUe B0306HOB/ISIEMbIX UCMOYHUKO8 3Hepauu. M3 2o0a 6 200
pacmem crpoc Ha 80306HosnsseMoe 6buomornnueo, Komopoe CMoxXem
3aMeHUMb UCrob3yeMble 8 Hacmosuwiee 8peMsi mMorsiueHble fMpodyKmbl, Ha
OCHOB€E HEBO306HOBISIEMbIX MPUPOOHbLIX Maces U yeris.

[pedcmaeneHbl 803MOXHOCMU U MePCeKkmubl MPOMbIWIEHHO20 UC-
rnosnb308aHusi cusoca u3 pxu (Secale cereale L.) 0ns npouseodcmea buozasa.
3mo eaxHbIl mexHosio2u4yeckKul eoripoc, ocobeHHO 8 mex cmpaHax, 20e
umeromcsi 8bICOKUE MoMmeHyuaribHble U CerlbCKOX035UCmeeHHble mpaduyuu
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eblpawueaHusi 3epHosbIx Kyrnbmyp. lNpusedeHbl u 06CcyX0eHbl pe3yrnbmamabl
uccriedogaHul, KacarWwUuxcs rpouecca memaHogo20 bpoxeHus. Takxe
rnpueodsmcs pe3yribmamsl aHanu3da cooepxxaHusi omoesibHbIX 3/1EMEHMO8 8
cursioce.

KnioueBble cnoBa: 6uoza3, 6uomemaH, secale cereale L., poxb,
cusoc
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AHoTauifa. Y cmammi po3ansiHymo mexaHisMm iHaHCcysaHHS1 IHHosauil
8 obsiacmi ekonoaii ma npupodokopucmyeaHHs. 3arporoHoeaHo eapiaHmu
83aeMo0ii po3pobHUKa ma Kopucmyeadya mexHosnoaeii 3 ypaxye8aHHSM
3any4YeHHs (biHaHCyB8aHHs1 Orisi ernposadXeHHs pPo3pobku 6 eupobHuYul
npouyec. Po3spaxyHKoOBUM WIISIXOM 68CmaHoe8/1eHo OoUuinibHicmb  peani3auji
3aMKHymux YuKrie eodoriocmayaHHsl — Ha OCHO8I NMoKa3HUKI8 8UKopuUCmaHHs
B800HUX pecypcie ma iHOekcy peHmabernbHocmi. OuiHeHO Kpumepii subopy ma
rnepcrnekmusHocmi ¢hbiHaHcy8aHHs1 IHHogsauiliHux po3pobok 8 cghepi cucmem
OYUCMKU CMIYHUX 800 rpomucriogux o06’ekmie; 3arporioHo8aHo MemoOouKy
po3paxyHKy ob6’emig iHeecmuuiti 8 rnpupodOOXOPOHHI 3axo0u, KyOu BKITHYEHO |
Kpumepit eHepaoephekmueHocmi OyHKUIOHY8aHHS €/1eKmMpPomexHO102iYHO20
obriaOHaHHs1 800004UCMKU, SIK NMepuoyYyep208uUll NMoKa3HUK.

KnrouoBi cnoBa: mexHosoezisi, iHHogauisi, npupodokopucmyeaHHsl,
eodooyucmeka, obopomHe eo00ornocma4vyaHHsi, eHepaoegheKkmueHicmb,
peHmabenbHicmb

AKTyanbHiCTb. AKTyanbHICTb LUMPOKOro BMNPOBAMXEHHS Npupoao-
OXOPOHHUX IHHOBALUINHUX TEXHOSOrN aKTMBHO OBGroBOPKETLCA B HAYKOBO-
NpakTUYHUX cnifibHoTax (rangapiscbkun opym 2016, MixxHapoaHu dopym B
HaBoci). OpgHak, CTBOPEHHS1 HOBWX TexHonorin B obnacti ekonorii Ta
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