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Aim. To optimize the methane digestion process while using different recipes of substrate components of ag-
ricultural origin. Methods. The chemical composition of separate components of the substrate of agricultural
by-products, industrial wastes, fats of the agrorefinery and corn silage was studied. Dry (organic) mass, crude
protein (fat) fiber, loose ash, nitrogen-free exhaust were estimated in the components and the productivity of
biogas was determined along with the methane content. These data were used as a basis for daily recipes of the
substrate and the analysis of biogas production at the biogas station in Kostkowice. Results. The application
of by-products of agricultural production solves the problem of their storage on boards and in open containers,
which reduces investment costs, related to the installation of units for their storage. Conclusions. The return
on investment for obtaining electric energy out of agricultural biogas depends considerably on the kind of the
substrate used and on technological and market conditions.

Key words: agricultural biogas, biogas unit, substrate, biomass of by-products, methane digestion, electric

energy.
DOI: 10.15407/agrisp2.03.026

INTRODUCTION

The application of by-products of agricultural produc-
tion solves the problem of their storage on boards and
in open containers, which reduces investment costs, re-
lated to the installation of units for their utilization. In
addition, the biomass, accumulated in the open space,
is a source of greenhouse gases, which penetrate the
atmosphere and pollute environment. Agricultural bio-
gas units use biomass from agricultural by-products of
animal and plant origin as well as biomass, formed due
to the cultivation of energetic crops, and wastes (press
cake, pulp, fats, etc.). The use of so called differentiated
recipes requires the optimization of methane digestion
process for the purpose of obtaining high industrial re-
sults while producing biogas and of reducing the costs
of'its production via the utilization of waste components.

The work was aimed at the study of the optimi-
zation of the methane digestion process while using
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different recipes of substrate components of agricul-
tural origin.

MATERIALS AND METHODS

The chemical composition of separate components
of the substrate of by-products of agricultural produc-
tion (manure heap, liquid manure, manure), industrial
wastes (from the production of grain coffee, pomace,
brewing dishwash), fats of the agrorefinery, as well
as corn silage [1] was studied. Dry mass, dry organic
mass, crude protein, crude fat, crude fiber, loose ash,
nitrogen-free exhaust [2] were estimated in the com-
ponents. Then the productivity of biogas was deter-
mined along with the methane content therein, which
was formed as a result of methane digestion of separate
components [3]. These data were used as a basis for
daily recipes of the substrate and the analysis of biogas
production at the biogas station in Kostkowice.
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The digestion process was optimized in three sta-
ges — in the period from January 1, 2013 till June 30,
2014 (Table 1). At the first stage (from January to June
2013) in addition to liquid components the manure and
corn silage (28.6 % of substrate) were used which are
standard components, applied at the majority of biogas
stations. At the second stage (from July and Decem-
ber 2013) the content of silage was limited down to
10.7 % which led to the increase in the amount of
wastes. And at the last stage (from January to June
2014) the share of corn silage was decreased down to
7.5 %, whereas that of by-products — increased up to
73.6 % due to which the amount of wastes was reduced
by 2.7 % compared to the second stage. A product
from the agrorefinery with the 40 % content of rape
oil, which amounted to 1 % in the substrate, was an ad-
ditional component at the third stage.

Each of the study stages included the control of the ac-
curacy of the course of methane digestion and the deter-
mination of pH, the content of volatile fatty acids (VFA
or FOS) using the example of acetic acid, total inorganic
buffer carbonate solution (TAC) — alkalinity in the en-
zyme. The content of FOS and TAC was found by the

The analysis of other substrate components revealed
(Table 3) that the highest dry mass was noted for fats
and corn silage, the highest content of crude protein —
for brewing dishwash, and the highest amount of

Table 1. The percentage of substrate components at different
stages of the study

Measu- Stage
Parameter rement
unit I I I

By-products t 5,383.4 | 8972.9 | 11,346.5

% 64.8 68.7 73.6
Waste recovery t 549.3 | 2692.1 | 2771.5
products % 6.6 | 206 17.9
Fats t 0.0 0.0 154.2

% 0.0 0.0 1.0
Silage t 2,378.5 | 13949 | 1151.7

% 28.6 10.7 7.5

Table 2. The physical and chemical indices of the main sub-
strate components

method of titration of the enzyme sample of 20 ml (pH 5
and pH 4.4) using 0.1 N of sulfuric acid (VI) [4]. Substrate components
RESULTS AND DISCUSSION Parameter, % . Cow Pig
The study of the animal by-products revealed the magwr manure manure
highest dry mass for cow manure [5], whereas the ure heap heap
highest dry organic mass was that of pig manure heap,
obtained while growing pigs with no bedding. Among  Dry mass 19.47 2.80 10.10
substrate components, presented in Table 2, the high-  Dry organic mass 74.66 60.22 85.06
est content of protein, fat and crude fiber is noted for Crude protein 1.19 0.56 0.64
cow manure. The concentration of the former is lower  cpyde fat 137 0.38 0.44
inhl.iqlllli'd co;rtlﬁor;fnts, etx.cept t;[)r nitr(.)getﬁ—fre.e exhaust, Crude fiber 436 0.60 078
which is of the highest importance in the pig manure 183 0.30 6.55
heap.
Table 3. The physical and chemical indices of other substrate components
Component
Parameter, % Grain
. Brewing dishwash Pomace Corn silage Fats
residues

Dry mass 22.00 24.00 31.50 33.00 40.00

Dry organic mass 9591 96.25 98.38 92.79 100.00

Crude protein 2.00 6.15 2.79 2.67 0.00

Crude fat 0.70 2.10 0.45 1.10 40.00

Crude fiber 6.00 4.25 8.06 7.60 0.00

BNW 12.40 10.60 19.18 19.25 0.00
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Fig. 1. The share of the main groups of substrates, used in the agricultural biogas station Kostkowice, at the Experimental
Station of the National Research Institute of Animal Production in Grodziec Slaski
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Fig. 2. pH values of enzymes during the testing period

Table 4. The yield of biogas and methane in biogas as a result of fermentation of tested components (estimated according to [6])

Component Biogas productivity [In/kg SSO] | Methane productivity [In/kg SSO] | Content of methane in biogas, %
Cow manure heap 486.18 287.15 59.06
Pig manure heap 525.24 272.59 51.90
Cow manure 285.21 158.52 55.58
Grain yield 211.87 121.33 57.27
Brewing dishwash 536.97 319.90 59.58
Pomace 492.42 252.08 51.19
Fats 1,200.00 816.00 68.00
Corn silage 576.85 302.08 52.37

crude fiber was registered for pomace. The values for
nitrogen-free exhaust in corn silage and fruit residues
were at a relatively high level. A fat component from
the agrorefinery was found to be the mixture of water
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and rape oil, remarkable for the highest content of fats
among other applied components.

The study of components, subjected to methane digestion,
from the standpoint of increasing the production of biogas
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Fig. 3. The parameters of TAC and FOS enzymes during the analyzed period
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Fig. 4. The biology of methane fermentations of FOS/TAC

and the content of methane therein confirmed that fats, corn
silage, brewing dishwash and pomace are characterized
by high biogas productivity. The fermentation of products
of animal origin, such as manure, manure heap and liquid
manure, and fat components has considerable impact on
the increase in methane content in biogas (Table 4).

25,703 t of by-products, 6,167 t of waste recovery
products and 4,925 t of silage were used from January
2013 till June 25, 2013. The largest share (70 %) is that
of by-products, 17 % — of waste recovery products, and
the rest (13 %) — of silage (Fig. 1).

The values of pH for the analyzed period were nor-
mal regardless of the substrates used. There was an in-
significant decline of pH compared to the norm in the
period of September—October 2013 (Fig. 2).
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The parameters of enzymes FOS and TAC revealed
no mistakes in the course of methane digestion either
(Fig. 3).

As for FOS/TAC parameter, demonstrating the state
and course of the methane digestion process, there is
an insignificant excess of the norm (over 0.3) at stage
II (Fig. 4). It testifies to the accumulation of products
during the formation of acids, which is also manifested
by an insignificant decline in pH, shown in Fig. 2.

2,834,455 cubic meters of biogas were produced
from the substrate, the main components of which were
by-products and wastes, during the period of January
2013—June 2014 (Fig. 5).

During the production of biogas there was an insig-
nificant decline of production at stage II, and the pro-
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Fig. 5. The production of biogas for the studied period

duction volume of stage III is similar to that of stage I,
which might have been impacted by the introduction of
fat. With increased amount of by-products, wastes and
the introduction of fat to the recipe of substrate compo-
nents there was a noted increase of methane in biogas
up to 1 % (Table 5).

These results confirm the estimation of biogas effi-
ciency which is the highest with the application of fat
components, and for methane — with the application of
by-products of agricultural products and fats.

The studies of Weglarzy, Skrzyzala [7] determined
that anaerobic fermentation of animal by-products pre-
vents greenhouse gases, harmful for environment, loss
of nitrogen and escape of stench, which deteriorates
air quality considerably on the territories, adjacent to
farms. It was also proven that methane digestion is one
of the best ways to farm using solid manure and ma-
nure pits [8]. The production of biogas in the process of
anaerobic fermentation and its burning in the cogenera-
tion engine yields electric energy and heat residue due
to cooling of the engine, which may successfully be
used to meet the needs of the farm or to be sold at the
energy market.

Table 5. The production of biogas at different stages of the
experiment
Stages
Parameter
1 11 I

Biogas production, 988228.7 | 872350.0 | 973875.9

cubic meters

Content of CH, 53.7 53.9 54.9
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Raw material of plant production is an important
component of the substrate for agricultural biogas sta-
tions, for instance, crop residues, peels, feed residues,
grains, oil-seeds and silage, unsuitable to feed animals.
Another source of substrates of agricultural origin is
growing energetic plants, corn in particular, for the
needs of the biogas station. Waste recovery products
may also be referred to the substrates, used in agri-
cultural biogas units. The recovery of milk fermenta-
tion wastes occurs at the fermentation plate, and the
recovery products are used as a substrate for the biogas
station, following a careful analysis of the content of
volatile fatty acids, pH value and quality assessment
according to Fliega method. The work of Banel [9]
demonstrated that volatile fatty acids have considerable
impact on the process of transforming organic matter
into methane. Only strict control allows optimizing the
process and avoiding environment pollution [10]. The
studies, conducted at the biogas station in Kostkowice,
demonstrate that the alternative of energetic crops, corn
silage mainly, is such wastes as pomace and brewing
dishwash, the physical and chemical parameters and
energetic value of which are similar to standard compo-
nents, used in biogas stations. A perfect energetic addi-
tive is fatty components, which cause both the increase
in the performance of biogas products and the increase
in methane content. Differentiated amounts of biogas
with different methane content are obtained from the
substrate of agricultural origin. The rate of dissocia-
tion for some bonds is also different [11]. Saccharides
are susceptible to fermentation the most, followed by
proteins and fats. The largest amount of methane is ob-
tained due to the decomposition of proteins, and bio-
gas productivity is the highest due to the application
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of fats. It is possible to maintain a stable level of bio-
gas production in the process of methane fermentation
using relevant C:N ratio, balanced in terms of energy
recipes, the content of dry mass of substrates, as well
as the content of dry organic mass and hydration, di-
rectly influencing the moisturization of the fermenting
mass. The studies, conducted at the agrobiogas station
of the Experimental Enterprise in Grodziec Slaski, in-
dicate that the enrichment of the recipes of agricultural
substrates (manure pit, liquid and solid manure) using
the biomass from wastes, in particular, fruit residues or
brewing dishwash, may facilitate the increase in biogas
production while maintaining optimal parameters of
methane fermentation and limiting environment pollu-
tion via the reduction of uncontrolled leaks and exhaust
of greenhouse gases. These studies have also been con-
firmed by the publication of Bohdziewicz, Kuglarz
[12], who came to the conclusion that the fermentation
of agricultural by-products conducted in combination
with the production and utilization of produced biogas
is a reasonable solution.

A relevant issue in the optimization of the process
of biogas production is biological maintenance of the
biogas station, mainly based on the estimation of the
enzyme from the standpoint of dry mass content, pH,
FOS, TAC and temperature. During an accurately run-
ning process the pH value is 7.2-8.0 and its even in-
significant changes may cause some disruptions in the
course of anaerobic fermentation. The pH reduction
indicates the accumulation of products of the second
stage, which is the formation of acids. It leads to the
inhibition of the following stages of methane fermenta-
tion. The fermentation process may be blocked both by
substances, supplied from the outside along with the
substrate, and by the ones, formed inside the fermenta-
tion reactor chamber. The temperature of the process is
another significant parameter of methane fermentation
process. In optimal conditions the mesophilic digestion
takes place at 40 °C. Another relevant parameter is dry
mass in the fermenter. Hydration has a considerable
impact on the course of methane fermentation, and on
the work of mixers. The optimal content of dry mass
to prevent overloading and damage of mixers is 8-
9 % for the main fermenter and 6—7 % — in the final fer-
menter (pre-fermenter). The changes in FOS/TAC pa-
rameter testify to the problems, related to the amount of
introduced substrate. It is believed that in conditions of
accurate course of the fermentation process FOS/TAC
should be equal 0.2-0.3. If this index is lower, the pro-
cess productivity is not optimal, i. e. the substrate dose
should be increased. If it exceeds 0.3, the load should

AGRICULTURAL SCIENCE AND PRACTICE Vol.2 No.3 2015

be controlled via dose reduction or even temporary
stops in the work until the parameters stabilize within
the optimal framework. The requirement of biological
control of the fermentation process, prevention of sud-
den changes and gradual introduction of the substrate is
also discussed by Gtodek et al. [13].

Therefore, the studies on the optimization of the pro-
cess of biogas production while using the substrate of
agricultural and consumer goods production and by-
products of agricultural production revealed that high
results are possible in case of using alternative residues
(instead of silages) while keeping relevant biological
parameters of the enzyme.

CONCLUSIONS

The return on investment for electric energy, ob-
tained from agricultural biogas, depends considerably
on the kind of the substrate used and on technological
and market conditions.

Taking into consideration the fact that each farm has
biomass, which may successfully be used in biogas
production [14], it is reasonable to build a station in the
vicinity of farms.

The introduction of residues to daily recipes allows
increasing biogas production with considerable reduc-
tion of the cost of substrate components due to the limi-
tation of corn silage utilization.

Biogas production increases the profitability tak-
ing into account the possibility of obtaining and us-
ing the energy for one’s own needs and due to ad-
ditional income from the sale of energy and “green”
certificates [15].

The material presented does not allow defining clear
optimal daily recipe of the substrate. The study of the
optimization of biogas production using other compo-
nents, besides silage, should be continued.

Honepenni pe3yasTaTu onTUMi3amii mpoxyKuii
Oiora3y Ha Giora3osiii cranuii IHcTHTYTY 300TexXHiKH
JlepxaBHOT0 HAYKOBO-10CJiAHOTO iIHCTUTYTY
B I'ponmio Cinesbcskivm — KocTkoBine

K. Benrsoku, FO. 1llnisa, b. Marpoc, I'. Cuu
e-mail: weglarzy(@zdgrodziec.edu.pl

[HCTUTYT 300TeXHIKM Jlep>kaBHOTO HAYKOBO-IOCIIiTHOTO
iHcrutyty B ['ponio CinesbcbkiMm — KoctkoBire

Meta. MeToro pobotu Oynu monepeaHi OCTiIKSHHS ONTH-
Mi3allii mpoIecy MeTaHOBOH (pepMEHTAIIil IIPH BUKOPUCTAH-
Hi pI3HOMaHITHAX PELEnTyp KOMIIOHCHTIB CyOCTpaTiB CiiIb-
CHKOTOCTIOIAPCHKOTO TOXO/KeHHs. MeToau. Y CiIbCBKO-
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TOCIIOAAPCHKUX 010Ta30BHX yCTAaHOBKAX 3aCTOCOBYIOTH 0io-
Macy 3 CUIBCHKOTOCTIOaPCHKHUX IOOIYHUX TPOIYKTIB TBa-
PUHHOTO i POCITMHHOTO TOXOUKEHHS (THIH, pinkwWil THil,
ceda, PeIITKH KOPMIB), a TaKoXK OioMacy, 10 yTBOpHIIAcs B
pe3ynbTaTi BUPOITYyBaHHS €HEPTeTUIHNX KYIBTYP, 1 BIAXOAN
(MaKyxy, )KOM, JKHPH TOIII0). Y pa3i BUKOPHCTAHHS TaK 3BaHUX
Iu(EepeHIIIHOBAaHNX PEIEeNnTyp HEOOXiTHOI € ONTHMIi3allis
MpoIiecy METaHOBOi (epMeHTAIlil i MiABUIICHHS BH-
pOOHHYUX pE3yAbTaTiB MPH OTPHMaHHI Oiora3y, a TaKOX
3HIDKEHHS BUTPAT Ha HOTO MPOAYKIIIO Yepe3 3aCTOCYBaHHA
KOMITOHEHTIB BinxomniB. Pe3ynabraTn. Bukoprucranus mobiu-
HUX TPOAYKTIB CLIBCHKOTOCHOAAPCHKOTO BUPOOHHIITBA BH-
piiye mpobiemy iXHBOrO 30epiraHHs Ha IUTUTax iy Bij-
KPUTUX EMHOCTSIX, 1[0 3HW)KY€ IHBECTHUIIIHHI BUTpATH, MO-
B’s13aHi 3 Oy/IIBHUIITBOM YCTaHOBOK JIJIsl iXHBOTO 30€piraHHsi.
BucnoBku. OKyIHICTh OJEpIKaHHSI €JICKTPUYHOI EHeprii
i3 CUIBCHKOTOCIIONAPCHKOro Oiorasy 3HAYHOK MIpOIO 3ajie-
JKHTh Bl BUJY BHKOPHCTaHOTO CyOCTpary, a TakoX Bif
TEXHOJIOTIYHUX 1 PUHKOBHX 0OYMOBJICHOCTEH.

KuarouoBi ciaoBa: cinmbcpkorocnomapcbkuii 0Oioras, Oiora-
30Ba yCTaHOBKa, CyOcTpar, Oiomaca MOOIYHHX MPOMYKTIB,
MeTaHOBa (pepMeHTAIlisl, eIIEKTPUYHA SHEPTis.

IIpenBapure/ibHbIe Pe3yabTAaThl ONTHMHU3ALMHI
NPOoAYKIUM OHOra3a Ha OMOra3oB Oif cTAaHUMU
HNucruryTa 300Texnuku ['ocynapcTrBeHHOro
HAYYHO-HCCJIe0BATEIbCKOI0 HHCTUTYTA
B I'ponmio Cuitesckom — KoctkoBune

K. Bennisoxsl, 1O. nuea, FO. b. Matpoc, I. Ceru
e-mail: weglarzy@zdgrodziec.edu.pl

WuctutyT 300TeXHMKH ['0Cy1apcTBEHHOTO
HAyYHO-UCCIICIOBATEIIECKOTO HHCTHTYTA
B I'ponuro Cuiiesckom — KoctkoBuiie

Heab. Ilenpto paboThl ObUTH MpenBapUTENbHBIE HCCIIe-
JIOBaHUsI ONTHMHU3ALMHU MPOLECCa METAaHOBO i (hepMeHTa-
WU IIPU UCIIOJIB30BaHUU Pa3JIMYHBIX PEUCHITYP KOMIIOHCH-
TOB CYOCTPaTOB CEIbCKOXO3SHCTBEHHOTO MPOUCXOXKICHHMSI.
MeTonpl. B celbCKOX03sICTBEHHBIX OMOTa30BBIX YCTAHOB-
Kax MPUMCHSIOT OMOMAcCCy U3 CEIbCKOXO3SUCTBCHHBIX IT0-
OOUYHBIX TMPOIYKTOB KHBOTHOTO M PACTUTEIBHOTO IPOHC-
XOXKICHUS (HABO3, )KUIKUI HABO3, MOYa, OCTATKH KOPMOB),
a TaKke Omomaccy, o0pa3oBa BINYIOCS B pe3yJbTare BbIpa-
IIUBAHUS SHEPTETHUYCCKUX KYJIBTYP, U OTXOIBI (3KMBIX, JKOM,
XKUPBI U T. Ja.). [Ipy HCHOIB30BAaHUHM TaK HAa3bIBACMBIX
T PepeHINPOBAHHBIX PEIENTYP HEOOXOAMMa ONTHMH3a-
IUs MPOIecca METAHOBOW (PEPMCHTAIUM JJIsl TTOBBIIICHUS
MIPOU3BOJICTBEHHBIX PE3YJIbTATOB IPH IOJYyYCHUH OHora-
3a, a TaKXKEC CHIDKCHHE 3aTpaT Ha €ro MPOIYKIIUIO BCIICH-
CTBUC TIPUMEHCHH 51 KOMIIOHEHTOB OTXONIOB. Pe3yabTarhl.
Hcnonp3oBaHue MOOOYHBIX TPOAYKTOB CEITHCKOXO3SHCT-
BEHHOTO IIPOM3BONICTBA pPEIIacT MpoOIeMy WX CO XpaHe-
HUSI HA IUIMTAX M B OTKPBITBIX E€MKOCTSX, YTO CHHXKAET
WHBECTHUIIMOHHBIE PACXO/IbI, CBI3AHHBIE CO CTPOUTEIHCTBOM
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YCTQHOBOK JUII WX XpaHeHHsA. BbiBoabl. OxynaemocTh
MOJIyYEHHUs] DJIEKTPUUECKOW DHEPIMH M3 CENIbCKOXO3AMCT-
BEHHOTO OMOTa3a B 3HAYMTEIIBHOM CTENEHU 3aBUCHUT OT BH-
Jla MCIIONB30BAHHOTO CyOCTpara, a TaKkKe OT TEXHOJOIH-
YECKHMX U PBIHOYHBIX 00YCIOBICHHOCTEH] .

KuroueBble ciioBa: CebCKOXO3SIMCTBEHHBIN Onoras, ouora-
30Basi yCTAHOBKA, CyOcTpar, Omomacca moOOYHBIX IPOIYK-
TOB, METaHOBasI (PEPMEHTAIINS, ITCKTPHUUCCKAS SHEPTHSL.
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