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Aim. To optimize the methane digestion process while using different recipes of substrate components of agricultural origin. Methods. The chemical composition of separate components of the substrate of agricultural
by-products, industrial wastes, fats of the agrore¿nery and corn silage was studied. Dry (organic) mass, crude
protein (fat) ¿ber, 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.
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INTRODUCTION
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 utilization. In
addition, the biomass, accumulated in the open space,
is a source of greenhouse gases, which penetrate the
atmosphere and pollute environment. Agricultural biogas 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 results while producing biogas and of reducing the costs
of its production via the utilization of waste components.

different recipes of substrate components of agricultural origin.
MATERIALS AND METHODS

The work was aimed at the study of the optimization of the methane digestion process while using

The chemical composition of separate components
of the substrate of by-products of agricultural production (manure heap, liquid manure, manure), industrial
wastes (from the production of grain coffee, pomace,
brewing dishwash), fats of the agrore¿nery, as well
as corn silage [1] was studied. Dry mass, dry organic
mass, crude protein, crude fat, crude ¿ber, loose ash,
nitrogen-free exhaust [2] were estimated in the components. Then the productivity of biogas was determined 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 stages í in the period from January 1, 2013 till June 30,
2014 (Table 1). At the ¿rst 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 December 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 agrore¿nery with the 40 % content of rape
oil, which amounted to 1 % in the substrate, was an additional component at the third stage.
Each of the study stages included the control of the accuracy of the course of methane digestion and the determination 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 enzyme. The content of FOS and TAC was found by the
method of titration of the enzyme sample of 20 ml (ɪɇ 5
and ɪɇ 4.4) using 0.1 N of sulfuric acid (VI) [4].
RESULTS AND DISCUSSION
The study of the animal by-products revealed the
highest dry mass for cow manure [5], whereas the
highest dry organic mass was that of pig manure heap,
obtained while growing pigs with no bedding. Among
substrate components, presented in Table 2, the highest content of protein, fat and crude ¿ber is noted for
cow manure. The concentration of the former is lower
in liquid components, except for nitrogen-free exhaust,
which is of the highest importance in the pig manure
heap.

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

Parameter
By-products
Waste recovery
products
Fats
Silage

Measurement
unit

Stage
I

II

III

t
%
t
%
t
%
t
%

5,383.4
64.8
549.3
6.6
0.0
0.0
2,378.5
28.6

8972.9
68.7
2692.1
20.6
0.0
0.0
1394.9
10.7

11,346.5
73.6
2771.5
17.9
154.2
1.0
1151.7
7.5

Table 2. The physical and chemical indices of the main substrate components
Substrate components
Parameter, %

Dry mass
Dry organic mass
Crude protein
Crude fat
Crude ¿ber
BNW

Cow
manure

Cow
manure
heap

Pig
manure
heap

19.47
74.66
1.19
1.37
4.36
1.83

2.80
60.22
0.56
0.38
0.60
0.30

10.10
85.06
0.64
0.44
0.78
6.55

Table 3. The physical and chemical indices of other substrate components
Component
Parameter, %

Dry mass
Dry organic mass
Crude protein
Crude fat
Crude ¿ber
BNW

Grain
residues

Brewing dishwash

Pomace

Corn silage

Fats

22.00
95.91
2.00
0.70
6.00
12.40

24.00
96.25
6.15
2.10
4.25
10.60

31.50
98.38
2.79
0.45
8.06
19.18

33.00
92.79
2.67
1.10
7.60
19.25

40.00
100.00
0.00
40.00
0.00
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 Sląski

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
Cow manure heap
Pig manure heap
Cow manure
Grain yield
Brewing dishwash
Pomace
Fats
Corn silage

Biogas productivity [ln/kg SSO] Methane productivity [ln/kg SSO] Content of methane in biogas, %
486.18
525.24
285.21
211.87
536.97
492.42
1,200.00
576.85

287.15
272.59
158.52
121.33
319.90
252.08
816.00
302.08

59.06
51.90
55.58
57.27
59.58
51.19
68.00
52.37

crude ¿ber 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 agrore¿nery was found to be the mixture of water

and rape oil, remarkable for the highest content of fats
among other applied components.
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Fig. 3. The parameters of TAC and FOS enzymes during the analyzed period

Fig. 4. The biology of methane fermentations of FOS/TAC

and the content of methane therein con¿rmed 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 normal regardless of the substrates used. There was an insigni¿cant 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 insigni¿cant excess of the norm (over 0.3) at stage
II (Fig. 4). It testi¿es to the accumulation of products
during the formation of acids, which is also manifested
by an insigni¿cant 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 insigni¿cant decline of production at stage II, and the pro29
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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 components there was a noted increase of methane in biogas
up to 1 % (Table 5).
These results con¿rm the estimation of biogas ef¿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 WĊglarzy, Skrzyzala [7] determined
that anaerobic fermentation of animal by-products prevents 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 manure pits [8]. The production of biogas in the process of
anaerobic fermentation and its burning in the cogeneration 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
Parameter
Biogas production,
cubic meters
Content of CH4
30

Stages
I

II

III

988228.7

872350.0

973875.9

53.7

53.9

54.9

Raw material of plant production is an important
component of the substrate for agricultural biogas stations, 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 agricultural biogas units. The recovery of milk fermentation 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 components, used in biogas stations. A perfect energetic additive 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 dissociation 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 obtained due to the decomposition of proteins, and biogas productivity is the highest due to the application
AGRICULTURAL SCIENCE AND PRACTICE Vol. 2 No. 3 2015
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of fats. It is possible to maintain a stable level of biogas 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, directly inÀuencing the moisturization of the fermenting
mass. The studies, conducted at the agrobiogas station
of the Experimental Enterprise in Grodziec Sląski, indicate 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 pollution via the reduction of uncontrolled leaks and exhaust
of greenhouse gases. These studies have also been con¿rmed 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 running process the pH value is 7.2–8.0 and its even insigni¿cant 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 fermentation. The fermentation process may be blocked both by
substances, supplied from the outside along with the
substrate, and by the ones, formed inside the fermentation reactor chamber. The temperature of the process is
another signi¿cant 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 ¿nal fermenter (pre-fermenter). The changes in FOS/TAC parameter 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 process 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 sudden changes and gradual introduction of the substrate is
also discussed by Gáodek et al. [13].
Therefore, the studies on the optimization of the process of biogas production while using the substrate of
agricultural and consumer goods production and byproducts 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, obtained 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 reduction of the cost of substrate components due to the limitation of corn silage utilization.
Biogas production increases the pro¿tability taking into account the possibility of obtaining and using the energy for one’s own needs and due to additional income from the sale of energy and “green”
certi¿cates [15].
The material presented does not allow de¿ning clear
optimal daily recipe of the substrate. The study of the
optimization of biogas production using other components, besides silage, should be continued.
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ɝɨɫɩɨɞɚɪɫɶɤɢɯ ɛɿɨɝɚɡɨɜɢɯ ɭɫɬɚɧɨɜɤɚɯ ɡɚɫɬɨɫɨɜɭɸɬɶ ɛɿɨɦɚɫɭ ɡ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɢɯ ɩɨɛɿɱɧɢɯ ɩɪɨɞɭɤɬɿɜ ɬɜɚɪɢɧɧɨɝɨ ɿ ɪɨɫɥɢɧɧɨɝɨ ɩɨɯɨɞɠɟɧɧɹ (ɝɧɿɣ, ɪɿɞɤɢɣ ɝɧɿɣ,
ɫɟɱɚ, ɪɟɲɬɤɢ ɤɨɪɦɿɜ), ɚ ɬɚɤɨɠ ɛɿɨɦɚɫɭ, ɳɨ ɭɬɜɨɪɢɥɚɫɹ ɜ
ɪɟɡɭɥɶɬɚɬɿ ɜɢɪɨɳɭɜɚɧɧɹ ɟɧɟɪɝɟɬɢɱɧɢɯ ɤɭɥɶɬɭɪ, ɿ ɜɿɞɯɨɞɢ
(ɦɚɤɭɯɭ, ɠɨɦ, ɠɢɪɢ ɬɨɳɨ). ɍ ɪɚɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɚɤ ɡɜɚɧɢɯ
ɞɢɮɟɪɟɧɰɿɣɨɜɚɧɢɯ ɪɟɰɟɩɬɭɪ ɧɟɨɛɯɿɞɧɨɸ ɽ ɨɩɬɢɦɿɡɚɰɿɹ
ɩɪɨɰɟɫɭ ɦɟɬɚɧɨɜɨʀ ɮɟɪɦɟɧɬɚɰɿʀ ɞɥɹ ɩɿɞɜɢɳɟɧɧɹ ɜɢɪɨɛɧɢɱɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɩɪɢ ɨɬɪɢɦɚɧɧɿ ɛɿɨɝɚɡɭ, ɚ ɬɚɤɨɠ
ɡɧɢɠɟɧɧɹ ɜɢɬɪɚɬ ɧɚ ɣɨɝɨ ɩɪɨɞɭɤɰɿɸ ɱɟɪɟɡ ɡɚɫɬɨɫɭɜɚɧɧɹ
ɤɨɦɩɨɧɟɧɬɿɜ ɜɿɞɯɨɞɿɜ. Ɋɟɡɭɥɶɬɚɬɢ. ȼɢɤɨɪɢɫɬɚɧɧɹ ɩɨɛɿɱɧɢɯ ɩɪɨɞɭɤɬɿɜ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ ɜɢɪɿɲɭɽ ɩɪɨɛɥɟɦɭ ʀɯɧɶɨɝɨ ɡɛɟɪɿɝɚɧɧɹ ɧɚ ɩɥɢɬɚɯ ɿ ɭ ɜɿɞɤɪɢɬɢɯ ɽɦɧɨɫɬɹɯ, ɳɨ ɡɧɢɠɭɽ ɿɧɜɟɫɬɢɰɿɣɧɿ ɜɢɬɪɚɬɢ, ɩɨɜ’ɹɡɚɧɿ ɡ ɛɭɞɿɜɧɢɰɬɜɨɦ ɭɫɬɚɧɨɜɨɤ ɞɥɹ ʀɯɧɶɨɝɨ ɡɛɟɪɿɝɚɧɧɹ.
ȼɢɫɧɨɜɤɢ. Ɉɤɭɩɧɿɫɬɶ ɨɞɟɪɠɚɧɧɹ ɟɥɟɤɬɪɢɱɧɨʀ ɟɧɟɪɝɿʀ
ɿɡ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨɝɨ ɛɿɨɝɚɡɭ ɡɧɚɱɧɨɸ ɦɿɪɨɸ ɡɚɥɟɠɢɬɶ ɜɿɞ ɜɢɞɭ ɜɢɤɨɪɢɫɬɚɧɨɝɨ ɫɭɛɫɬɪɚɬɭ, ɚ ɬɚɤɨɠ ɜɿɞ
ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɿ ɪɢɧɤɨɜɢɯ ɨɛɭɦɨɜɥɟɧɨɫɬɟɣ.

ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɢɯ ɯɪɚɧɟɧɢɹ. ȼɵɜɨɞɵ. Ɉɤɭɩɚɟɦɨɫɬɶ
ɩɨɥɭɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢɡ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɛɢɨɝɚɡɚ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ ɫɭɛɫɬɪɚɬɚ, ɚ ɬɚɤɠɟ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɪɵɧɨɱɧɵɯ ɨɛɭɫɥɨɜɥɟɧɧɨɫɬɟɣ .
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɣ ɛɢɨɝɚɡ, ɛɢɨɝɚɡɨɜɚɹ ɭɫɬɚɧɨɜɤɚ, ɫɭɛɫɬɪɚɬ, ɛɢɨɦɚɫɫɚ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɦɟɬɚɧɨɜɚɹ ɮɟɪɦɟɧɬɚɰɢɹ, ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ.
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