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Abstract. Along with the development of environmental friendly technologies, an increasing
interest in generating the electricity and heat from renewable sources has been observed in Poland.
Perfect example of such installations are agricultural biogas plants, where methane fermentation
produces high-energy gas fuel i.e. biogas. Before investing, it is necessary to perform a detailed
studies of the biogas efficiency of the substrates used. The proper run of fermentation process, as
well as the high biogas production related to the operation, depend on many factors, including the
mixing inside the reactor. The DIN 38 414-S8 standard, commonly used in the tests, assumes the
mixing of the whole eudiometric sets, used in accredited laboratory units, which due to their
uniform construction may cause problems. The aim of the study was to determine the effect of
laboratory mixing in the fermentation reactor on the biogas efficiency of the maize straw. The
experiment tests were performed in the Laboratory of Ecotechnologies, in the Poznan, in accordance
with the current standard DIN 38 414-S8.The obtained research results confirmed the effect of
mixing inside the fermentation reactors on the biogas efficiency of the maize straw.

1Introduction producers of agricultural biogas, as of 25.07.2017, there

are 95 agricultural biogas plants in Poland [13].
Constant increase in demand for electricity, heat and However, anticipate that with the development of
fossil fuels results primarily from intensive development renewable energy sources new installations will be
of civilization in the last century and the observed developed and produced using agricultural biogas [14].
increase in the population of the world. These factors Biogas is included in the group of renewable energy
also cause a noticeable increase in environment pollution sources [15]. For many years, intensive methane
[1]. Bearing in mind these unfavourable changes, the use fermentation and the use of biomass and its
of mnew technologies for the production of decomposition products in the industry have been carried
environmentally friendly energy becomes more out worldwide [1, 8, 16, 17, 19, 20]. The efficiency of
important [2, 3]. During the ongoing energy crisis, the the fermentation process depends on many process
use of alternative energy sources such as hydrogen or factors such as temperature [16], pH [20], C/N ratio [21,
methane seems to be the most advantageous solution [4, 22], hydraulic retention time (HRT) [21] and reactor
5]. organic load rate (OLR) [23].

Currently, it is believed that the most significant However, one of the equally important factors
contribution to the production of unconventional fuels is affecting the final yield of biogas is the mixing of the
likely to be substrates with relatively low purchase costs, contents of the fermentation reactors [24, 25]. DIN 38
which are waste from agriculture and the agro-food 414-S8 standard is commonly used for the biogas
industry [6-8]. These materials can be easily used in substrate tests [26-28]. This standard takes into account
composting and methane fermentation [2, 9, 10] and the mixing of the eugenic sets by careful movement of
methane fermentation [11]. It should be noted that the circular motions [29, 37]. These sets are used by
Poland is a country with a high potential for energy from many accredited laboratory units. Unfortunately, due to
agricultural biogas [7, 12]. Unfortunately, this potential the uniform construction, mixing of their contents can be

is not fully exploited. According to the register of
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difficult, which can significantly affect the final result of
the biogas and methane yields.

A possible solution is to use sets equipped with a
mechanical mixing system or reactors to allow accurate
manual mixing, with an independent gas storage system.
The first solution is mainly used in fermentation stations
used in continuous process studies [24, 30, 36]. An
additional problem may be the gas seal introduced into
the inside of the mixer, which prevents oxygen from
entering the reactor. In this case, it is important to use
fermentation kits equipped with an independent gas
storage system and the possibility of free manual mixing
of the contents take place. Such stations were
constructed in the Department of Environmental
Engineering at the Institute of Biosystems Engineering at
Poznan University of Life Sciences (Figure 1).

Fig. 1.The biofermenter for biogas production research in
Laboratory of Ecotechnology at Poznan University of Life
Sciences.

The aim of the study was to determine the effect
of laboratory mixing in the fermentation reactor on the
biogas efficiency of the maize straw.

2 Materials and methodology

2.1 Analysis of basic parameters

The analyses of basic physicochemical parameters of the
substrates and inoculum were conducted according to
Polish standards: dry matter (PN-75 C-04616/01), dry
organic matter (PN-Z-15011-3) and pH (PN 90 C-
04540/01). These parameters enabled the selection of
appropriate proportions of fermentation mixtures and
subsequent calculation of the biogas efficiency
calculated on Mg of fresh matter, dry matter and dry
organic matter of the substrate.

2.2 Biogas efficiency

The research tests on methane efficiency of the
substrates in batch culture technology were carried out in
the Laboratory of Ecotechnologies at the Institute of
Biosystems Engineering at the Poznan University of Life
Sciences on basis of internal procedures, based on

adapted standards: DIN 38 414-S8 and VDI 4630,
commonly used in Europe. Detailed methodology of
performed research was presented by Cieslik et al. [26].
The tested material was maize straw, which obtained
from Przybroda Agricultural-Orchard Experimental
Farm belonging to the Poznan University of Life
Sciences (PULS). The fermentative inoculum was
separated liquid fraction (after dry mass separator) taken
from operating agricultural biogas plant in Dzialyn
(Poland). After sampling from dig estate tank, Inoculum
was storing in anaerobic conditions in room temperature.

To determine the effect of stirring of fermentation
reactors on the biogas yield of corn straw, the individual
reactors were subjected to circular stirring at different
intervals: daily, twice a week (Monday and Thursday)
and without mixing throughout the experiment.

3 Result and discussion

3.1 Physical and chemical parameters

In the first stage of the experiment, basic
physicochemical parameters of the substrate and two
grains were analysed, the results of which are presented
in Table 1. These parameters were necessary to
determine the appropriate fermentation mixtures and
subsequent calculations of the biogas yield

Table 1. Physical and chemical parameters of maize straw and

inoculum.
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Maize 9.66 1.41 77.80 89.78

straw

Incoulum 7.87 13.10 2.91 70.04

The incubation used in the experiment was characterized
by organic matter in fresh weight of about 2.1%. The
total solids and volatile total solids content of maize
straw used in the experiment were 77.80% FM and
89.78% T8, respectively.

3.2 Daily dynamic of methane production

Figure 2 shows the dynamics of methane production in
fermentation reactors. During the process, differences in
the dynamics of gas production were observed, which
were influenced by the mixing frequency of the reactors.
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Fig. 2. Daily dynamic of methane production from reactors.

During the mesophilic fermentation, two distinct gas
production peaks were observed. They were recorded on
the 3rd and 8th day of the trial. The local peaks of biogas
production are primarily due to the complex construction
of the test material, since the simple sugars are converted
to biogas faster than proteins or fat [26]. What is worth
noting is the intensity of production peaks of gas in
reactors that was mixed twice a week. This means that
mixing of the fermentation reactor affects the change in
the daily dynamics of gas production. In addition,
shortening the total digestion time of the substrate in the
case of daily mixing of the contents of the reactor was
observed. This phenomenon may be due to the accurate
distribution of fermentation microbes throughout the
volume of the liquid, and consequently the potential for
the formation of bacterial consortia.

3.3 Biogas and methane efficiency of the
substrate

The following table 2. shows the biogas yield and
methane concentration in biogas from the tested methane
fermented substrates under mesophilic conditions.

Table 2. The biogas and methane efficiency.

Fresh matter Volatile Solids

Sample
Methane percent
[Yo]
Cumulated methane
[m*-Mg"! FM]
Cumulated biogas
[m*-Mg"! FM]
Cumulated methane
[m*-Mg! VS]
Cumulated biogas
[m*-Mg! VS]

Daily 1 5094 | 207.75 | 407.81
mixing

297.43 | 583.85

Twice a
week 50.24
mixing

196.50 | 391.10 | 281.33 | 559.93

Without | 5 o5 | 18626 | 372.17 | 266.66 | 532.83
mixing

In process of mesophilic fermentation of maize straw
mixed every day, (as converted to Mg of fresh mass of
substrate) 407.81 m’ of biogas with average methane
content of 50.94% was produced (table 2). However, in
the case of corn straw mixed twice a week and without
mixing, the yields of biogas and methane production
were significantly lower by 16.71 m’-Mg' FM and
11.24 m*Mg"' FM and 35.64 m’-Mg"' FM and 21.49
m’-Mg™" FM respectively.

The results of the studies made so far confirmed that
the mixing of the fermented tank influences the efficient
production of biogas [31-34]. In the absence of mixing
the fermentation substance, the formation of layers on
the surface of the fermentation mixture can be observed.
Mass containing methanogenic bacteria is deposited in
the lower part of the tank due to higher density. On the
other hand, the decayed substrate collects in its upper
layer. [35]. However, it should be borne in mind that
excessive mixing of the contents of the fermentation
reactor can also adversely affect microorganisms [24,
30].

4 Conclusions

1. The studies have confirmed the effect of mixing in
the fermentation reactor to increase the production of
biogas and biomethane.

2. Mixing in the fermentation reactor contributes to
shortening the digestion time of the substrate.

3. Lower biogas yields due to lack of mixing of reactors
during testing may have a significant impact on the
estimation of the economic viability of the planned
industrial scale investment.
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