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Abstract — According to the Energy Strategy of Ukraine for
the period up to 2035, the priority direction of domestic energy
devel opment is renewable energy sources. Biogasis one of the
mosgt promising renewable energy sources, whose potential in
Ukraine is significant. The distribution of biogas plants will
also contribute to the improvement of the ecological situation
in the country. The implementation of a biogas plant at the
yeast production enterprise is shown in the work. The biogas
plant is based on an anaerobic digestion process. The payback
period of the biogas plant is lessthan three years.
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[. Introduction

The new Energy Strategy of Ukraine «Safety, energy
efficiency, competitiveness» for the period up to 2035
was approved by the Government on August 18, 2017.
According to [1], bioenergy is capable of developing at
the fastest pace. Biomass is expected to provide an annual
replacement of 9.2 million tons of fossil fues. These
trends are al so consistent with world experience [2].

The digtribution of biogas plants will also help to
improve the environmental situation. Because, the organic
waste from the food industry, agriculture, woodworking is
one of the most dangerous for the environment.

In paticular, such problems are faced by yeast
companies, one of which is located in L’viv. This
company not only controls most of the Ukrainian yeast
market, but also delivers this product to Europe.

In the process of yeast baking production, the enterprise
produces waste products that reach 2200 m*day. They
accumulate in specially designated places. They are
partialy shipped to specialized enterprises for utilization
or processing.

Wastewater of surface runoff is discharged into local
sewage trestment plants. This is a big problem for both
the company and urban wastewater treatment plants.
Therefore, it is promising to install a biogas plant, which
will clear the production runoff.

Since the installation will produce biogas, it can replace
the natural gas that is used in the technological process of
the enterprise.

Thus, the using of one biogas plant can solve two issues
at once:

* reducing the burden on urban wastewater treatment
facilities;

* replacement of expensive imported gas.

Il. Biological processes of fermentation

The basis of the biogas indallation is the biologica
processes of fermentation and decomposition of organic
subgtances under the influence of methane-forming bacteria
in anaerobic conditions [3]. The anaerobic digestion process
includes the following stages:

hydrolyss — eco-enzymes transform complex molecules
into Smpler, which are better absorbed by bacteria;

acidification (acidogeness) — acidogenic bacteria convert
less formulated molecules into acetic, propane, butyric and
other acids;

acetylation (acetogenesis) — a process in which bacteria
convert propionic and butyric acid into octoic acid
(CH;COOQOH), carbon dioxide (CO,) and hydrogen (Hy);

methane production (methanogenesis) — a process in
which methanogenic bacteria in the course of ther
metabolism convert acetic acid, carbon dioxide (CO,) and
hydrogen (H,) into biogas (CH,) and a smal amount of
biomass.

The aternation of these processes is schematically
depicted in Fig. 1.
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Fig. 1. Alternate processes of anaerobic digestion.

In the process of fermentation, thereis a biogas release
containing 40-70% methane, 30-60% carbon dioxide,
about 1% hydrogen sulfide and a small amount of
nitrogen and hydrogen.

The amount of biogas generated at a temperature of 35-
37° and the average time of retention of raw materia in
the reactor for 10 days, is within 30-70 m® of hiogas per
ton of raw materials per day.

lll. Scheme of biogas installation

Anaerobic fermentation is carried out in a sealed
container (a reactor), usualy cylindrical in the form of a
horizontal or vertical arrangement.

The raw materials for bioreactors are wastewater. The
company had previously installed a reactor for 800 m® of
wastewater per day. It is necessary to install additional
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reactors by 1400 m%day of drainage. Since the
wastewater requires dilution, we choose two vertical type
reactors Biobed EGSB1000 with a working volume is
1000 m°. The expansion scheme of the biogas plant of the
company isshown in Fig. 2.
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Fig. 2. Expansion scheme of the biogas plant of the company.

According to the fermentation mode (mesophilic or
thermophilic) it is necessary condant temperature for
providing efficient fermentation in the reactor. Also it is
necessary to mix the digestible raw materialsregularly.

Typically, heat exchangers are used for heating, where hot
water with temperature 60°C is the heat carrier. Higher
temperature increases a risk of gicking the suspended
particlesto the surface of the heat exchanger.

The mixing can mainly be mechanical girrers, biogas (for
this biogas is passed through the thickness of raw materids)
or pumping raw materials from the upper zone to the bottom.

The scheme of biogas plant operation isshown in Fig. 3.
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Fig. 3. Scheme of biogas plant operation.

Wastewater is formed as a result of the production of
yeast so has a large amount of substances. The main
characteristics of wastewater are concentration of
calcium, nitrates, nitrites, ammonium nitrogen and pH
level (seeTable. 1).

TABLE 1
MAIN COMPOSITION OF MANUFACTURING STOCKS

Composition Amount Dimension
Calcium 760 mg/|
Suspended matter 370 mg/|

Nitrates 11 mg/|

Nitrite 15 mg/|
Ammonium nitrogen 145 mg/|

pH level 542
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These characterigtics are the main, since the preparation
of the wastewater to the bioreactor is tuned reative to
their quantity.

Estimated volumes of biogas in the reactor depend on
the volume of wastewater supplied to the treatment
facilities from the enterprise, and its chemical oxygen
consumption (COC)

COC =V, ynoft COCyqpee (1

where COCge=11.8 xg/m°® — specific chemical consump-
tion of oxygen.
Expected volume of biogas

Vhiogas = COC Xk %)

where k — biomass expansion factor.
According to calculations from 2200 m® of wastewater
production, 11925 m*/day of biogas can be obtained.

V. Economic benefits

Annual biogas production is 11925 m%day, but the
caorific value of biogas is 30% less than that of natural gas.
Hence the equivalent amount of biogas per day isequa

Vekv.biogas = 0'7Vbiogas (3)

Soit is8347 m¥day.

The current price for natural gas is 6.9579 UAH/m®.
However, biogas in its properties is worse than natural
gas. It has a smal amount of harmful impurities, so its
price will be lower than natural gas by 20%

Cekv.bi ogas = O'8Cgas (4)

that is 5.5663 UAH/m®,

Expected annual savingswill be 16.96 million UAH.

A simple payback period for biogas installation is less
than three years.

Conclusion

The biogas plants are a promising direction for the
development of renewable energy in Ukraine.

At the yeast enterprise are offered biogas plant which is
based on an anaerobic process of fermentation and
includes the four stages.

The simple payback period for the implementation of a
biogas plant does not exceed three years.
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