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The use of biogas plants has a positive agrotechnical result. Thanks to the
use of biofertilizers, as a result of the processing of these plants, soil fertility is
restored, which in the future will have a positive effect on productivity. However,
despite the positive effects of anaerobic treatment of manure in biogas reactors, a
serious obstacle to their use in agriculture is their relatively low energy efficiency
during biogas production (up to 60% of the released biogas is used by the plant
for its own needs) [1]. At the same time, the heat contained in the effluent is an
additional energy reserve, which should be used whenever possible to heat the
loaded substrate and compensate for heat losses in the reactor [2].

If substrate moisture content of 90-95% is processed, then anaerobic
fermentation in this case is an energy-intensive process. At the same time, a
significant amount of biogas energy is consumed. Analyzes of energy
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consumption to support the process show that the main part of it is spent on
heating the substrate to the fermentation temperature [2].

Increasing the energy efficiency of energy generation systems based on the
anaerobic treatment of livestock waste is an important aspect that can make these
systems more productive and economically viable. The main methods of
increasing energy efficiency are optimization of the anaerobic process,
modernization of technological systems and integration with other energy
sources.

Methods of increasing the energy efficiency of energy generation systems
based on anaerobic treatment of livestock waste [3]:

- additive to processed waste of high-energy substrates (grain, silage, clover
mixture, etc.);

- direct heat energy recovery (substrate/effluent);

- thermal energy recovery using thermotransformers;

- additive to processed waste of high-energy substrates;

- preliminary aerobic heating of the substrate

Direct heat energy recovery. Spiral heat exchangers of the «influent-
effluent» type are usually used as heat exchange devices. However, schemes in
which the influent passes through the effluent accumulator have a simpler design
solution, but in these cases a relatively small part of the energy is used again due
to losses in the sludge accumulator.

The disadvantages of this technology are that livestock (poultry) organic
waste, as a rule, has significant stickiness, viscosity and is very diverse in its
dispersed composition. Therefore, the speed of movement of the substrate should
be at least 3-5 m/s, due to which the heat of the effluent does not have time to be
transferred to the substrate loaded into the methane tank.

Recovery of thermal energy using thermotransformers. It helps reduce
energy consumption and CO; emissions, which helps to improve the
environmental sustainability of processes and reduce heating and production
costs. The main drawback of this technical solution is the formation of deposits
on the heat exchange surfaces from the manure, which leads to significant losses
of thermal power or the need for a significant increase in expensive heat exchange
surfaces. Another disadvantage is the low intensity of the main processes that
determine the productivity of the technological line «receiving tank - bioreactor -
settling tank».

Preliminary aerobic heating of the substrate. During the aerobic
decomposition of organic substances, a significant amount of heat is generated,
which, under certain conditions, can raise the temperature of the substrate to 70°C.
Since this heat energy comes from the same substances that remove biogas, the
two-stage fermentation process, which consists of an aerobic phase to produce
heat and an anaerobic phase to produce gas, is always associated with less gas. In
addition, aerobic fermentation (or composting) [2] is possible without additional
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energy costs (except for preparation) only in the presence of solid and moist
organic material with a porous structure that promotes gas exchange [3]. On the
contrary, liquid substrates require large amounts of energy to provide air with
simultaneous intensive mixing, and this, in turn, negatively affects the overall
energy balance. Additional costs, both for energy and funds, also increase
significantly in this case [4].

Considering the optimization of biogas production processes, one can focus
on several key aspects [2,3]:

1) development of new technologies and methods for optimization of the
entire process of biogas production - improvement of the design of bioreactors,
optimization of fermentation processes, improvement of control and automation
systems, as well as implementation of intelligent monitoring and control systems.

2) effective management of heat and mass flows inside the bioreactor to
ensure optimal fermentation conditions — introduction of sophisticated heat
exchange systems, temperature and humidity control, as well as optimization of
substrate and air supply modes.

3) research and development of methods of using various substrates for
biogas production - the use of agricultural waste, sewage, organic waste, as well
as specially grown energy crops.

4) the use of energy-efficient equipment and technologies to reduce energy
consumption in the process of biogas production - the use of highly efficient
compressors, pumps and heat exchangers, as well as the introduction of energy-
saving systems and the use of renewable energy sources.

5) the use of mathematical modeling and optimization methods for the
analysis and improvement of biogas production processes will allow predicting
the effectiveness of various management strategies and determining the optimal
parameters of the system.

Possible ways to increase the efficiency of energy generation and the
overall operation of the system:

1) automation of grinding and mixing. Installation of high-performance
shredders and homogenizers for uniform preparation of waste.

2) dosed supply of raw materials with density and viscosity sensors for
uniform supply of the substrate to the fermenter.

3) heat treatment will help reduce pathogens and promote a quick start of
fermentation.

4) automatic temperature control systems. Installation of sensitive
temperature sensors with automatic control of heating or cooling to maintain a
stable temperature (optimally 35-38°C for mesophilic mode).

5) use of insulating materials for fermenters to minimize heat loss.

6) the use of heat exchangers, which will use heat from waste streams, can
significantly improve energy efficiency.
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7) complex biogas purification systems. Membrane filters, adsorption units
based on activated carbon or zeolites can significantly improve the quality of
biogas.

8) use of moisture traps and cooling columns to reduce humidity in biogas.

9) automated gas monitoring systems that monitor the concentration of
impurities in real time and allow for prompt correction of the cleaning process.

10) use of residual heat utilization systems for heating fermenters or other
parts of the technological process.

11) integration of heat pumps allows efficient use of low-potential heat
from spent streams for substrate heating or heating.

12) using solar collectors to heat water or substrate can reduce energy costs,
especially in warm regions.

13) use of anti-corrosion materials (stainless steel or special coatings) in the
most corrosion-prone system elements.

14) optimizing the design of filters to remove hydrogen sulfide and
moisture traps will help minimize the impact of aggressive substances.

The use of means of increasing the energy efficiency of biogas plants will
allow to significantly expand the scope of their application in the agricultural
industry in the treatment of organic waste of various composition, however, the
decision to use one or another method should be made based on the specific
conditions of the agricultural enterprise.
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