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Abstract. Obtaining record harvests of grain crops in Russia in recent
years has led to a decrease in soil fertility and degradation of agricultural
lands. More than 40 million hectares of arable land require restoration. The
lack of organic raw materials does not contribute to the restoration of soil
fertility, and the manure and manure produced are the main sources of en-
vironmental pollution. The purpose of the work was to develop trends in
the development of technical means for recycling organic waste from agri-
cultural production. The main method for achieving the goal was a system-
atic analysis of literary sources on this topic and the results of the authors'
own research. The results of the recycling of liquid, semi-liquid and solid
manure into concentrated organic fertilizers are given. The main develop-
ment trends: the ability to interact with animal husbandry and crop produc-
tion; transfer of raw materials (organic waste of animal husbandry and crop
production) into a product in the form of high-quality concentrated organic
fertilizers, necessary for the restoration of soil fertility; digitalization of
technological processes for the production of KOU and their differentiated
application to the field by scanning the qualitative composition of nutrients
in the production layer of the soil.

1 Introduction

In the context of globalization of the world economy, the most important task of the
state is to maintain the parity of its food security. At the first stage, it is required to reduce
the import substitution indicator (in the Russian Federation in 2014 it amounted to 38%) to
15-20%, thereby reducing the dependence of industry and agriculture on foreign equipment
and food imports. In the context of many years of application of sanctions by leading for-
eign states against the Russian Federation, domestic manufacturers successfully cope with
the task of supplying leading industries with domestically produced machines and mecha-
nisms.
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Ensuring food security is based on the successful functioning of the basic sectors of the
agro-industrial complex: crop and livestock production. In 2019, a record harvest of grain
crops in the amount of 119 million tons was harvested in the Russian Federation. In 2020, it
is planned to harvest 120.5 million tons of grain crops. Obtaining high yields is accompa-
nied by the removal of significant amounts of nutrients from the soil and, as a result, its
depletion.

Currently, the arable land in the Russian Federation is more than 190 million hectares,
of which about 85% is subject to varying degrees of water and wind erosion, which leads to
an annual shortage of more than 25 million tons of grain. In recent years, about 40 million
hectares of arable land have been removed from the general crop rotation and require sig-
nificant financial costs for their restoration.

One of the main grain-producing regions of the Russian Federation is the Southern Fed-
eral District. In the structure of the lands of the Southern Federal District by categories,
agricultural lands account for 78.4% (33,012 thousand ha).

With regard to the main constituent entity of the Southern Federal District — Rostov re-
gion — in the structure of agricultural land (10,097 thousand hectares) agricultural land is
8512.4 thousand hectares (84.3%), including arable land — 5867 thousand hectares (58.1%)
[1, 2]. In these areas, over the past three decades, the destabilization of the crop industry
has been observed, including in connection with a significant decrease in effective soil fer-
tility due to the use of extensive technologies for the production of crop products [1]. De-
crease in effective soil fertility predetermined their degradation. Of the many reasons for
the increase in the number of degraded areas in the total arable land, the main one is the
deterioration of the structure of the productive soil layer and a decrease in its fertility due to
insufficient application of organic fertilizers, as the basis for the restoration of soil fertility
[3].

The main source of organic fertilizer production is manure from livestock enterprises,
poultry manure, organic waste from crop production. At livestock and poultry enterprises,
depending on the technologies for keeping animals and poultry, liquid, semi-liquid and
bedding manure (dung) is produced.

The existing technologies for recycling these organic waste with their conversion into
high-quality organic fertilizers are ineffective and do not meet environmental requirements
during their storage and further processing into fertilizers. The issues of recycling organic
waste from animal husbandry (poultry farming) are currently not resolved in any country in
the world. Attempts to copy technologies and technical means of processing organic waste
without taking into account the natural and climatic conditions of the regions are fraught
with a violation of the ecological situation in the places of their accumulation and use and
do not give a tangible effect as an organic fertilizer to increase soil fertility [4].

2 Materials and methods.

The economic effect of recycling organic waste can be objectively obtained with a system-
atic approach to the functioning of the crop and livestock industries. The systematic ap-
proach and the systemic analysis based on it in relation to the problems of soil fertility al-
low to study the state and the reasons for its deterioration, to substantiate the tools for im-
proving the situation, to proceed to the development of new technologies and technical
means to solve the problem. The main crop production is the cultivation of grain crops and
row crops, vegetables, etc. The quality and quantity of products grown depends on the state
of soil fertility and the technologies used for their production. The main livestock products
are milk, meat, wool, etc. Manure produced at livestock and poultry enterprises in the legis-
lative framework of the Russian Federation is defined as waste of IV and V hazard classes
[4]. According to the Ministry of Natural Resources of Russia, manure, droppings and other
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organic substances and materials formed in animal husbandry as a result of keeping farm
animals and are products of the latter's life, after their disinfection in accordance with sani-
tary rules, as well as organic fertilizers produced on their basis, can be sold as products if
the following conditions are met:

— in the presence of statutory, design, technological and other documentation that allows
to classify manure, droppings, other organic substances formed at the enterprise as a result
of economic activities, to products;

— in the presence of developed and approved technical conditions for fertilizers based on
manure, droppings, other organic substances, which take into account state and industry
standards, sanitary and hygienic standards and rules, environmental requirements, as well
as in the presence of technological regulations for manure, droppings, organic substances
and materials;

— when reflecting in the economic, accounting records of the enterprise operations with
the specified manure, dung, other organic substances and materials as operations with
products.

Therefore, if the above requirements are met, manure produced at livestock enterprises
can be considered a product. The implementation of the requirements for the transfer of
waste (manure) into a product (organic fertilizer) requires the improvement of technical
means for recycling organic waste [4—6]. The current state of development of technical
means for recycling organic waste was carried out on the basis of a systematic analysis of
literature sources and the authors' own research.

In the production of livestock products abroad, special attention is paid to reducing
emissions of ammonia and other gases into the atmosphere. In the Netherlands, pollution
abatement is being tested in small pilot farms [7]. Similar experiments are being carried out
in Denmark, where systems for evaluating the use of protein in cattle feed and their influ-
ence on the release of ammonia are additionally investigated [8]. Considerable attention is
paid to the research of multistage purifiers to reduce emissions of harmful substances at pig
breeding enterprises [9]. In European countries, studies are underway to remove groups of
microorganisms that reduce ammonia emissions at poultry farms [10]. The most effective
direction is the recycling of organic waste from livestock and poultry farming into organic
fertilizers, both independently and together with organic waste from plant growing (straw,
not the grain part of other crops).

3 Results

The increase in the number of animals and poultry has led to the accumulation of large vol-
umes of manure and droppings, the places of accumulation of which pose a threat to the
surrounding flora and fauna, due to the fact that there is a large amount of pathogenic mi-
croflora in fresh manure and poultry [3, 11]. Scientists of the former USSR and foreign
specialists in the 70s-80s of the XX century actively developed technologies for processing
all types of manure and dung into organic fertilizers and technical means for their imple-
mentation. With regard to large livestock and poultry enterprises producing liquid manure
and droppings, technologies for mechanical separation into solid and liquid fractions have
been developed, followed by the production of solid and liquid organic fertilizers on their
basis. When processing semi-liquid manure and droppings, preference was given to com-
post production technologies using various moisture absorbers (straw, peat, etc.). Litter
manure, as a rule, was processed according to the traditional technology: accumulation,
bumping, periodic overburden, application to the field.

Figure 1 shows a technological scheme for the recycling of liquid organic waste based
on liquid manure.
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Fig. 1. Process flow diagram of liquid manure recycling

Liquid manure is accumulated in lagoons, where it is biothermal disinfected for a set of
keeping it for 12 months. After that, liquid organic fertilizer is applied to the field, as a rule,
for forage crops with doses up to 400 m3 / ha. For pumping liquid manure and applying
liquid organic fertilizers, it is necessary to increase the reliability of the operation of pump-
ing stations and pumping equipment [12, 13]. Efficient operation of pumping stations for
pumping liquid manure is ensured by local mixing it at the point of intake by the pump us-
ing a device that converts wind energy into mechanical energy, thereby mixing layers of
manure in a limited volume, bringing the mixture to a homogeneous state. The proposed
device is a Savonius wind turbine with a vertical axis of rotation, located on a floating plat-
form. The wind, acting on the blades, rotates a vertical shaft with rows of blades immersed
in the manure. The blades in the process of rotation provide the lifting of liquid manure
from the lower layers upwards, providing mixing of the upper (crust), middle (liquid) and
lower (sediment) layers until a homogeneous state. The device operates at a wind speed of
more than 3 m/ s, which is observed at any latitude and at any time of the year.

The separation of manure into solid and liquid fractions and their subsequent use as sol-
id and liquid organic fertilizers is promising. Filtering and settling centrifuges, vibration
filters, vibrating screens, arc screens, filter presses and other equipment are used as me-
chanical separators [3, 14, 15].

The solid fraction is formed into piles for further biothermal disinfection. To accelerate
the process of biothermal disinfection, it is necessary to perform three main operations.
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Operation 1. Burts must be formed strictly orienting from east to west. In this case, al-
most the entire surface of the piles is uniformly illuminated by the sun during its full ob-
served passage through the celestial sphere during daylight hours. At the same time, the
slopes of the shoulder are covered with a black dye chemically passive pigment, which, due
to thermal solar energy, which in the middle latitudes of Russia has a flow rate of up to 0.8
kW / m2 in summer, and up to 0.5 kW / m2 in winter, allows you to heat the surface of the
shoulder, commensurate with the surface of an absolutely black body, to a temperature of
34 to 72 ° C. The method promotes heating of the collar from the outside, and also provides
a decrease in heat loss through the collar surface. The pile heated to 65-70 ° C is kept in the
specified parameters for up to 96 hours (4 days), after which the disinfection of manure is
considered complete.

Operation 2. Provides for the use of biologically active additives (BAA), which not only
improve the quality of the produced organic fertilizers, but also contribute in a short time
(after 1.5-2.0 hours in the summer and 3.0-4.5 hours in winter) to heat the manure pile,
thereby accelerating the process of its biothermal disinfection. The dietary supplement is
introduced with a dose of 0.5% of the mass of processed heap [3]. The use of dietary sup-
plements accelerates the transformation of manure into organic fertilizer, and in terms of
the content of humus, nitrogen, phosphorus and potassium converts them into the category
of concentrated organic fertilizers (COF), which in terms of the content of organic matter
are significantly superior to traditional organic fertilizers. The application rate of COF is
from 1 to 4 t / ha, while traditional solid organic fertilizers are applied at doses from 40 to
60t/ ha.

Operation 3. The effect of the use of dietary supplements depends on the quality of their
distribution over the volume of the pile. For this purpose, as a rule, foreign-made refuellers
are used (in Russia, their production has not yet been established). To control the process of
biothermal disinfection of the manure pile, a device is proposed that, in a dynamic mode,
allows one to determine the physical and mechanical parameters (heating temperature, hu-
midity at control points) that affect the process of preparation of the COF.

The basic machine for the implementation of this operation is a self-propelled turner of
collars of the SVB brand (made in Germany, China and other countries). The self-propelled
turner (re-turner) is additionally equipped with a device for feeding liquid dietary supple-
ments into the manure mass and with devices for controlling the manure processing pro-
cess. Simultaneously with the formation of the pile, dietary supplements are introduced.
After 4-6 hours, the temperature and moisture content of the manure is measured at the be-
ginning, middle and end of the pile with simultaneous mixing of the manure mass (Figure
2).
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Fig. 2. Diagram of the process of controlling the maturation of the manure heap

The device works as follows. The self-propelled collar turner approaches control point A at
the beginning of the collar, the edge of which is determined by means of a laser beam emit-
ted by a laser diode. The on-board computer, located in the operator's cab, gives a signal to
turn on the electric motor in the scan frame-lowering mode. After the limit switch of the
lower position of the frame is triggered, the on-board computer starts the program for poll-
ing the temperature and humidity sensors. After saving the obtained values of temperature
and humidity, these parameters are coordinated through the GlobalPositionningSistem sat-
ellite communication system and remain in the memory of the on-board computer. After
lifting, the sensors, the agitator moves to the next point, control point C. The process ends
by scanning the parameters at point C.

When the temperature at the control points is less than 65 © C and the humidity is more
than 70%, the measurement process is repeated after 8 hours with simultaneous mixing of
the pile. Measurements of these indicators are repeated every 8 hours until stable tempera-
ture values of more than 65 ° C and humidity of less than 70% are achieved. After that,
after 24 hours, the disinfection process is considered complete and the resulting solid COF
is ready for application to the field.

Figure 3 shows a scheme for recycling semi-liquid and solid manure as solid organic
fertilizers.

It is advisable to compost the semi-liquid manure produced at livestock enterprises with
a moisture content of 86—92% with a desiccant material (in the south of Russia it is straw).
Composting allows you to get solid organic fertilizers according to the technologies de-
scribed above when processing solid fraction of manure. With the introduction of dietary
supplements, it is possible to produce solid COF in the same way as in the processing of
bedding manure [3].
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Trends in the development of technical means for recycling organic waste (see Fig. 1, 3)
provide for the improvement of their working bodies, taking into account the differentiated
application of organic fertilizers within the boundaries of the whole field. Studies carried
out by Russian scientists have shown that within the boundaries of one field (the area of
fields in the Southern Federal District is 80-100 hectares), fluctuations in nitrogen, phos-
phorus and potassium in the topsoil are up to 300% [16], that is, in some areas of the field
there is a significant over-excess of certain components, while others are not enough. To
level the soil fertility, it is necessary to take a cartogram of the field according to the con-
tent of nutrients in the production layer of the soil and the availability of technical means
for selectively applying the required types and doses of fertilizers. Leveling of soil fertility
contributes to obtaining stable yields of grain crops and, most importantly, trouble-free op-
eration of combines during their harvesting due to the presence of a homogeneous mass of
harvested plants along the entire path of the combine.

The task of differentiated fertilization is solved by mapping the variable chemical com-
position of the fields and, based on these maps, with the help of precise driving of field
units applying fertilizers, the latter, using control using GPS, GLONASS systems, fertiliz-
ers are applied to the soil in adequate quantities. This is a cumbersome and low-precision
technology. The proposed technology consists in the determination of nutrients in the soil
using special gas laser analyzers (scanners) installed in the front of the fertilizer application.
The obtained data are entered into the on-board computer of the tractor. In real time, on the
basis of commands from the onboard computer, the required doses of fertilizers are intro-
duced, taking into account the quantization step [16].

It should also be noted that there are many other technologies for recycling organic
waste, such as the production of biogas by means of biogas plants on an industrial scale [3,
15] and for small volumes in the far north [17-18]. Technologies for processing organic raw
materials by vermicomposting are actively cultivated in Russia and European countries [19-
21]. The resulting product - vermicompost - is in demand in the production of organic
products.

Many researches of scientists in the development of machines for recycling organic raw
materials are aimed at reducing energy consumption and metal consumption [3, 22-23].
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4 Discussion

The considered technologies for recycling organic waste from agricultural production pro-
vide for the availability and development of technical means for their implementation.
Fresh organic waste, having in its composition the nutrients and trace elements necessary
for plants, pose a direct threat to the environment due to the presence in them of a large
amount of pathogenic microflora. On the other hand, the decrease in soil fertility is due to
the lack of organic fertilizers. Reducing the negative impact of manure on the environment
is possible with the use of modern achievements of agrarian science and related sectors of
the national economy: application of technologies for accelerated composting of semi-
liquid and solid manure using dietary supplements; separation of liquid manure, solid and
liquid fractions and their separate processing using dietary supplements. All this makes it
possible to obtain solid and liquid concentrated organic fertilizers, which are applied to the
field at doses from 1 to 4 t/ha. The introduction of traditional solid and liquid organic ferti-
lizers with recommended doses (solid - 40-60 t/ha, liquid - up to 400 m3 / ha) is not eco-
nomically justified, since the resulting increase in yield does not cover the costs of their
production and application.

The basic technical means for the implementation of these technologies are:

1. Low-energy devices for local mixing of liquid manure at the points of its intake by
pumping units, based on the use of wind energy (Savonius principle).

2. Collar turner with devices for introducing liquid biologically active additives with simul-
taneous mixing, control of the main parameters of the heap ripening to obtain solid concen-
trated organic fertilizers.

3. In organic farming systems, an important role is assigned to the leveling of soil fertility
in the boundaries of the whole field by means of differentiated fertilization. For this, an
improved system is being developed for scanning nutrients in the topsoil by means of gas-
laser analyzers installed in the front of the tractor, accumulating information in the on-
board computer of the tractor. By sending a command by a computer to the actuating
mechanisms of the spreading device, the latter in certain areas of the field apply the re-
quired doses and types of fertilizers.

It can be seen from the presented material that the development of technical means for
recycling organic waste in the agricultural sector makes it possible to distinguish three main
trends:

— the ability to interact with livestock and crop production. The connecting link of the in-
dustries is the soil, as the main source of food for the population and for animal feed;

— conversion of raw materials (organic waste from animal husbandry and crop production)
into a product in the form of high-quality concentrated organic fertilizers necessary to re-
store soil fertility;

— digitalization of technological processes for the production of COF and their differentiat-
ed application to the field by scanning the qualitative composition of nutrients in the pro-
duction layer of soil.

5 Conclusions

The presented directions for the development of technical means for recycling organic
waste in the agricultural sector allow organizing waste-free production of livestock and
crop products, increasing their profitability by leveling soil fertility, thereby guaranteeing
the economic stability of enterprises and environmental safety in places of accumulation of
raw materials. The main trends in the development of technical means are in the effective
interaction of animal husbandry and crop production, the transfer of organic waste into a
product, digitalization of technological processes and machines for their implementation
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using modern technologies for collecting information and processing it and applying it in
the processes under consideration.
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