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MODERN TECHNOLOGIES FOR PROCESSING LIVESTOCK
MANURE AND POULTRY LITTER INTO HIGH-QUALITY
FERTILIZERS

Summary. The article analyzes the state of modern technologies for
processing manure from livestock enterprises and poultry manure into
concentrated fertilizers. It was revealed that in most cases there are no
systems for the accumulation and processing of excrement in the poultry and
livestock farms of the Zaporizhzhia region. The purpose of the research work
was an in-depth review of modern technologies for processing various
fractions of manure from livestock enterprises and poultry manure into
concentrated fertilizers. The advantages of technologies for accelerated
composting of various manure fractions into concentrated organic compost
with the addition of a biologically active a-additive and the use of straw are
determined. The technical methods of implementing excrement processing
technologies are considered. The most modern technologies for the
production of concentrated fertilizers from poultry manure, acceptable for
use in the Zaporizhzhia region, are vacuum drying and granulation.

Key words: technology, solid manure, liquid manure, poultry litter,
concentrated fertilizer, vacuum drying, granulation.

Formulation of the problem. In connection with the growth of crisis
phenomena in the world, the catalysts of which were the unstable political
situation, the state must first of all address the issues of food security. The
basic structure of Ukraine for food production is the agro-industrial complex,
because its infrastructure ensures the production and processing of grain,
meat, milk, eggs, etc. [1, 2].

The protracted reorganization of the agro-industrial complex does not
contribute to the positive development of the sectors of crop production,
animal husbandry and agriculture in general. The lack of balance in the
structures of the agro-industrial complex in animal husbandry and crop
production has created two main problems: a decrease in soil fertility
associated with insufficient application of organic fertilizers and
environmental pollution by large-scale dumps of organic waste from animal
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husbandry and poultry farming (animal excrement, droppings, urine, and
manure) [3, 4].

Zaporizhzhia region has an area of arable land of more than 1903
thousand hectares, an area treated with organic fertilizers for agricultural
crops in 2021 amounted to 79,7 thousand hectares, which is only 4,2 % of
the total area [5]. Shortage of the required amount of organic fertilizers in
crop production is one of the most important reasons for the decline in soil
fertility.

The reason for the introduction of small doses of organic fertilizers is
their high price on the market, the complexity of the operation, not always
satisfactory quality, the lack of effective technologies for processing
livestock manure and poultry litter into high-quality concentrated fertilizers
and technical means for their sale [6].

The solution of this problem will allow not only to process the manure
of livestock enterprises and poultry litter into high-quality concentrated
fertilizers, but also to increase the profitability of growing crops. The
introduction of organic fertilizer into the soil can significantly increase the
amount of the crop.

Analysis of previous research. The scientific works of many foreign
scientists are devoted to the improvement of existing and the development
of fundamentally new technologies for processing livestock manure and
poultry litter (Wilson D. G., Malofeev V. 1., Sommer S. G. [7], Shafeeva A.
F., Christensen M. L. [7], Mogilevtsev V. 1., Whiting D. [8],
Bryukhanov A. Yu., Maksimov D. A., Vasiliev E. V., Mazur Z. [9],
Afanasyev A. V., Golubev I. G., Shvanska I. A., Mishurov N. P. [10],
Kachanova L. S. [4, 11]) , as well as Ukrainian scientists (Linnyk M. K.,
Senchuk M. M., Zakharenko M. O., Yaremchuk O. S., Shevchenko L. V.,
Polyakovsky V. M., Zhuravel S. V., Kravchuk M. M., Kropyvnytskyi R. B.
[12, 13]). According to experts, the main requirement for an organic fertilizer
prepared for use is the absence of invasive pathogens, infectious diseases,
and viable weed seeds [14]. Today, the methods of processing livestock
manure and poultry litter, which disrupt the normal course of physiological
processes in microorganisms due to various biological, physical, or chemical
influences, have received the greatest development [11, 13, 15]. The main
factors determining the guaranteed decontamination of manure are the
temperature and exposure time [3, 4]. At the same time, modern technologies
for preparing poultry litter and livestock manure for use are currently being
actively used in practice, which, in addition to maintaining the required
temperature regime, provide a reduction in the processing time (express
composting, vacuum drying etc.)

Formulation of the aim of work. The purpose of the research is to
analyze innovative technologies for processing liquid, semi-liquid and solid
manure and poultry litter into high-quality concentrated fertilizers of
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livestock farms in the Zaporizhzhia region.

The main part. An analysis of the state of animal husbandry in the
Zaporizhzhia region showed a significant decrease in the number of cattle
and pigs (Fig. 1, 2).
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Figure 1. Dynamics of changes in the number of livestock animals in
the Zaporizhzhia region from 2002 to 2021
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Figure 2. Dynamics of changes in the number of poultry in the
Zaporizhzhia region from 2002 to 2021

From the data presented, it can be seen that the rate of decline in the
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number of cattle has noticeably decreased, and in order to restore and
increase the number of livestock, it is necessary to revise the infrastructure
of the herd and increase its profitability. The pig breeding industry in the
Zaporizhzhia region remains more stable with some reduction in livestock at
large agricultural facilities. The drop in livestock is associated with an
epidemic (swine flu, African swine fever, etc.). Poultry breeding looks more
stable against the background of animal husbandry.

Livestock enterprises produce liquid manure, semi-liquid and solid
manure. In 2020, the volume of manure production in the Zaporizhzhia
region amounted to more than 64,12 thousand tons, approximately in the
following proportions: liquid manure — 28 %, semi-liquid manure — 30 %
and solid manure — 42 % [16]. The main producers of liquid and semi-liquid
manure are pig and poultry enterprises, and solid (litter) manure — cattle
farms and dairy farms.

Today, 90 % of livestock enterprises in the Zaporizhzhia region do not
have systems for the accumulation and processing of manure that meet the
methodological recommendations for the technological design of systems
for the removal and preparation for use of livestock manure and poultry litter
[3, 17].

The inconsistencies are as follows. Sites for storage of solid manure
(field storage) are, as a rule, not buried, have earth embankments and a
complete absence of a solid waterproofing coating. For the storage of semi-
liquid and liquid manure, semi-recessed sectional-type manure storages with
an earthen collapse without a solid waterproofing coating are used. At some
cattle and pig farms, attempts to lay waterproofing films lead to their
swelling due to the accumulation of ammonia under them, which poses a
danger to service personnel and significantly reduces the amount of manure.
There is no control and management of the processes of its disinfection
during the storage of manure of any consistency, which is dangerous for the
environment in places of its accumulation.

Fertilization of land should be carried out with organic fertilizers made
on the basis of livestock manure and poultry litter in order to increase crop
yields and improve soil fertility. The value of organic fertilizers is
determined by their nutrient content. The application rates and timing of
organic fertilizers are usually set based on the amount of nutrients they
contain and depend on soil conditions; adopted crop rotations; crop patterns;
planned crop yields.

The application of organic fertilizers in Ukraine is somewhat different
from the standards of European countries. The use of organic fertilizers in
Belgium is closely related to the quality of groundwater, which satisfies more
than 67 % of drinking water needs in the country [8, 9]. The task is to have
a concentration of nitrates within 25 mg/1, phosphorus — 0,4 mg/I.

There are no special laws on the use of organic fertilizers in the UK,
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and their application is subject to the general requirements of the following
laws: on the fight against pollution (Control of pollution); about water (water
law); on environmental protection [8, 9]. The use of organic fertilizers in
France is subject to the requirements of the law on environmental protection
(Installations classes pour la protection de L'Environment). Manure storages
should be located no closer than 50 m from wells, streams and other sources
of water. The volumes of manure storages should be large enough to
accommodate manure from the farm for at least 6 months [8, 9].

An analysis of the processing of liquid and semi-liquid manure at
livestock enterprises in the Zaporizhzhia region showed that its distribution
into fractions is practically not used anywhere, and technologies for
composting manure with straw are also quite often used. At the same time,
semi-liquid manure, after natural removal of moisture, is loaded into vehicles
and applied to the nearest (with a radius of 1-10 km) fields by machines for
applying solid organic fertilizers at a dosage of 40-60 t/ha with a low quality
of distribution over the field. Liquid manure from the manure storage is
loaded by pumps into machines of the MZhT type (for applying liquid
organic fertilizers), which apply it to the field with doses of 70-90 m */ ha,
or are fed through pipelines to the fields with doses up to 200-300 m 3/ ha.

Figure 3 shows the technologies for the production of high-quality
concentrated organic fertilizers [18]. The technology for processing solid and
semi-liquid manure with a lower moisture limit (up to 90 %) by accelerated
composting into solid concentrated fertilizers is as follows.

A biologically active additive (a-additive) in the amount of 5 % of the
processed manure mass is supplied to the manure of a given humidity,
formed into a pile. As a result of active mixing, the additive is evenly
distributed over the volume of manure and activates the process of heating
it, resulting in biothermal disinfection of the pus mixture, and after 7-10 days
(depending on the ambient temperature), the resulting solid concentrated
fertilizer is ready for use. The concentrated fertilizer has a structure in the
form of lumps, density — 0,6-0,8 t/m’, humidity — 50-60 %.

The main machine in this technology is the self-propelled compost
turner. When applying this technology, a German-made Backhus 16.30
compost turner was used. It is convenient to use such a machine both in open
and closed areas (Fig. 4). The mixing interval of the a-additive from manure
is after 8-12 hours. within 3-4 days (in summer) [4, 18].

The technology for processing semi-liquid manure with an upper
limiting moisture content of more than 90 % and liquid manure into liquid
concentrated organic fertilizer is as follows. Semi-liquid and liquid manure
or liquid fraction after mechanical separation by pumps are fed into the
solution unit, which is storage tanks with fecal pumps and systems for
supplying a-additives, a system for hydraulic mixing of the mixture and its
subsequent unloading into a transport and technological machine.
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Figure 3. Production technologies of high-quality concentrated organic
fertilizers (COF)

a) open paice b) indoor playground
Figure 4. The production process of solid concentrated organic
fertilizers

An a-additive (in liquid or solid form) in the amount of 5% of the
incoming manure is fed into a container filled with 2/3 of the volume with
manure. These components are mixed hydraulically for 40 min, forming a
liquid concentrated fertilizer [4]. The liquid concentrated organic fertilizer is
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pumped to the transport-technological machine and then taken out to the
field.

The technology for the production of concentrated organic compost
based on liquid and semi-liquid manure, straw with the addition of an a-
additive is one of the modern technologies for the production of high-quality
concentrated fertilizers [18, 19]. Additional use in the process of preparation
of the non-grain part of crops (straw) is the main advantage of this
technology. It allows you to increase the volume of the resulting
concentrated compost by 25 % and improve the ecological situation in the
places of accumulation of manure through its processing and the use of straw
as an alternative to burning.

The technological process for the production of concentrated organic
compost proceeds in the following way. Liquid concentrated fertilizer is
loaded by pumps into the transport-technological machine and fed to manure
composting.

A transport and technological machine of a special design, made on the
basis of liquid organic fertilizer spreaders of the RZhT type, an excellent
feature of which is the presence of an unloading auger, a metering valve and
a rotary type spreading device. Body capacity of 8 m ? is aggregated with a
tractor of the 3rd class, the power consumption of the drive of the working
bodies is up to 33 kW.

Usually, the composting site is located in the field near the stack of
straw. A mobile mixer of compost components of an improved design is
located on the site, based on body spreaders of solid organic fertilizers of the
PRT type [18, 19].

The pile of compost on the site is periodically, after about 12 hours,
mixed with a pile turner Backhus 16.30 (Fig. 4), which contributes to its
accelerated composting.

The above technologies were implemented in dairy farms with a
livestock of 1,25 thousand heads, an annual yield of semi-liquid manure of
more than 17,4 thousand tons and bedding manure of more than 6,8 thousand
tons [4].

The profitability of barley processing with the use of solid concentrated
organic fertilizers increased by 2,49 % compared to the support technology
and amounted to 58,10 %, the profitability of barley processing using liquid
concentrated fertilizers against the support technology increased by 22,72 %
and amounted to 78,33 %. [4]. The feasibility of wheat cultivation using
solid concentrated organic fertilizers increased by 20,03 % compared to the
reference technology and amounted to 54,51 %, the profitability of wheat
cultivation using liquid concentrated fertilizers increased by 57,51 %
compared to the reference technology and amounted to 91. 99 % [4].

Modern technologies for processing manure into concentrated
fertilizers can be implemented in the following farms of the Zaporizhzhia
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region: OJSC «Plemzavod "Stepnoy"» — 2,5 thousand head of cattle
(Zapovitne village, Vasylivsky District); Agricultural Production
Cooperative «Rosiya» — up to 600 head of cattle (Velika Bilozerka village,
Vasylivsky District); LLC «Tatex-SPF» — up to 500 head of cattle (Myrne
village, Orihiv District); SFG «Leader» — up to 100 head of cattle
(Novopetrivka village, Zaporizhzhia district); Private Enterprise
«Moguchiy» — up to 100 heads of cattle (Yasne village, Melitopol district),
because the listed farms are characterized by plant and animal direction of
development.

With the cage keeping of poultry, poultry litter comes from poultry
houses. The concentration of nitrogen, phosphorus and potassium in such
poultry litter is three times higher than that of cattle manure. Poultry farms
are not allowed to accumulate poultry litter in the fields in accordance with
sanitary and environmental requirements [17, 19].

However, for various objective and subjective reasons, many poultry
farms often face a dangerous environmental situation due to the lack of
simple technologies that would include the preparation of poultry litter for
use as a concentrated organic fertilizer to improve soil fertility.

Today, poultry litter, as a valuable organic raw material, have not lost
their importance for improving soil fertility and increasing crop yields. We
have to admit that the poultry litter coming from the poultry houses to the
storage facilities has a high humidity. 80-96 %, and it becomes
technologically impossible and economically unprofitable to use it as an
organic component in the production of composts [13].

Among the numerous proposals with various economic justifications
for processing poultry litter into biogas, electricity, fuel briquettes, feed
additives, cultivation of California worms, incineration, fertilizer production,
etc., the most acceptable for implementation is the production of
concentrated fertilizers.

The production of concentrated fertilizers can be implemented using
several modern technologies, each of which is equipped with appropriate
machines, units and other technological equipment. There are the following
methods for the production of concentrated poultry litter based fertilizers.

Passive composting is one of the simplest methods, including obtaining
organic mixtures (poultry litter + poultry litter with bedding, poultry litter +
peat, poultry litter + sawdust, poultry litter + other local organic waste). The
organic mixture is formed in a stack a little over 2,5 meters high. After 6—8
months of storage on field sites, the mixture matures, creating favorable
conditions for the growth and development of mesophilic and thermophilic
microorganisms, resulting in the formation of compost [3].

Intensive composting is used when the finished concentrated organic
fertilizer is planned to be sold through retail. The essence of this method is
to load the organic mixture into special fermenters, in which the maturation
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process takes 6—7 days, because air is injected into their lower part, which
sharply intensifies the growth and development of mesophilic and
thermophilic microorganisms [8].

Granulation of poultry litter is a fairly common technology for
processing bird waste products [20]. As a result of the process, a compressed
granule 1s obtained, which contains macro and microelements in the optimal
amount. Granulation consists in forcing a paste-like mass of low-moisture
poultry litter through the perforated holes of the matrix with their subsequent
cooling (and possibly drying) of the granules [20]. This technology uses
modern granulators with a ring die type OGM-1,5 (capacity 2000 kg/h,
power 70 kW) and flat dies: GRAND 400 (capacity 450 kg/h, power 37 kW),
OGP 260 (capacity 300 kg /h, power 11 kW), Pelletnik-260 (capacity 250
kg/h, power 15 kW). Such valuable concentrated fertilizers are used for any
kind of plants and soil. The granules are readily soluble and contain many
nutrients that are well absorbed by plants [20].

Thermal drying of poultry litter in special installations can be
implemented in poultry farms where birds are kept in cage batteries, on large
farms, when there is a shortage of a constant supply of organic components
for composting: peat, sawdust, etc. [10, 21].

Vacuum drying for poultry farms is a new modern technology for
processing poultry litter into concentrated fertilizers. The technology can be
used to eliminate long-term accumulations of poultry litter in the production
of dry poultry litter coming from cell batteries [10, 22]. The cost of obtaining
dry litter will be the lower, the lower the moisture content of the litter mass.

The drying line for this technology includes the use of the principle of
multi-stage processing of poultry litter: mechanical separation of the liquid
from the droppings (centrifugation, filtration, squeezing, and so on),
evaporation and spraying. It should be noted that the production of vacuum
dryers is based on a continuous, environmentally friendly one-stage
technological process of drying in vacuum, which makes it possible to
process poultry litter at economical temperatures with the preservation of
useful fertilizer chemical elements in organic fertilizer [10].

The initial product for processing enters the vacuum dryer through the
receiving hopper (Fig. 5). The product is supplied by the loading system in
volumes that are strictly coordinated with the productivity of the equipment
[22].

During the drying process, poultry litter move through the heat
exchangers with the help of conveyors. When the processed raw material is
heated, it boils in the temperature range from 40 to 90 °C and pressure from
30 to 250 mm Hg. Art. and separation into 3 components (dry matter,
condensate, gas). After processing liquid poultry litter, a dry powder is
obtained, and waste water (condensate) is sent to treatment facilities for
cleaning and disinfection. Further, dry poultry litter enters the collection of
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finished products. After that, the finished product is unloaded in a continuous
mode by a screw conveyor and fed to the granulation line. After granulation,
the concentrated fertilizer is fed to the packaging line, where it is packaged
in bags with a capacity of 50 L [10]. The production workshop for vacuum
drying of poultry tte must be located in the industrial area.

Figure 5. Vacuum Dryer VacuumEcoDry

Vacuum drying equipment with a capacity of 300 kW is capable of
processing up to 100 tons of poultry litter with a maximum moisture content
of up to 99 % per day, as a result of which the mass of poultry litter is reduced
to 17,6 tons and a moisture content of about 14 %. The operating temperature
of the vacuum drying process is 50-90°C [10].

Qualitative indicators of poultry litter obtained after vacuum drying
prove that the new type of product at a moisture content of 19,31 % contains
organic matter 60,73 %, nitrogen — 4,30 %, phosphorus — 2,18 %, potassium
— 1,09 %. The results obtained indicate the high quality of the contained
organic fertilizer [22].

A comprehensive assessment of the production technological line for
vacuum drying of poultry poultry litter showed that this method of industrial
processing of poultry litter can be used in poultry farms of the Zaporizhzhia
region of egg and meat directions of different capacities. Vacuum drying is
recommended for implementation by poultry farms with poultry cages.

Conclusions. The use of technologies for processing manure from
livestock enterprises by the method of accelerated composting makes it
possible to obtain high-quality solid and liquid concentrated fertilizers.
Modern drying and granulation of poultry litter makes it possible to obtain a
powdered and structured concentrated fertilizer, which is three times higher
than that of cattle manure. Of course, when these technologies are launched,
the farms will incur the material, technical and financial costs necessary to
organize production for the processing of organic raw materials into
concentrated fertilizers. But in addition to the real economic effect, reliable
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environmental well-being will be ensured on farms due to the absence of a
source of environmental pollution, and crop farms will be able to increase
crop yields by increasing soil fertility. The use of concentrated organic
fertilizers is expedient, it helps to increase productivity and reduce the cost

of cultivating crops at an accelerated pace.
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A. C. Komap
TaBpilicbkuii AepkaBHUI arPOTEXHOJIOTiYHUI YHiBepCcUTeT
imeni Imutpa MoTopHoro

CYYACHI TEXHOJIOT'Ti NEPEPOBKH 'HOIO TA MOCJIIY B
KOHHEHTPOBAHI 1OBPUBA

Anomauin

VY crarTi NpoBEJEHO aHalli3 CTaHy Cy4aCcHUX TEXHOJIOTiH MepepoOKH THOMO
TBAapUHHUIILKUX MIJIPUEMCTB Ta MOCHIAY NTaxo(adpuK B KOHLEHTPOBaHI J00puBa.
BusiBneHo, 1o Ha TBApUHHUIBKUX Ta NTaXiBHUIBKUX TOCIOAApPCTBaX 3aropi3bKoi
o0nacTi 34e01bIIOr0 BIJICYTHI CUCTEMHU HAaKOIMYEHHS Ta NepepoOKU EKCKPEMEHTIB, 110
BIJITIOBIJAalOTh HOPMaM IPOEKTYBAaHHS CUCTEM BUAAJIECHHS 1 MITOTOBKU /IO BUKOPUCTaHHS
THOIO Ta Mociay. MeToro 10CiKeHb cTaB NOrMOIEeHUH OIS TEXHOJIOT1H nepepooKku
pi3HMX (pakuii THON TBAapUMHHULBKUX MIANPUEMCTB 1 HOcHigy nrTaxopadOpuk y
KOHIIEHTPOBaHi 100pHUBa Cy4yaCHUMHU MeToaMu. Po3riisiHyTi TeXHI4HI 3ac00u peaizanii
TEXHOJOTIH nepepoOku eKckpeMmeHTiB. I[IpuOyTkoBicTb O0OpOOITKY SlUMEHIO 13
3aCTOCYBaHHSAM TBEPAUX KOHIIEHTPOBAHUX OPraHiYHUX JOOPUB Y MOPIBHAHHI 3 OTIOPHOIO
TEXHOJIOTI€0 MmiaBuImiIack Ha 2,49 %, 13 3aCTOCyBaHHSM PIAKHUX KOHIIEHTPOBAHUX
no6puB — Ha 22,72 %. JlouinbHICTh OOpOOITKY MIIEHMIN 13 3aCTOCYBAaHHSAM TBEPAUX
KOHIEHTPOBAaHUX OPraHIYHUX JOOPUB y MOPIBHSAHHI 3 ONIOPHOIO TEXHOJIOTIEIO 3pOciia Ha
20,03 %, 13 3acToCyBaHHSAM PIJIKUX KOHLEHTPOBAaHUX N0OpuB — Ha 57,51 %. TexHomoris
BUPOOHUIITBA KOHIIEHTPOBAHOTO KOMIIOCTY JO3BOJIE€ 30UIBIIUTH OOCSATH OTPUMAHOTO
no6puBa Ha 25 % Ta MOKPAIIUTH €KOJIOTIYHY 0OCTaHOBKY B MICLSIX HAKOIIMUEHHS THOIO
3a paxyHOK HOTO MepepoOKH 13 3aCTOCYBaHHSM COJIOMHU. 3aBJSIKA TPaHYJTFOBAHHIO
IPOAYKTIB JKUTTETISUIBHOCTI NTaxiB, MpH iX KIITKOBOMY YTPHUMaHHI, OTPUMYEMO
TpaHyJIH 3 ONTUMAIFHOIO KOHIEHTPAIII€I0 KUTHKOCTI TIOXHBHUX PEYOBUH JJISI POCIIVH.
['panynboBaHe KOHIIEHTPOBaHE TOOPHBO aOCOIIOTHO HETOKCHYHE, JIETKO PO3UMHSETHCS
y BOJI, a TaKOX 30epirae KOPUCHI XIMi4HI BIACTHBOCTI HaBITh MPU TPUBAJIOMY KOHTAKTI
3 MOBITPSIM 1 HE BTpaydae CBOET MEPBICHOT (POPMU MPOTATOM YChOTO TEPMiHY 30epiraHHs.
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OO6agHaHHs 71 BAaKYyMHOTO CYIIIHHS NTAIIMHOTO TOCTiAy 31aTHe 00podutu 10 100 T
CUpOBUHU BoJjoricTio 99 % Ha 100y, B pe3ysbTaTli 4Oro Maca IMOCHiTy 3MEHIIUTHCS

Maifke B IIICTh pa3iB Bij MOYATKOBOI.
Knrouoei cnosa: TexHooris, TBepAUi THIHN, piIKUHN THIH, TOCIiI, KOHIICHTPOBAHE

100pYBO, BAKYyMHE CYIIIHHS, TPaHyJIIOBaHHS.
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