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Abstract: This study investigates an integrated technological complex for the effective utilization of livestock
and poultry waste through combined anaerobic digestion, organo-mineral fertilizer production, and compost-
ing processes. The main objective of the research is to develop a resource-efficient and environmentally sus-
tainable system capable of converting organic waste into valuable energy and agricultural products.

The proposed system consists of three interconnected modules: an anaerobic digestion unit for biogas produc-
tion, a digestate processing module for the production of organo-mineral fertilizers through enrichment and
granulation, and a composting module based on a controlled biofermentation process. A key technical feature
of the system is the separation of hydrolysis and methanogenesis stages, which improves process stability and
prevents acid accumulation in the bioreactor.

The results of the study show that the implemented technological approach ensures stable biogas production
and yields high-quality fertilizers with improved agronomic properties. The obtained products are character-
ized by enhanced nutrient availability, including plant-accessible nitrogen, phosphorus, and potassium, as well
as improved soil-conditioning effects. The composting process further contributes to the production of hy-
gienic, odor-free organic material with reduced pathogen content.

The proposed technological complex demonstrates significant environmental and economic benefits by reduc-
ing agricultural waste accumulation, lowering environmental pollution risks, and enabling the recovery of re-
newable energy and valuable fertilizers. Overall, the system supports sustainable agricultural development and
contributes to the transition toward a circular bioeconomy model. The presented technological approach
contributes to sustainable agricultural development by reducing environmental pollution, enabling ef-
ficient resource recovery, and improving the environmental and economic efficiency of livestock waste
management.

Keywords: livestock waste, anaerobic digestion, biogas, organo-mineral fertilizers, composting, sustainable
agriculture.

Introduction: well as raw materials, materials, air, water, and
One of the directions of economic development  other resources used for technological purposes.
of society is the advancement of resource-saving ~ They include the use of secondary resources,
technologies. Such technologies ensure the pro-  waste utilization, energy recovery, and closed
duction of goods with the lowest possible con-  water-supply systems. These technologies make
sumption of fuel and other energy sources, as
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it possible to conserve natural resources and pre-
vent environmental pollution.

Proper management of agricultural waste is a
global and important issue in our world. The
problem of disposing waste from livestock com-
plexes is especially urgent and remains unre-
solved in some regions of the world [2].

Currently, large amounts of manure and litter
accumulate around many livestock and poultry
enterprises. With proper waste-utilization solu-
tions, these materials can generate additional
profit and simultaneously transform farms into
nearly waste-free operations. However, for now,
the operation of large livestock and poultry
farms poses a threat to the environmental well-
being of surrounding areas (animal manure and
poultry litter contain large amounts of hazardous
substances such as NH3, H,S, etc.) due to the ab-
sence of organized systems for processing or-
ganic waste [3,6]. At the same time, manure and
poultry litter are valuable organic fertilizers, as
they contain all essential nutrients for plants in a
favorable balance. Therefore, finding effective
technological solutions for processing livestock
waste and obtaining useful energy and products
is a highly relevant task today.

At present, the issue of utilizing production
and consumption waste generated at livestock
enterprises, as well as the preparation and pro-
cessing of the huge volumes of manure and ma-
nure effluents produced at these complexes —
which are potential sources of anthropogenic en-
vironmental impact — is particularly pressing.

One of the most critical aspects of the envi-
ronmental pollution problem caused by waste
from large industrial-type livestock and poultry
farms is the contamination of surface and
groundwater.

When wastewater enters natural water bod-
ies, infectious agents can be carried by river cur-
rents for distances of up to 200 km. Consump-
tion of water from such sources leads to gastro-
intestinal and other illnesses in humans and ani-
mals [5,9].

In addition to polluting water sources, this
waste also affects soils. Therefore, in areas in-
fluenced by livestock production facilities, sani-
tary and hygienic soil assessments must be con-
ducted to ensure their disinfection and remedia-
tion.
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Objective

The main objective of this study is to develop
and analyze an integrated technological complex
for the efficient processing of livestock and
poultry waste through anaerobic digestion, com-
posting, and organo-mineral fertilizer produc-
tion. The study aims to evaluate the environmen-
tal and economic benefits of converting organic
waste into valuable resources such as biogas and
high-quality fertilizers, as well as to assess the
effectiveness of the proposed multi-module sys-
tem in reducing environmental pollution and im-
proving resource recovery efficiency.

Experimental Methodology
The anaerobic digestion module for produc-
ing biogas is represented by the following tech-
nological scheme: waste accumulator — hydroly-
sis unit — bioreactor (fermenter) — biogas purifi-
cation system — gas holder.

The distinctive feature of the anaerobic diges-
tion plant is that the hydrolysis unit is separated
from the bioreactor. Agricultural waste is di-
rected into the accumulator and then into the hy-
drolysis unit, which is located outside the fer-
menter—bioreactor. In the hydrolysis unit, the
hydrolysis process takes place—oxidation under
the action of hydrolytic bacteria with the for-
mation of fatty acids. Then the fermentable mass
enters the fermenter—bioreactor, where the meth-
anogenic bacteria process the fatty acids, pro-
ducing biogas [7].

Such a division of the biogas plant into two
blocks is due to the fact that hydrolytic bacteria
represent highly resistant microorganisms that
reproduce very rapidly in nutrient media. It is
normal for their population to double within a
few hours. Anaerobic (methane-producing) bac-
teria reproduce much more slowly. If hydrolytic
bacteria receive a large amount of nutrient sub-
strate, they produce such a quantity of fatty acids
that anaerobic bacteria cannot process them in
time. This leads to the acidification of the fer-
menter contents, a drop in pH, and, in critical
cases, the breakdown of the entire process [9].

The fertilizer obtained in liquid form can be
applied to soil, dried and granulated, or bri-
quetted if necessary. When mixed in specific
proportions with various components, it can be
used to produce composts, soil mixes for green-
houses, etc. [1,2].
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We propose including in the technological
complex a module for producing high-quality
fertilizers by enriching the sludge obtained from
methanogenesis followed by fertilizer granula-
tion.

The use of these fertilizers ensures an in-
crease in crop yield from 20 to 350% depending
on the crop. At the same time, the need for min-
eral fertilizers (which can be completely re-
placed) and pesticides decreases, allowing agri-
cultural production to become more economi-
cally efficient and enabling the cultivation of en-
vironmentally clean food products with im-
proved consumer properties [3,4].

Compared to traditionally used manure, the
resulting fertilizer is fully disinfected, free of
weed seeds, and odorless.

Nitrogen (N) contained in the raw material is
almost entirely preserved in the fertilizer in am-
monium form, which is more accessible for plant
root systems. The utilization rate reaches 80%,
compared to 30% for fresh manure.

Phosphorus (P) is present in the form of phos-
phates and nucleoproteins, which are better ab-
sorbed by plants than the salts of mineral ferti-
lizers.

Potassium (K) in these compounds is fully
available to plants.

Under the influence of the microbiological
cultures contained in the fertilizers, humus ma-
terials are formed in the soil, improving soil
quality characteristics such as aeration, infiltra-
tion, and water-retention capacity. The fertilizer
has a complex effect on both plants and soil. The
absorption of nutrients by plants increases sig-
nificantly. The unabsorbed residues represent
organic substances containing live microflora,
which continue to decompose organic matter, fa-
cilitating humus formation and increasing soil
fertility. The use of such fertilizer is economi-
cally very profitable [5,6].

The second module of the complex represents
a technology for Producing Organomineral Fer-
tilizers (Fig. 1).

Based on a literature analysis, a technological
scheme has been proposed for the preparation
and granulation of organomineral fertilizers ob-
tained from bioreactor sludge.

The fertilizer production technology includes
the following stages:

Raw materials are delivered by a loader and
unloaded into a mechanized warehouse with a
“moving floor” (1).
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Figure 1 — Technology of producing organo—mineral fertilizers
1-Movable floor, 2-Chain conveyor, 3-Separator, 4-Drying unit, 5S-Heat generator, 6-Pipe,
7-Fuel bunker, 8-Settling cyclone, 9-Storage bunker, 10-Granulator bunker, 11-Press—granulator,
12-Pellet cooler, 13-Sorter, 14 -Finished product line, 15-Cyclone, 16 -Finished product bunker,
17-Electronic scales, 18-Weighing of finished products

The stokers of the moving floor are equipped
with a hydraulic drive and perform reciprocating
movements under its action. The blades of the
stokers have a wedge-shaped design, so as the
stokers move, the raw material is fed toward the
chain conveyor (2) at a controlled feed rate.
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From there, the raw material is transported to the
disc separator (3).

In the separator, stones and impurities are re-
moved from the raw material and discharged
into a portable container, while the cleaned raw
material flows by gravity into the loading sec-
tion of the drying—grinding unit (4). Combustion
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products from the heat generator (5) and cold at-
mospheric air drawn through the emergency ig-
nition pipe (6) are also supplied here.

Next, the heat carrier mixes with the moist
raw material and is drawn into the drying—grind-
ing unit (4). Inside the unit, the material is
ground and then dried, rising with the heat car-
rier flow toward the dynamic classifier located
in the head section of the drying—grinding unit.

The ground and dried material (from this
point referred to as “meal”) is drawn into the set-
tling cyclone (8) due to the vacuum created by
the exhaust fan. In the cyclone, the meal settles
under centrifugal force and moves downward.

From the cyclone, the meal is discharged
through an airlock valve into a screw or chain
conveyor (9) and then transferred to the granula-
tor hopper (10).

Inside the hopper, there is a device preventing
the meal from caking. From the hopper, the meal
is fed by a screw feeder at a controlled rate into
the mixer (conditioning chamber) of the press,
where water (or steam) is also supplied. In the
mixer, the product is conditioned meaning its
moisture content is adjusted to the level required
for granulation. From the mixer, the moistened
meal passes through a ferromagnetic separator
and enters the pellet press (11). In the pressing
chamber, the meal is pulled between the rotating
die and pressing rollers and forced through the
radial holes of the die, where the high pressure
forms the pellets. The pellets emerging from the
holes hit a stationary knife, which cuts them to
size. The cut pellets fall downward and are dis-
charged from the press through the housing out-
let chute [7].

The pellets exiting the press have a high tem-
perature and low mechanical strength, so they

are transported via a bucket elevator (12) to the
cooling column (13). Here, air is drawn through
the layer of pellets by the cyclone fan (16), cool-
ing the pellets and simultaneously removing
some unpelletized meal into the cyclone. During
cooling, the pellet moisture decreases due to
evaporation, and physical-chemical transfor-
mations occur. As a result, the pellets acquire the
required hardness, moisture level, and tempera-
ture. From the cooling column, as it fills, the pel-
lets are discharged to the screening unit (14),
where standard-quality pellets are separated
from fines.

The pellets are discharged through the outlet
chute and fed to the finished-product bucket el-
evator (15), while the fines are extracted into the
cyclone (16) and then directed, together with the
meal, back for re-pelleting. Using the finished-
product elevator, the pellets are transported to
the finished-product hopper (17). Beneath this
hopper are electronic scales (18), and hooks for
hanging bags are mounted on the hopper sup-
ports. Filled bags are transported to the finished-
product warehouse using a loader or a hydraulic
pallet truck.

Composting Module: The third module of the
technological complex we are developing is the
compost production module. Based on a patent
search, we have proposed the design of a com-
poster—biofermenter.

The biofermenter is a rectangular structure
made of brick, reinforced concrete, or other con-
struction materials. It is equipped with a forced-
air supply system that delivers air into the fer-
menting mixture. The unit operates in a batch
(periodic) mode [10].

Figure 2 — Technology of compost production
1-Raw material fermentation chamber, 2-Working mixture, 3-Gate / door, 4-Natural ventilation
fan, 5-Exhaust (extract) fan, 6-Natural air duct system, 7-Temperature measurement opening, 8-Oxyge-
nometer rod, 9-Flexible hose, 10-Oxygen meter
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To intensify the composting process, the use of
bioactive additives is proposed. Specialized biologi-
cal additives may contain EM-preparations, en-
zymes, microorganisms isolated from compost, or
specially selected strains—decomposers of cellulose,
lignin, proteins, and other biopolymers. Additives
based on native compost microflora can be obtained
using the method of enrichment culture on composta-
ble substrates, for example, in devices with forced
mixing and aeration. The resulting “starter culture”
is introduced into the main compost mass. This
method can be used to accelerate composting and to
detoxify materials contaminated with xenobiotics
(pesticides, petroleum products, etc.). A reduction in
composting duration is also possible when compost
is irrigated with a water extract from finished com-
post.

In addition, we propose including in the techno-
logical complex a module for producing high-quality
fertilizers by enriching the sludge obtained from the
methanogenesis process, followed by granulation of
the fertilizers. Literature analysis has shown that the
use of such fertilizers ensures an increase in crop
yield from 20% to 350% for various crops [8].

The novelty of the work lies in the development
of the idea of automating the process of preliminary
sorting of raw materials and choosing a waste-pro-
cessing technology (methanogenesis or composting),
as well as in the development of scientifically
grounded approaches to mixing the resulting product
with other organic components and obtaining new
modifications of organo-mineral fertilizer com-
plexes. Additional schemes for obtaining organo-
mineral complexes based on the use of EM technol-
ogies and the implementation of NPV biodeodoriza-
tion processes have been proposed.

The acquisition of additional resources—fertiliz-
ers and biogas—during the waste-processing activi-
ties of a livestock complex will offset processing
costs and allow the generation of additional profit.

Thus, the proposed technological complex will
reduce the anthropogenic impact of agricultural
waste on the environment and will make it possible
to obtain additional resources that increase its envi-
ronmental and economic efficiency.

Conclusion

This study demonstrates that an integrated tech-
nological system combining anaerobic digestion,
composting, and organo-mineral fertilizer produc-
tion provides an efficient and environmentally sus-
tainable solution for livestock and poultry waste
management.

The separation of hydrolysis and met anogenesis
stages improves process stability, reduces the risk of
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acidification, and ensures more reliable and continu-
ous biogas production.

The proposed system enables the conversion of
organic waste into valuable energy and agricultural
products. The obtained digestate has high agronomic
value, as nitrogen is mainly present in plant-available
ammonium form, phosphorus is converted into bioa-
vailable compounds, and potassium remains fully ac-
cessible for plant uptake. These characteristics sig-
nificantly improve soil fertility, enhance humus for-
mation, and increase agricultural productivity.

The composting module further improves the
overall process by ensuring additional stabilization
and hygienization of organic residues. The final com-
post product is characterized by low pathogen con-
tent, absence of unpleasant odors, and improved soil-
conditioning properties, thereby reducing environ-
mental risks such as soil degradation, water contam-
ination, and air pollution.

From an economic perspective, the proposed
technological complex provides dual benefits
through renewable energy production in the form of
biogas and the generation of marketable organic fer-
tilizers. This reduces dependence on mineral fertiliz-
ers and improves the overall economic efficiency of
agricultural enterprises, supporting the principles of
a circular bioeconomy.

Furthermore, the novelty of the study lies in the
development of an automated approach for prelimi-
nary sorting of raw materials and the selection of the
most appropriate waste treatment technology (meth-
anogenesis or composting) based on substrate char-
acteristics. The study also proposes scientifically
grounded methods for blending the resulting prod-
ucts with additional organic components to develop
new modified organo-mineral fertilizer formulations.

In addition, new technological schemes based on
EM (Effective Microorganisms) technologies and bi-
odeodorization processes have been introduced.
These innovations enhance process efficiency, im-
prove product quality, and reduce the environmental
impact of waste treatment.

The analysis of the three proposed modules shows
that the anaerobic digestion module ensures stable
biogas production and process reliability. The ferti-
lizer production module provides high-value prod-
ucts rich in plant-available nutrients. The composting
module enables the production of a stabilized, hy-
gienically safe organic material that improves soil
structure and quality.

Overall, the proposed system significantly re-
duces the anthropogenic impact of agricultural waste
on the environment while simultaneously improving
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both ecological and economic efficiency through ef-
fective resource recovery and waste valorization
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HEYVANDARLIQ TULLANTILARININ FAYDALI ENERJi VO GUBROLORIN ISTEHSALI iLO
ISTIFADOSI
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Xiilasa: Bu todqiqat heyvandarliq ve qusculuq tosorriifatlarinda yaranan tullantilarin anaerob pargalanma, or-
ganomineral giibralorin istehsali vo kompostlagdirma proseslarinin birlogdirilmis totbiqi asasinda somarali uti-
lizasiyasi {iglin inteqrasiya olunmus texnoloji kompleksin islonmosini aragdirir. Todqiqatin osas magsadi iizvi
tullantilarin enerji vo kond tasarriifat1 ti¢iin doyorli mohsullara ¢evrilmasini tomin edon resurs effektiv vo
ekoloji baximdan dayaniqli sistemin yaradilmasidir.

Toklif olunan sistem ii¢ asas moduldan ibaratdir: biogaz istehsali ii¢lin anaerob pargalanma qurgusu, fermen-
tasiya qaliginin zonginlosdirilmasi vo qranulyasiyasi yolu ilo orqanomineral giibralorin hazirlanmasi modulu
vo nozarat olunan biofermentasiya prosesine osaslanan kompostlasdirma modulu. Sistem daxilinds hidroloz
va metanogenez marhalalarinin ayrilmasi texnoloji sabitliyi artirir vo reaktorda tursulagmanin garsisini alir.
Tadqiqat naticalari gostarir ki, tatbiq olunan texnoloji yanagma sabit biogaz istehsalini tomin edir va yiiksok
aqronomik gostaricilora malik giibrolorin alinmasina imkan yaradir. Alinan mohsullar bitkilor ii¢lin sl¢atan
formada azot, fosfor vo kaliumla zongin olmagla yanasi, torpagin strukturunu yaxsilagdiran xiisusiyyatlora
malikdir. Kompostlagdirma prosesi isa patogenlorin azaldildigi, qoxusuz va sanitariya baximindan tahliikasiz
iizvi materialin aldo olunmasini tomin edir.

Toklif olunan kompleks kond tosarriifat: tullantilarinin otraf miihito monfi tasirini azaldir, ¢irklonms risklarini
minimuma endirir vo barpa olunan enerji ilo yanasi qiymotli giibrolorin aldo olunmasina sorait yaradir. Umu-
milikds sistem dayaniqli kand tesarriifatinin inkisafina vo dairavi bioiqtisadiyyat modelino kegids tohfs verir.
Taqdim olunan texnoloji yanagma otraf miihitin ¢irklonmasinin azaldilmasi, resurslardan samaorali istifadonin
tomin edilmasi vo heyvandarliq tullantilarinin idars olunmasinin ekoloji va iqtisadi somaraliliyinin artirtlmast
vasitasilo davamli kand tesarriifatinin inkisafina t6hfs verir.

Agar so6zlor: heyvandarliq tullantilar1, anaerob parcalanma, biogaz, orqanomineral giibralor, kompostlagdirma,
dayaniqli kond tosorriifati.
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IMpodeccop Cadbupa UCMANJIOBA
AszepOaiipkaHCKUI TOCYJapCTBEHHBIA YHUBEPCUTET HEPTH U MMPOMBIIIJICHHOCTH
Kadenpa «XumMust 1 TEXHOIOTHSI HEOPraHUIECKUX BEILIECTBY
E-mail: sabira.ismayilova@yahoo.com

Hapmun MYXTAPOBA
Maructpanr, AzepOaiiykKaHCKHiT TOCYTapCTBEHHBI YHUBEPCUTET HEPTH M MPOMBITTUICHHOCTH
Kadenpa «Xumust 1 TEXHOTOTHS HEOPTaHNYECKUX BEIIIECTBY
E-mail: narminn.mukhtarova@gmail.com

Pe3rome: JlanHOE Mccaeq0BaHUE MTOCBSIICHO pa3pabOTKe HHTEITPUPOBAHHOIO TEXHOIOTUYECKOTO0 KOMILUIEKCa
s 5 PeKTHBHON YTHIU3AIMK OTXOI0B )KUBOTHOBOJICTBA M IITHIIEBOJICTBA HA OCHOBE COUETAHUS MIPOLIECCOB
aHadpoOHOTO COpaKUBaHUs, MMPOU3BOJICTBA OPraHOMUHEPAILHBIX yIOOPEHUH U KOMIOCTHpoBaHusl. OCHOB-
HOM 1eJIhI0 PabOTHI SIBIISIETCS CO3/ITaHUE PECYPCOCOEPETaIOIIei 1 SKOJIOTHIECKH YCTOWIMBON CUCTEMBI, 00ec-
NeYnBaroIeil mpeobpasoBaHre OPraHNUECKUX OTXOIO0B B IIEHHBIE SHEPIETUIECKUE U arpapHbIe IPOAYKTHI.
IIpennaraemas cucTeMa COCTOMT U3 TPEX OCHOBHBIX MOJYJIEH: YCTAaHOBKH aHapOOHOTO COpa)XKMBaHMS AT
MOJTy4eHus1 brorasa, MOLyJIsl mepepabOTKH JUrecTaTa ¢ Lelbl0 HOITy4YeHUs] OPraHOMHUHEPAIbHBIX YA0OpeHU
myTéM oOoraleHHs U TPaHyJ SN, a TAKXKe MOAYJIE KOMIOCTHPOBAaHUs HA OCHOBE KOHTPOJIMpyeMoii Ouodep-
MEHTalK. BakHOW TEXHOIOTHYECKOW OCOOCHHOCTBIO CUCTEMBI SIBIISCTCS pa3JielieHHe CTauii THAPOIN3a 1
METaHOT€HEe3a, YTO MOBBIIIAET CTAOUIBHOCTD IIpoLiecca U NMPEJ0TBPAIaeT 3aKUCICHUE B OuopeakTope.
Pesynbrathl ncciieoBaHus MOKa3bIBAIOT, YTO NPEIIOKEHHBIN TEXHOJIOTHUECKHUI 1T01X0a obecrieunBaeT cTa-
OUIbHOE MPOM3BOACTBO OMOTa3a M MONIy4YeHHE BBHICOKOKAYECTBEHHBIX YIOOPEHUIA C yIyUIIEHHBIMHA arpoHo-
MHYECKMMHU CBOMCTBaMU. [onyyeHHbIE IPOAYKTHI XapaKTEPU3yOTCS [IOBBILIEHHON TOCTYITHOCTBIO TUTATENb-
HBIX 3JIEMEHTOB, BKJIIO4as a30T, ¢pochop U Kanuid B popMax, yCBOSIEMbIX PACTEHUSIMH, a TAKXKe MOJI0KHUTEIIb-
HBIM BIIMSIHAEM Ha CTPYKTYpY 1ouBkl. [Iporiecc KoMmocTupoBaHus JOMIOJHUTEIBHO 00eCIeYnBAET M0y YeHHE
THTMEeHUYECKU 0e30IacHOro, 00e33apakeHHOro 1 0e33araxoBoro OpraHu4ecKoro Marepuana.
PazpaboTaHHbIN TEXHOIOTHYECKUH KOMIUIEKC CIIOCOOCTBYET CHHKECHUIO HETaTHBHOT'O BO3/IEHCTBUS CEIIbCKO-
XO3SIMICTBEHHBIX OTXOZOB Ha OKPYXAIOIIYIO Cpely, YMEHBIICHUIO YPOBHS 3arps3HEHUS U OJHOBPEMEHHOMY
MOJTYYECHHUIO BO3OOHOBIISIEMOH SHEPTHHU M LIEHHBIX Y00peHHi. B 1enom cucrema noajepkxuBaeT yCTOMUMBOE
pa3BUTHE CENBCKOTO XO35HCTBA U MEPEX0 K MOJICNIN TUPKYJISIPHON OnodKoHOMUKH. [IpemnaraeMplii TeXHO-
JIOTMYECKHH MOJXO0JI CIIOCOOCTBYET PAa3BUTHIO YCTOHUMBOIO CETLCKOTO XO3SICTBA 3a CUET CHIDKEHUS 3arps3-
HEHMS OKpY>Karollei cpenpl, odecnieueHns 3(pHEeKTUBHOTO HCIIOIb30BaHUS PECYPCOB U MOBBILIEHHUS SKOJIOTH-
YeCKOH M 9KOHOMUYECKOH 2P PEKTUBHOCTH yIPaBIECHHUS OTXOAaMH KUBOTHOBOJICTBA.

KiroueBble cjioBa: OTXOAbI XMBOTHOBOJCTBA, aHAdpOOHOE cOpaxkuBaHue, Ouora3, opraHOMHUHEpaJbHbIE
yA00peHus, KOMIOCTUPOBAaHHE, YCTOHUMBOE CEIBCKOE XO3SIHCTBO
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