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Abstract. The environmentally safe processing of seasonally generated fallen tree leaves in urban and rural areas is
considered. Currently, the open burning of leaf waste contributes to atmospheric air pollution, increases greenhouse gas
emissions, and negatively affects public health. In this regard, a technology for reducing the volume of fallen leaves using
a resource-efficient screw-type shredding unit and subsequently processing the shredded biomass into compost, organic
fertilizer, and mulch is proposed.

Keywords: fallen leaves, biomass, screw-type shredding unit, resource, efficiency, waste management, composting,
atmospheric air, environmental safety.

Annotatsiya. Shahar va gishlog hududlarida mavsumiy ravishda hosil bo‘ladigan daraxt hazonlarini ekologik xavfsiz
gayta ishlash masalalari yoritilgan. Hozirgi kunda barg chigindilarini ochig maydonlarda yoqish atmosfera havosining iflo-
slanishiga, issigxona gazlari miqdorining ortishiga hamda aholi salomatligiga salbiy ta’sir ko‘rsatmogda. Shu munosabat
bilan resurs tejamkor shnekli yanchish qurilmasidan foydalangan holda hazonlar hajmini kamaytirish hamda ularni kom-
post, organik o'g‘it va mulcha sifatida qayta ishlash texnologiyasi taklif etilgan.

Kalit so‘zlar: hazon, biomassa, shnekli yanchish qurilmasi, resurs tejamkorlik, chigindilarni boshqarish, kompostlash,
atmosfera havosi, ekologik xavfsizlik.

AHHOmMauyus. PaccmompeHbl 80rpockl akoroaudecku b6e3onacHol rnepepabomku ce30HHO obpasyroujelics onaswel
niucmebi 0epesbes 8 20POOCKUX U CeNbCKUX palioHax. B Hacmosiwee 8pemsi CxxueaHue J/IUCMBEHHbIX 0mMx0008 Ha
OMKPbIMbIX Maowadkax npueooum K 3az2psi3HEHUD amMmocghepHo20 8030yxa, YBeruHYeHUt0 8bI6pOCo8 MapHUKOBLIX
2a308 U OKa3blgaem HezamusHoe 8030elicmaue Ha 300p08be HacenieHus. B ces3u ¢ amum npednoxeHa mexHomoausi
yMeHbweHus obbéma ornaswell nucmebl ¢ UCrosib308aHUEM pecypcocbepezatowieli WHEKO8OU U3MebYUmernnsHoU
ycmaHosKu u eé nocnedyruwel nepepabomku 8 KOMIOCM, Op2aHU4ecKoe yoobpeHuUe U Myribyy.

Knroveeble cnoea: onaswasi nucmea, buomacca, WHeKo8asi U3MesbYumeribHasi ycmaHoeKa, pecypcoc6epe)KeHue,
ynpasreHue omxodamu, KomMmriocmuposaHue, ammoccpepr/ﬁ eosdyx, 9Korioeuveckasi 6esonacHocme.

INTRODUCTION

In recent years, environmental protection and the recycling of solid organic waste have become priority areas
of scientific research worldwide. In particular, the expansion of urban landscaping and greening activities generates
large quantities of fallen leaves, branches, and other plant residues every year. Most of this waste is transported to
landfills or openly burned. The open burning of fallen leaves releases carbon monoxide, carbon dioxide, nitrogen
oxides, fine particulate matter, and other compounds that may adversely affect human health. Therefore, the
environmentally safe processing of fallen leaves is of considerable importance for improving ambient air quality,
contributing to climate stability, and further enhancing the environmental conditions of urban areas.

Worldwide, the concept of treating leaf waste as a resource and utilizing it as a secondary raw material is
becomingincreasingly widespread. Technologies such asbiomass shredding, composting, vermicompost production,
biofuel production, and soil mulching enable the effective management of organic waste. From this perspective, the
development of a resource-efficient screw-type shredding device and its application under local conditions are
important not only for reducing waste volumes but also for promoting environmental sustainability. According to
the United Nations, billions of tonnes of organic waste are generated annually, a substantial proportion of which is
disposed of in landfills without being recycled. Therefore, the effective processing of organic waste contributes to
reducing methane emissions, preserving soil and groundwater quality, and supporting climate stability.

https://ist-journal.uz t.me/scupus_IST2100
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LITERATURE REVIEW

In Uzbekistan, the expansion of urban landscaping and greening activities also results in the accumulation of
large quantities of fallen leaves during the autumn season. In current practice, most of this waste is transported to
landfills or burned. Therefore, reducing the volume of waste at its source, lowering transportation costs, improving
processing efficiency, and returning biomass to the economy as a secondary resource are among the important
tasks for achieving environmental and economic efficiency.

Research in the field of organic waste management has developed rapidly over the past decade. The scientific
literature proposes various technologies for processing leaves and plant residues. FAO experts have noted that
composting organic waste is an environmentally safe method of improving soil fertility. Compost enhances the
water-holding capacity of soil and reduces the consumption of mineral fertilizers.

UNEP reports identify the open burning of organic waste as one of the factors affecting ambient air quality.
According to these reports, waste recycling can significantly reduce greenhouse gas emissions. Studies published by
Elsevier have reported that biomass shredding can reduce transportation costs by 40-60%. Shredded biomass has
also been found to decompose more rapidly during composting. Studies published by Springer have demonstrated
that screw-type shredding mechanisms can reduce energy consumption and improve equipment reliability
compared with impact-based mechanisms. Articles published in MDPI journals identify energy efficiency, low noise
levels, long service life, and low operating costs as the principal advantages of screw-type devices.

A number of researchers have demonstrated that the degree of biomass size reduction directly affects the rate
of the composting process. In shredded organic material, microbial activity intensifies, thereby accelerating the
formation of humus.

Studies conducted in European Union countries have shown that processing leaf waste and utilizing it as a
secondary resource can improve economic efficiency. Consequently, many countries have introduced technologies
for composting such waste locally. In Japan and South Korea, systems for processing urban leaf waste using mobile
shredders have been introduced, resulting in significant reductions in transportation costs.

Uzbekresearchers have also conducted anumber of studies on producing organic fertilizers from plantresidues,
improving soil fertility, and treating waste as a resource. Further development of research on shredding fallen
leaves using a specialized resource-efficient screw-type device and comprehensively evaluating its environmental
efficiency would enhance the scientific and practical significance of this field. Therefore, the present study is aimed
at improving the design parameters of a screw-type shredding device, reducing its energy consumption, and
assessing its advantages from the perspective of environmental protection.

RESEARCH METHODOLOGY

The primary objective of this study is to reduce the volume of fallen tree leaves using a resource-efficient screw-
type shredding device, prepare them for subsequent processing, and evaluate the environmental and economic
efficiency of the proposed technology. The research was conducted in the following stages: analysis of the physical
and mechanical properties of tree leaves and plant residues; development of the structural design of the screw-type
shredding device; substantiation of the geometric parameters of its working components; assessment of energy
consumption and operational performance; investigation of the effect of shredded biomass on the composting
process; and evaluation of the environmental efficiency of the technology.

The study employed methods of systems analysis, comparative analysis, experimental observation, energy
analysis, and environmental assessment.

The structural features of the screw-type shredding device were investigated. The proposed device mainly
consists of the following components: a feed hopper, screw conveying mechanism, shredding drum, counter-cutting
elements, electric drive, gearbox, discharge channel, and metal frame. The operating principle of the device is as
follows: collected fallen leaves are loaded into the feed section. The screw simultaneously conveys and compresses
the material and feeds it into the shredding section. Through the interaction between the shredding drum and the
counter-cutting plates, the leaves are shredded and discharged through the outlet.

This design ensures the continuous movement of the material and reduces the need for additional conveying
mechanisms. The following advantages of the proposed technology were identified as factors contributing to
resource efficiency: low energy consumption, simple design, ease of maintenance, low metal consumption, high
reliability, low noise levels, minimal vibration, and a high degree of size reduction. Since the screw mechanism
moves the material gradually, the load on the motor is distributed evenly. This reduces electricity consumption and
extends the service life of the device.

242 t.me/scupus_IST2100 https://ist-journal.uz
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ANALYSIS AND RESULTS

Analysis from an Environmental Protection Perspective

At present, a certain proportion of fallen leaves collected in urban areas is burned. As a result, carbon dioxide
(COy), carbon monoxide (CO), nitrogen oxides (NOy), fine particulate matter (PM,.5 and PM;,), and volatile organic
compounds are released into the atmosphere. In contrast, the screw-type shredding technology does not involve a
combustion process. Consequently, it provides an opportunity to prevent the release of these harmful substances
into the atmosphere.

The shredded biomassis subsequently subjected to composting. During composting, organic matter is converted
into humus, thereby improving soil fertility. This also reduces the demand for mineral fertilizers. In addition, the
volume of waste transported to landfills is reduced, waste transportation costs are lowered, opportunities are
created to prevent waste burning, ambient air is protected, and soil enrichment with organic matter is promoted.

Economic Efficiency of the Technology

Shredding fallen leaves reduces their volume several times, thereby increasing the load utilization efficiency of
transport vehicles. As a result, transportation costs are reduced, the need for landfill space decreases, opportunities
arise to generate additional income through the sale of compost products, and municipal service costs are lowered.

The simple design of the device makes it possible to manufacture it at local enterprises. This also contributes
to the development of import-substituting technologies. The analyses conducted indicate that the use of a resource-
efficient screw-type shredding device improves the efficiency of organic waste management. Shredded biomass
composts more rapidly, requires less storage space, reduces transportation costs, contributes to ambient air
protection, and facilitates the implementation of circular economy principles.

The analyses further indicate that the proposed technology can be widely applied in municipal services,
horticulture, forestry, and farming. This is important for promoting environmental sustainability, ensuring the
efficient utilization of waste, and introducing resource-efficient technologies.

The scientific novelty of this study consists of the following: a structural design for a resource-efficient screw-
type device for shredding fallen tree leaves was proposed; the screw parameters and factors affecting the efficiency
of the shredding process were scientifically substantiated; a technological chain integrating leaf shredding and
composting was developed; the environmental efficiency of reducing waste volume and utilizing waste as a
secondary resource was evaluated; and a technological approach aimed at reducing harmful atmospheric emissions
was proposed.

The research results can be implemented in urban landscaping enterprises, municipal service organizations,
forestry enterprises, agroclusters and farms, as well as compost production facilities. The proposed technology
reduces the volume of organic waste, lowers transportation costs, decreases the burden on landfills, contributes to
the prevention of atmospheric air pollution, and expands opportunities for organic fertilizer production.

CONCLUSIONS AND RECOMMENDATIONS

Based on the analyses and investigations conducted, the following conclusions were drawn. Fallen tree leaves
constitute a substantial proportion of municipal organic waste. Their effective processing and utilization as a
secondary resource can improve both economic and environmental efficiency. The open burning of fallen leaves
may release SO,, CO, NO,, and particulate matter into the atmosphere. Therefore, processing fallen leaves using
environmentally safe methods is important for protecting public health and the environment.

The proposed resource-efficient screw-type shredding device makes it possible to reduce the volume of organic
waste severalfold. This improves the efficiency of transportation, storage, and subsequent processing operations.
The composting process of shredded biomass is accelerated, which represents an important advantage in the
production of organic fertilizers. Introducing the technology into municipal services and agriculture promotes
resource efficiency, increases the level of waste reuse, and supports the implementation of circular economy
principles. The research findings provide a basis for developing practical recommendations aimed at ensuring
environmental safety, improving organic waste management systems, and applying energy-efficient equipment
under local conditions.
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