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ABSTRACT: Urban areas face waste issues due to lack of local disposal options, leading to dumping in vacant plots.
This causes pollution, health risks, and loss of recyclables. This paper proposes a compact Decentralized Modular
Waste Processing Hub that enables local segregation and processing of waste. The system integrates mechanical
segregation, composting, and recyclable recovery. It reduces landfill dependence, transport cost, and improves
cleanliness in dense communities.
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I. INTRODUCTION

Urban Waste Challenges: Rapid urbanization has significantly increased waste generation while reducing available land
for management. In dense residential areas, the absence of accessible disposal systems often forces households to dump
mixed waste in vacant plots, creating informal dumping sites characterized by foul odors, environmental pollution, and
health risks.

The Failure of Centralized Models: Poor segregation practices lead to the loss of valuable recyclables and organic
matter, complicating recovery efforts. Furthermore, centralized systems impose high operational costs due to long
transportation distances and logistical inefficiencies.

The Decentralized Solution: To address these gaps, this paper proposes a compact, community-level decentralized hub
as mandated by the Solid Waste Management Rules, 2016 [6]. Designed for a scalable capacity of 500 kg to 1 ton per
day, the system functions as a "low-Waste" micro-infrastructure that:

¢ Integrates three-stage segregation (source, drop-point, and mechanical) to ensure high-purity input for downstream
modules .

e Utilizes bio-mechanical aerobic composting within a constrained footprint of 1,200 sq. ft. to stabilize organic matter
rapidly .

e Leverages an loT-based monitoring framework (ESP32/GSM) to track parameters like temperature and moisture,
ensuring process transparency and efficiency .

Project Objective: By replacing informal dumping sites with modular units powered by a 440V 3-phase supply,
this solution aims to convert urban waste from a disposal problem into a manageable and recoverable local resource.
The system is designed as a modular platform, allowing capacity and processing units to be adapted based on real-time
waste composition of the community.

II. LITERATURE REVIEW

2.1 Centralized vs. Decentralized Models: Traditionally, urban waste management has relied on centralized
systems. However, studies show these are inefficient in dense areas due to high transportation costs and land scarcity
[1]. Decentralized approaches are increasingly suggested as a practical alternative to enable local processing and reduce
environmental impact.

2.2 Material Recovery and Segregation: Material Recovery Facilities (MRFs) are widely used to improve
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recycling efficiency. Research indicates that proper source-level segregation significantly increases recovery rates and
reduces contamination [2].

2.3  Organic Waste Processing: In-vessel composting systems—similar to the bio- mechanical aerobic unit
proposed for this hub—have proven effective for processing organic waste in controlled environments while
minimizing odor and emissions [3].

2.4 Modular Systems and IoT Integration: Recent developments highlight modular, small- scale units that improve
operational flexibility and reduce dependency on centralized infrastructure [4]. Furthermore, the integration of IoT
(e.g., ESP32/GSM) has enabled real- time monitoring and optimization of these processing systems [5].

2.5 Research Gap: Despite these advancements, a technical gap remains in integrating segregation, processing, and
IoT monitoring into a single, compact (1,200 sq. ft.) system specifically designed for the constraints of dense urban
neighborhoods .

III. SYSTEM DESIGN

3.1 Process Workflow

Process Workflow (The "Map")

The decentralized modular hub operates through a strictly defined linear progression, moving from source collection to
final resource recovery. This "map" is designed to eliminate waste accumulation and maximize material purity at each
stage.

1. Primary Collection & Tri-Stream Intake:
Waste arrives via manual push carts from the community.
Immediately separated at the inlet into three dedicated channels: Bio-waste, Plastics/Dry Recyclables, and E-waste

2. Mechanical Segregation & Pre-processing:

Conveyor Feed: Dry waste is loaded onto a variable-speed belt for initial inspection.

Magnetic Separation: A suspended magnetic over belt automatically extracts ferrous metals (e.g., cans, nails) to protect
downstream machinery.

Trommel Screening: A rotating sieve filters the waste by size, separating fine organic residues from large-format
plastics.

Manual Quality Control (QC): A final human-led check removes hazardous "rejects" (e.g., glass shards, medical waste)
before secondary processing.

3. Modular Secondary Processing:

Organic Stream: Mixed with high-activity microbial inoculum and diverted to the bio-mechanical aerobic composter
for rapid stabilization .

Plastic Stream: Directed to a dual-shaft shredder for size reduction (10—15mm flakes) followed by vertical densification
into stackable blocks .

E-waste Stream: Transferred directly to fire-safe, weather-proof storage bins for periodic professional collection .

4. Resource Output & Monitoring:

Fertilizer Packaging: Stabilized compost is sieved and bagged for local community sale.

Data Logging: IoT-enabled load cells and sensors (ESP32-based) record the volume of waste processed and update a
public-facing transparency dashboard.[1- 5]

3.2 Mechanical & Biological Modules
This section details the ruggedized hardware required to process 1 ton/day within the 1,200 sq. ft. urban footprint.

1. Biological Module (Organic Waste)

* Bio-Mechanical Aerobic Composter: A horizontal, stainless steel (SS-304) insulated drum equipped with an internal
ribbon agitator. It uses a gearbox-driven motor to provide continuous aeration and mixing .
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e Heating & Culture System: Integrated ceramic heaters maintain a thermophilic temperature of 60°C—70°C. This is
critical for ensuring pathogen reduction and stable compost output[7].
¢ Leachate Management: A sloped floor leads to a 200-liter HDPE collection tank. The leachate is passed through a
sand-and-gravel filter before being recirculated into the composter (to maintain moisture) or discharged safely .

2. Mechanical Module (Inorganic Waste)

e High-Intensity = Magnetic =~ Overbelt: A permanent ferrite magnet suspended 200mm above the conveyor. It
automatically extracts ferrous contaminants to protect the shredder blades from "abuse" or accidental metal intake .

¢ Dual-Shaft Shredder: A low-speed, high-torque machine (approx. 10 HP) designed to handle mixed plastics with
durability against accidental hard waste inputs.

e Vertical Hydraulic Densifier: A compact press that applies 10-15 tons of pressure to shredded flakes, reducing
plastic volume by up to 80% into stackable 20kg blocks [8].

3. Environmental Safety Hardware

e Multi-Stage Air Filtration: To prevent odors in dense neighborhoods, the bio-zone uses a centrifugal blower to pull
air through:

¢ Bio-filter: Bark/woodchip media for ammonia removal.

¢ Activated Carbon Scrubber: For VOC and tobacco odor neutralization.

e HEPA Filter: To trap micro-plastic dust from the shredding module.

3.310T & Control Architecture
Instead of specifying hardware like the ESP32, this section now focuses on the logic and functional capabilities
required to manage the hub's unique waste streams.

1. Modular Control Logic:

e System Controller: The hub uses a programmable industrial-grade microcontroller or PLC (Programmable Logic
Controller) capable of processing multiple sensor inputs simultaneously.

¢ Fail-Safe Protocols: The controller is programmed with an Auto-Reverse Sequence. If the sensors detect a current
spike in the mechanical shredder (indicating a jam from "hard" waste), the system automatically reverses the motor to
clear the blades, preventing mechanical failure.

2. Dynamic Process Monitoring:

¢ Thermal Regulation: High-precision temperature probes monitor the bio-mechanical reactor. The system maintains
a thermophilic range (60°C—70°C), which is essential for ensuring pathogen reduction and stable compost output[7].

* Moisture Feedback Loop: Automated sensors trigger a solenoid-controlled misting system using filtered leachate to
maintain the ideal moisture levels for aerobic digestion.

3. Data Connectivity & Transparency:

e Telemetry: The system requires a dual-mode communication gateway (supporting both local Wi-Fi and
Cellular/GSM) to transmit operational data to a central cloud server.

* Public Metrics: Load-sensing platforms (load cells) under the intake hoppers calculate the total tonnage processed.
This data is pushed to an external digital display to show the community the real-time environmental impact (e.g.,
"Total Waste Diverted from Landfill").

IV. METHODOLOGY

The implementation follows a modular-integrated approach, beginning with the site preparation of a 1,200 sq. ft.
compact layout within a dense urban neighborhood. The hardware—comprising tri-stream intake hoppers, a magnetic
separator, a dual-shaft shredder, and a bio-mechanical composter—is installed as independent, plug-and-play modules
powered by a 440V 3-phase supply. The system is designed as a modular platform, allowing capacity and processing
units to be adapted based on the real-time waste composition of the community.

Testing is conducted in three distinct phases:
1. Mechanical Stress Testing: To verify the Auto-Reverse Sequence and the durability of shredder blades against
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accidental hard waste inputs.
2. Biological Validation: Monitoring the reactor to ensure a consistent thermophilic range (60°C—70°C) for pathogen
reduction and stable compost output.
3. Data Calibration: Testing the dual-mode communication gateway (Wi-Fi/GSM) and load cells to ensure accurate
real-time data transmission to the public transparency dashboard.

V. FUTURE WORK

The proposed system will be further developed through detailed mechanical design and prototype fabrication. Future
research includes testing in real-world urban environments to validate the system's performance in non-controlled,
high-density settings. Key areas for optimization involve adjusting module parameters based on variable waste
compositions and increasing automation levels through advanced sensor fusion and machine learning.Additionally, the
system will explore scalable deployment across multiple locations and seamless integration into municipal smart city
networks. Subsequent research will investigate advanced recycling methods such as pyrolysis or chemical upcycling
and focus on design optimization to support patent applications for proprietary modular solutions.

VI. CONCLUSION

The proposed decentralized modular waste processing hub offers a technically viable and scalable solution for
managing solid waste in dense urban environments. By integrating three-stage segregation, bio-mechanical aerobic
composting, and vertical plastic densification into a compact 1,200 sq. ft. footprint, the system addresses the primary
inefficiencies of centralized waste models—namely high transportation costs and land scarcity [1].

Key expected outcomes include:

Operational Efficiency: Maintaining a thermophilic range of 60°C—70°C helps ensure rapid pathogen reduction and
stable compost output, even when handling complex household organic streams [7].

Volume Optimization: The mechanical module is designed to reduce plastic waste volume by up to 80%, facilitating
easier storage and transport within constrained urban spaces [8].

Transparency: The integration of a dual-mode IoT framework (Wi-Fi/GSM) provides real- time data logging, fostering
community trust and reducing the likelihood of site abuse.

By converting informal dumping sites into managed, resource-recovery micro-infrastructures, this model aligns with
the Solid Waste Management Rules (2016) [6] and provides a practical roadmap for urban local bodies to achieve
localized waste circularity.
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