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Abstract— The increasing accumulation of agricultural and garden leaf waste poses serious environmental concerns,
including air pollution from open burning and inefficient utilization of organic resources. This research presents the design,
fabrication, and performance evaluation of a compact leaf grinding machine developed for small-scale organic fertilizer
production. The system utilizes a 12V DC motor coupled with a multi-blade cutting mechanism enclosed within a protective
shredding chamber. Speed regulation is achieved through Pulse Width Modulation (PWM) control to optimize grinding
performance for different leaf conditions. Experimental trials were conducted to evaluate throughput rate, particle size
reduction, and energy consumption. The prototype demonstrated effective size reduction, reduced manual effort, and
improved material handling suitable for mulching and compost preparation. The developed system offers a low-cost, energy-
efficient, and environmentally sustainable solution for decentralized organic waste management.

Keywords— Leaf Grinding Machine, Agricultural Waste Management, Organic Fertilizer, DC Motor, PWM Speed
Control, Sustainable Technology.

l. INTRODUCTION

The rapid growth of agricultural and domestic activities has resulted in a significant increase in biodegradable waste,
particularly dry and wet leaves. Improper disposal practices such as open burning contribute to air pollution, release of
greenhouse gases, and loss of valuable biomass resources. Leaves are rich in organic nutrients and can serve as a raw
material for compost and soil enrichment if processed efficiently.

Size reduction of leaf waste enhances decomposition rate by increasing surface area, thereby improving microbial activity
during composting. However, manual crushing methods are labour-intensive and inconsistent, while industrial shredding
machines are costly and consume higher power, limiting their accessibility to small farmers and household users. Therefore,
there is a need to develop an affordable, compact, and energy-efficient leaf grinding system that can be easily operated in
domestic gardens, small farms, and community composting units. This study focuses on designing and experimentally
evaluating such a system.

1. LITERATURE REVIEW

Kumar et al. (2018) evaluated a mechanical grinding machine designed to process moist leaf waste with a batch capacity of
250-300 kg. The study examined the machine's performance in handling both moist and dry leaf wastes and its effectiveness
in producing finely processed material suitable for vermicomposting. Operational efficiency and potential improvements for
enhancing compost quality were also discussed.

Wagh, Kulkarni, and Mohite (2019) focused on the design and development of a shredder machine intended for shredding
plant leaves for composting applications. The study evaluated the machine's ability to efficiently process dry leaves into fine
particles, thereby improving decomposition rate and composting efficiency. The work highlighted the machine's
effectiveness in supporting sustainable waste management practices.

Alade, Agboola, and Lawal (2018) presented the design of a solar-powered leaf shredder machine developed to process dry
leaves into fine particles. The study assessed the machine's performance in efficiently shredding leaf waste while utilizing
renewable energy, emphasizing its contribution to sustainable waste management and eco-friendly fertilizer production.

Ugale et al. (2018) examined a mechanical leaf cutting and waste shredder machine designed for processing dry leaves and
other organic waste. The study evaluated the machine's effectiveness in shredding organic materials to support efficient
composting, highlighting its role in facilitating organic compost production and promoting sustainable waste management
practices.
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2.1 Summary of Literature Gaps

While existing studies have demonstrated the feasibility of mechanical leaf shredding, most systems are designed for larger-
scale operations (250-300 kg capacity) or rely on solar power with higher implementation costs. There remains a need for a
compact, low-cost, energy-efficient system suitable for small-scale household and garden use, which this research addresses.

1. METHODOLOGY
3.1 Hardware Design and Working

Mechanical Design: The hopper guides leaves smoothly into the shredding chamber. The chamber houses a multi-blade
cutting mechanism connected to the motor shaft. The enclosure ensures safety by preventing direct contact with rotating
blades.

Electrical Design: A 12V DC power supply drives the system. The PWM controller regulates motor speed efficiently,
reducing energy loss. A switch provides ON/OFF control, and a diode protects against voltage spikes.

Working Principle: When power is supplied, the DC motor rotates the blades at controlled speed. Leaves entering the
chamber are cut and pulverized into fine particles, which are collected at the outlet for composting.

3.2 Operational Methodology

Step Description

Input Acquisition Dry and wet leaf waste collected from agricultural fields, gardens, or domestic sources

Leaves manually fed into grinding chamber through controlled inlet for safety and

Material Feeding uniform distribution

Motor Drive System 12V DC motor provides necessary rotational force for shredding
Speed Control (PWM) Pulse Width Modulation regulates motor speed based on leaf type and moisture content
Cutting Mechanism Multi-blade rotary system maximizes cutting efficiency and durability
Shredding Chamber Closed chamber ensures safety, prevents material loss, and improves efficiency
Output Collection Shredded leaf particles collected at outlet for composting or organic fertilizer use
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Figure 1: Block Diagram of Leaf Grinding Machine
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3.3 Power Supply and Control System

Power Supply: The system is energized using an external DC power adapter, providing regulated input voltage suitable for
charging and operating the system.

Rectification and Protection: A 10A10 diode serves as a protective and rectifying component, allowing current flow only in
the forward direction, preventing reverse current and protecting components from polarity-related damage.

Energy Storage: The battery serves as an energy storage unit, accumulating charge from the adapter and supplying stable
DC output while minimizing voltage fluctuations.

Speed Control: The PWM-based speed controller regulates effective voltage supplied to the DC motor, allowing precise
control over motor speed for different load conditions and leaf types.

Motor Operation: The DC motor converts electrical energy into mechanical rotational energy. Key parameters such as
torque, speed (RPM), and efficiency directly influence shredding capability.

Shredding Process: The motor drives the shredding chamber equipped with hardened steel blades. Blades rotate at
controlled speeds to apply shear and impact forces, effectively cutting and pulverizing dry leaves and organic waste into fine,
uniform particles.

Output Collection: The shredded output is discharged as fine leaf particles with increased surface area, enhancing microbial
activity and accelerating decomposition.

V. SYSTEM APPLICATIONS AND BENEFITS

This machine plays an important role in converting waste leaves into valuable organic fertilizer through an efficient
shredding process. By reducing leaf size into fine particles, it increases surface area, accelerates microbial activity, and
speeds up the composting process, resulting in faster production of nutrient-rich organic manure that improves soil fertility
and plant growth.

In addition to waste conversion, the machine helps reduce environmental pollution caused by open burning or improper
disposal of dry leaves. It minimizes manual effort by automating the shredding process, saving labour, time, and operational
cost. The use of such a system also promotes eco-friendly practices by encouraging recycling of organic waste at the source.

Furthermore, the machine is highly suitable for small-scale applications such as farms, gardens, and households due to its
compact design and ease of operation. It supports sustainable waste management by turning everyday organic waste into a
useful resource, contributing to a cleaner environment and more efficient agricultural practices.

V. RESULTS AND DISCUSSION
5.1 Performance Evaluation

The experimental evaluation demonstrates that the developed leaf grinding machine performs efficiently under small-scale
operating conditions.

TABLE 1

PERFORMANCE SUMMARY OF LEAF GRINDING MACHINE PROTOTYPE
Parameter Value
Average Throughput ~10 kg/hour
Energy Consumption ~0.006 kWh/kg
Power Supply 12v DC
Speed Control PWM-based
Suitable For Household, small farm, garden use

The average throughput of approximately 10 kg/hour confirms practical usability for household and small farming
applications. Particle size analysis indicates that the majority of the output falls within the ideal composting range, ensuring
effective mulching and soil blending.
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5.2 Energy Efficiency

The energy consumption per kilogram is significantly low (0.006 kWh), making the system economical and suitable for
battery-based or renewable-powered applications. Compared to manual methods, the machine significantly reduces physical
effort and improves productivity.

5.3 Challenges and Mitigation

Minor clogging was observed when feeding excessive wet leaves. This can be minimized by:
e Controlled feeding rates
e  Speed adjustment using the PWM controller

e Mixing wet leaves with dry leaves for optimal consistency

5.4 Comparison with Existing Systems

Parameter This Work Industrial Shredders Manual Method
Throughput ~10 kg/hour 50-200+ kg/hour <2 kg/hour

Energy Source 12V DC (low power) AC mains (high power) Manual labour

Cost Low High None (but labour-intensive)
Portability High Low High

Suitability Small-scale Large-scale Very small-scale

Figure 2: Image of Prototype

5.5 Discussion

Overall, the results validate that the developed prototype meets the intended objectives of efficiency, affordability, and
sustainability. The machine is particularly suitable for decentralized waste management in gardens, small farms, and
community composting units.

VI. CONCLUSION

The developed leaf grinding machine provides a practical solution for efficient management of garden and agricultural leaf
waste. By converting bulky leaves into fine particles, the system supports cleaner mulching practices, improves soil mixing,
and reduces storage volume without compromising garden aesthetics.

Although the grinding process does not directly increase composting speed, it prepares the material for faster decomposition
when combined with suitable bio-cultures. Overall, the machine promotes waste utilization, reduces environmental pollution
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from open burning, and offers an effective preprocessing step for mulching and organic fertilizer production. The machine is
compact, affordable, and energy-efficient, making it suitable for small-scale users.

Key Contributions:
e Low-cost, energy-efficient leaf grinding system (0.006 kWh/kg)
e  Compact design suitable for household and small farm use
e PWM-based speed control for handling different leaf conditions
e  Practical throughput of ~10 kg/hour for decentralized waste management
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