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Abstract— This research presents an innovative approach to household organic waste management
through the development of a compact, solar-powered processing system that simultaneously produces
organic fertilizer and recovers electrical energy. The system integrates photovoltaic technology,
mechanical waste processing, and anaerobic decomposition in a single portable unit designed for
residential applications. The device features an energy recovery mechanism using an alternator
coupled to the waste processing motor, creating a self-sustaining cycle that reduces external power
dependency. Field testing demonstrates effective waste-to-fertilizer conversion within 2-3 weeks while
maintaining energy autonomy through solar charging and mechanical energy recovery. This multi-
functional approach addresses both waste management challenges and energy needs in domestic
settings, offering a practical solution for sustainable living.

Index Terms— Photovoltaic Systems, Organic Waste Processing, Energy Recovery, Sustainable
Technology, Anaerobic Digestion

I. INTRODUCTION demonstrated that optimized anaerobic digestion

The escalating challenge of organic waste systems can achieve biogas yield improvements of
management has reached critical proportions up to 30% through careful control of temperature
globally, with food waste alone accounting for ranges between 35-55°C and appropriate hydraulic
approximately 1.3 billion tons annually worldwide.  retention times, with systems capable of capturing
This  massive waste stream  contributes = 80-90% of nitrogen and phosphorus content for
significantly to greenhouse gas emissions, agricultural applications. Solar-assisted anaerobic
representing 8-10% of total global emissions. digestion has emerged as particularly promising,
Simultaneously, the growing demand for clean with research by Moussa and colleagues showing
energy solutions and sustainable agricultural that solar thermal integration could reduce external
practices has created an urgent need for integrated  energy requirements by 40-60% while maintaining
technologies  that can address multiple optimal processing temperatures. The application
environmental challenges simultaneously. The of photovoltaic systems to waste processing
integration of renewable energy systems with equipment has demonstrated significant potential
waste processing technologies represents a critical ~ for creating self-sufficient processing units, with
pathway toward achieving sustainable household- hybrid systems combining solar panels with battery
level resource management while reducing storage showing particular promise for maintaining
environmental impact. consistent operation despite variable solar

The intersection of waste management and conditions.

renewable energy has attracted considerable Despite these advances, existing literature
research attention in recent years. Miller and Stiner  reveals several gaps in small-scale, energy-
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integrated waste processing systems. Most
documented systems focus either on waste
processing or energy generation, but few attempt to
optimize  both  functions  simultaneously.
Additionally, limited research exists on mechanical
energy recovery from waste processing operations,
representing an unexplored opportunity for
improving system efficiency. The economic
viability of household-scale systems remains
underexplored, with most studies focusing on
larger community or industrial applications. This
research addresses these gaps by proposing an
integrated solar-powered kitchen waste processing
system that combines mechanical waste
preparation, controlled anaerobic decomposition,
and electrical energy recovery in a single compact
unit, specifically designed for household-scale
deployment with emphasis on energy autonomy
and cost-effectiveness.

This paper presents the comprehensive
development and evaluation of the integrated
system, beginning with detailed methodology
describing system architecture and component
selection. The control technique section explains
the operational algorithms and energy management
strategies with supporting mathematical models.
Software simulation results validate the design
parameters and predict performance under various
conditions. Hardware implementation and testing
demonstrate practical feasibility and performance
verification. Finally, conclusions summarize
achievements and identify future development
opportunities for enhanced system capabilities.

Il. CONTROL TECHNIQUES

The integrated solar-powered kitchen waste
processing  system  consists of  several
interconnected subsystems designed to maximize
both waste processing efficiency and energy
recovery. The system architecture centers around a
20-watt solar photovoltaic panel that provides
primary power to a lithium ion battery pack rated
at 12 volts and 3.5 ampere-hours capacity. This
battery configuration ensures continuous operation
capability even during periods of limited solar

availability. The mechanical processing subsystem
employs a 12-volt DC motor drawing 2.5 amperes
to drive a precision-engineered stainless steel
crushing assembly. The crushing mechanism
processes various types of kitchen waste, including
challenging materials such as bones and shells,
reducing particle size to less than 5 millimeters.
This size reduction significantly accelerates
subsequent decomposition processes by increasing
the surface area available for microbial activity.
The processed waste material enters a specially
designed 20-kilogram capacity anaerobic digestion
chamber where controlled decomposition occurs.
The chamber maintains optimal conditions for
microbial  activity, including  temperature
regulation between 35-40 degrees Celsius and
moisture content maintained at 50-70%. These
parameters ensure efficient conversion of organic
matter into stable, nutrient-rich fertilizer with an
optimal carbon-to-nitrogen ratio of approximately
20:1. Temperature control within the digestion
chamber utilizes passive solar heating combined
with thermal insulation to maintain consistent
processing conditions. The complete processing
cycle from waste input to finished fertilizer
typically requires 2-3 weeks, significantly faster
than conventional composting methods.

The control system architecture employs a
hierarchical approach to manage the complex
interactions between power generation, waste
processing, and energy recovery subsystems. A key
innovation in the system design involves the
integration of an alternator directly coupled to the
motor drive shaft. This configuration enables the
recovery of mechanical energy during crushing
operations, typically generating approximately 18
watts of electrical power. The recovered energy
feeds back into the battery system, creating a
regenerative cycle that improves overall energy
efficiency and reduces dependency on solar
charging alone. The control system monitors
critical parameters including battery voltage, motor
current, chamber temperature, and processing
progress  through a  microcontroller-based
management system that optimizes power
distribution between immediate operational needs
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and battery charging requirements.

Renewable Energy-Based Waste Crushing System
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Fig.1.Block diagram of Solar Heated Kitchen
Waste Recycler for Fertilizer Developer with
Energy Generator

The temperature control system maintains
optimal  digestion  conditions through a
combination of solar heating and thermal
management. The control algorithm continuously
monitors chamber temperature T_chamber(t) and
compares it against the setpoint temperature T_set,
typically maintained at 37°C for optimal
mesophilic anaerobic digestion. The net heat input
to the system follows the relationship:

Q net = Q solar - Q_loss

Where Q_solar represents heat input from solar
thermal collection and Q loss accounts for
environmental heat losses. The chamber
temperature response can be modeled as:

dT_chamber/dt = Q_net/(m x C_p)

Where
m represents the mass of material undergoing
digestion
C_p indicates the specific heat capacity of the
waste  material mixture.
The energy management system balances power
generation from both solar panels and mechanical

recovery against operational power requirements.
Primary power allocation follows this hierarchy:
(1) Critical processing functions (motor operation,
control systems), (2) Battery charging for sustained
operation, (3) Auxiliary functions (monitoring,
data logging).
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Fig.2 Flowchart of Project

The integrated monitoring system tracks multiple
parameters to ensure optimal processing conditions
including battery voltage and current, motor
performance, chamber conditions, and processing
progress. Automated control responses adjust
system operation based on measured parameters,
maintaining optimal conditions while preventing
damage from overloading or environmental
extremes. The control system includes safety
features that protect against overvoltage,
undervoltage, overcurrent, and overtemperature
conditions. The mechanical energy recovery
system contributes significantly to overall energy
balance, typically providing 18 watts during active
processing periods, reducing the load on the solar
charging system by approximately 40-60% and
improving overall system efficiency and reliability.

20



#4IFERP

ISSN (Online) 2395-2717

International Journal of Engineering Research in Electrical and Electronic Engineering
(IJEREEE)

Volume 12 Issue 09 September 2025

I11. SIMULATION
Table 1.Simulation Parameter

Parameter Value Unit
Solar Panel Power 20 Watts
Battery Voltage 12 Volts
Battery Capacity 3.5 Ah
Motor Current 2.5 Amperes
Motor Voltage 12 Volts
Alternator Power 18 Watts
Output
Chamber Capacity 20 Kg
Operating Temperature | 35-40 °C
Processing Time 2-3 Weeks
Particle Size Target <5 mm

The simulation model incorporates detailed
representations of all major subsystems, including
solar panel characteristics, battery behavior, motor
performance, and thermal dynamics of the
digestion chamber. The 20-watt solar panel
simulation demonstrates consistent power output
under standard test conditions, generating
approximately 1 ampere at 20 volts. The battery
charging profile shows effective voltage
regulation, maintaining battery voltage between
12-13.5 volts despite fluctuations in solar input.
The model includes comprehensive thermal
analysis of the anaerobic digestion chamber,
incorporating heat transfer equations and
temperature control algorithms to validate the
thermal management system performance.
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Fig.4. Output Power of Solar Panel

The simulation indicates that the system can
maintain  processing capability even during
extended periods of suboptimal solar conditions,
ensuring consistent waste processing performance
regardless of weather variations. This reliability
makes the system suitable for deployment in
diverse geographical locations and climatic
conditions. The regenerative braking effect during
motor operation provides additional benefits
beyond energy recovery, including improved
motor control and reduced mechanical stress on the
drive system. These effects contribute to improved
system reliability and extended component
lifespan, validating the integrated design approach
for sustainable household waste management
applications

IV. HARDWARE RESULTS

Fig.5 Hardware Diagram of Solar Heated Kitchen
Waste Recycler for Fertilizer
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Fig.6. Connection Diagram

The prototype system construction utilized
readily available components to demonstrate the
feasibility of cost-effective implementation. The
hardware design emphasizes modularity and
maintainability while ensuring robust performance
under continuous operation conditions. The
crushing mechanism employs high-grade stainless-
steel components to ensure durability and food
safety compliance. The motor-driven crusher
effectively processes various types of Kkitchen
waste, including challenging materials such as fruit
pits, bones, and vegetable matter. The alternator
coupling system demonstrates effective energy
recovery  without  compromising  crushing
performance, with the mechanical coupling
transferring power efficiently while maintaining
proper alignment and minimizing vibration.

Hardware Results with Various Working
Conditions

Battery performance testing validates the
effectiveness of the charging and energy
management  systems. Under full charge

conditions, the battery maintains 14 volts at
approximately 2 amperes, providing adequate
power for extended processing operations. The
integrated charging controller  prevents
overcharging while maximizing energy storage
efficiency. Particle size reduction consistently
achieves the target of less than 5 millimeters,
facilitating rapid subsequent decomposition.
Testing confirms energy recovery levels of 17-18
watts during typical processing operations. Waste

processing trials demonstrate effective conversion
of various organic materials into high-quality
fertilizer, with the anaerobic digestion process
consistently achieving completion within the target
timeframe of 2-3 weeks. Temperature monitoring
throughout the processing cycle confirms
maintenance of optimal conditions for microbial
activity between 35-40°C.

[ ==
Fig.7. Output of Solar Heated Kitchen
Recycler for Fertilizer

Waste

Hardware Effectiveness

The complete electrical system demonstrates
stable operation across the full range of expected
operating conditions, with voltage regulation
remaining within specified limits and current
distribution matching design predictions. Extended
testing demonstrates robust system performance
under continuous operation conditions, with all
major components  maintaining  consistent
performance throughout extended testing periods
and no significant degradation in processing
capability or energy recovery efficiency. The
resulting fertilizer exhibits optimal nutrient balance
with a carbon-to-nitrogen ratio of approximately
20:1, making it immediately suitable for
agricultural applications. Processing capacity
testing confirms the system's ability to handle
typical household waste generation rates, with the
20- kilogram chamber capacity accommodating
several days of accumulated kitchen waste from a
typical family.
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V. COMPARISON

Table2.Storage battery charging time for proto
‘type hardware model when only PV is connected.

Battery )
Time charging voltage Charging
current
pv connected
TAM 12.0 0.2
SAM 12.6 0.33
9AM 129 0.6
10AM 13.0 0.8
1AM 13.34 0.9
12PM 13.65 1.0
1 PM 14.0 0.9
2PM 144 0.6
3PM 14.5 0.0(cutoff)
VI. CALCULATION
e Charging Time=battery capacity/charging
current  (from solar) Where, Battery

Capacity=3.5Ah, =

e 1.10hours/70min.

e Running Time=battery capacitor/motor power,
where, Battery Capacity =12 V * 3.5 Ah =Wh

e Motor power = i/p power = 12 volts x 2.50 amps
=30w

e Regenerative power generates 18 watts.

VIl. CONCLUSION

The integrated solar-powered kitchen waste
processing system successfully demonstrates the
feasibility of combining waste management,
renewable energy, and agricultural resource
production in a single household-scale device. The
system achieves all primary design objectives,
including effective waste processing, energy
recovery, and autonomous operation capability.
Key technical achievements include successful
implementation of mechanical energy recovery,
reducing net energy consumption by 40-60%
compared to conventional approaches. The solar
charging system provides reliable power for
continuous  operation, while the anaerobic
digestion process consistently produces high-
quality fertilizer within 2-3 weeks. The system
addresses multiple sustainability challenges
simultaneously, including waste management,

renewable energy utilization, and sustainable
agriculture support, offering practical benefits for
household applications while contributing to
broader environmental sustainability goals.

VIill. FUTURE WORK

Future development opportunities include
enhanced monitoring capabilities through Internet
of Things (loT) integration, enabling remote
system monitoring and optimization through
smartphone applications. Advanced control
algorithms incorporating artificial intelligence
could optimize processing parameters based on
waste composition and environmental conditions,
with machine learning approaches improving
energy management strategies and predicting
maintenance requirements. Scaling the system
design for larger installations could serve multi-
family residences, small businesses, or community
applications through modular system architecture.
Integration with smart home energy management
systems could optimize energy utilization across
multiple household systems, while enhanced
materials and component technologies could
improve system durability and performance while
reducing manufacturing costs.
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