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Abstract: This article explores the development of an innovative, automated
silkworm cocoon drying system powered primarily by solar energy. The system is
designed to offer an energy-efficient and environmentally friendly solution for cocoon
drying, which is a crucial stage in silk production. By combining renewable energy
sources, such as solar heat, with smart technologies like PLC-based automation and real-
time sensors, this solution provides consistent drying performance while minimizing
operational costs. It is especially relevant for sericulture practices in Uzbekistan, a country

rich in solar potential and seeking to modernize its agricultural sector sustainably.
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Introduction

Silkworm cocoon drying is a critical process in the silk production chain, directly
affecting fiber quality, moisture retention, and post-processing outcomes. Traditionally,
this process has relied on firewood or electric heaters, which are both costly and
environmentally unsustainable. Furthermore, manual drying methods result in inconsistent

quality and increased labor requirements.

Uzbekistan is among the top producers of raw silk, and with its favorable climate, it
Is an ideal candidate for solar-powered agricultural technologies. The proposed automated
solar cocoon drying system addresses these challenges through a hybrid mechanism that
integrates solar heat collection, backup electric heating (TEN), and intelligent automation.
The system aims to optimize energy consumption, improve product consistency, and

reduce human error in the drying process.
System Architecture and Components

The solar-powered cocoon drying system consists of interconnected subsystems,

each performing specific functions essential to the drying process:

Solar Collector Unit: A flat-plate solar collector absorbs solar radiation and transfers

it to the drying chamber through heated air.

Solar Ventilation Fan: Drives hot air from the collector into the cocoon drying

chamber.

Electric Heating Unit (TEN): A 2 kW electric heater that activates during cloudy or

insufficient solar radiation periods.
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Drying Chamber with Conveyor: The motorized conveyor moves cocoons through

the chamber at regulated speed to ensure uniform exposure to heat.
Sensors:
Temperature Sensors (inlet and outlet)
Humidity Sensors (inlet and outlet)
Speed Sensor (on conveyor motor)

PLC (Programmable Logic Controller): Controls all system components, executes

automation logic, and monitors sensor feedback.

These components work together to create a self-regulating drying environment that

adapts dynamically to external and internal conditions.
Automation Logic and Control Flow

The brain of the system is the Siemens CPU 1214C PLC. The control algorithm

executes logical decisions based on real-time sensor input:
If solar heat is sufficient (inlet air > 65°C), only solar power is used.
If solar heat is insufficient, the electric TEN heater activates to compensate.

The system monitors outlet humidity, ensuring that it drops below 12%, the optimal

level for dried cocoons.

Conveyor speed is adjusted based on inlet humidity and temperature to ensure

complete drying.

The PLC logs data, allowing operators to monitor performance and trace batch

history for quality control.

This closed-loop control structure enables fully autonomous operation and real-time

optimization, significantly improving drying efficiency.
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Operational Advantages and Sustainability

The system's key strengths are grounded in energy conservation, automation, and
adaptability:

Eco-Friendly: Utilizes solar energy, reducing reliance on nonrenewable sources.

Cost-Efficient: Operational electricity costs are minimized, especially during sunny

periods.
Smart Automation: Reduces the need for constant manual supervision.,
Consistent Product Quality: Maintains uniform temperature and humidity.

Multipurpose Use: The system design is adaptable to dry other agricultural products,

including herbs and fruits.

Moreover, the system supports Uzbekistan’s broader sustainability goals and rural

development plans.
Application in Uzbek Sericulture

In rural Uzbek sericulture farms, drying cocoons is often done manually or with
basic electric ovens. These methods are not only inefficient but also waste valuable energy
resources. The proposed system provides a modern alternative with several socio-

economic advantages:
Enhances productivity and silk quality.
Reduces labor costs and manual work.
Encourages technology adoption in rural areas.
Supports government initiatives for green energy and agricultural digitization.

Educational potential: Can be introduced in agricultural colleges and rural

innovation hubs.

www.innovativepublication.uz 955




0
N 2

A " “NAZARIY VA AMALIY FANLARDAGI USTUVOR ISLOHOTLAR

o 2

——V/"—;

Vol.2 Ne5 (2025). May

VA ZAMONAVIY TA’LIMNING INNOVATSION YO'NALISHLARI”

Given Uzbekistan’s abundant solar energy resources, widespread deployment of

such systems could transform the entire silk processing sector.
Future Prospects and Improvements

While the current system design meets core performance goals, several

improvements can be explored:
0T Integration: Remote monitoring via smartphone apps or online dashboards.

Al Optimization: Machine learning algorithms to predict ideal drying parameters

based on cocoon types.

Energy Storage: Solar battery systems to operate at night or during cloudy

conditions.
Scalability: Customizable models for household, medium, and industrial-scale use.

Material Innovation: Heat retention materials and insulation upgrades to improve

thermal efficiency.

By investing in R&D, this system can evolve into a flagship model for post-harvest

automation in Uzbekistan.
Conclusion

The automated solar-powered silkworm cocoon drying system provides a
revolutionary step toward sustainable sericulture. Through the intelligent use of natural
solar energy and smart automation, it ensures reliable cocoon drying while significantly

reducing energy costs and environmental impact.

This solution aligns with Uzbekistan’s strategic goals in renewable energy adoption
and modernization of rural agriculture. It empowers farmers with technology, minimizes

waste, and maximizes product quality. Its modular and scalable design makes it suitable
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for various environments, and its adaptability paves the way for broader applications

across the agricultural sector.

As technology advances, such systems will not only support the local silk industry

but also serve as a model for sustainable agricultural processing worldwide.
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