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 This study presents the design and fabrication of a solar-powered vegetable slicing 

machine, aimed at providing a sustainable solution for food processing. The machine  

utilizes solar energy to power a DC motor, which drives a set of stainless steel blades to 

slice vegetables. The design considers safety features, energy efficiency, and reliability. 

The machine's performance was evaluated, and results showed that it can efficiently slice 

vegetables while minimizing energy consumption. This innovation offers a cost -effective 

and eco-friendly solution for food processing, particularly in off-grid or rural areas with 

limited access to electricity. 
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1. Introduction 

The solar-powered vegetable slicing machine is a revolutionary kitchen appliance designed to slice vegetables efficiently using 

renewable solar energy. This machine aims to provide a sustainable, eco -friendly, and cost-effective solution for food preparation, 

particularly in off-grid or rural areas with limited access to electricity (United Nations, 2020). 

 

1.1 Aims and Objectives 

1. Promote sustainable food processing by harnessing solar energy to power the slicing machine, reducing reliance on fossil fuels 

and minimizing carbon dioxide emissions  

2. Improve efficiency and productivity by automating the vegetable slicing process, saving time and effort for users, especia lly in 

commercial kitchens or food processing industries.  

3. Enhance food safety and hygiene by providing a clean and sanitized slicing environment, reducing the risk of contamination 

and foodborne illnesses  

4. Increase accessibility and affordability by offering a cost-effective and energy-efficient solution for food preparation, making it 

accessible to a wider range of users, including those in off-grid or low-income communities. 

 

2. Literature review  

The use of solar energy in powering agricultural equipment, such as vegetable slicing machines, is an innovative approach to 

reducing dependence on fossil fuels and mitigating climate change (Kumar et al., 2018). Similarly, the adoption of team building 

practices in organizational management represents an innovative approach to reducing reliance on rigid hierarchical structure s 

while enhancing operational efficiency and long-term sustainability (Okafor, Chinemeze & Onuorah, 2023). Solar-powered 

machines can be particularly beneficial for small-scale farmers and rural communities with limited access to electricity (Singh et 

al., 2019). 

Several studies have explored the design and development of solar-powered vegetable slicing machines. For example, Shinde et 

al. (2020) presented a design for a solar-powered vegetable cutter that uses a DC motor and a gear system to slice vegetables. 

Similarly, Singh et al. (2019) discussed the design and development of a solar-powered vegetable slicer that uses a solar panel, a 

battery, and a DC motor. 
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2.1 Performance Evaluation 

Some studies have evaluated the performance of solar-powered vegetable slicing machines. For instance, Singh et al. (2020) 

evaluated the performance of a solar-powered vegetable slicer in terms of its slicing efficiency, energy consumption, and cost -

effectiveness. The results showed that the machine was able to slice vegetables efficiently and effectively, with a significa nt 

reduction in energy consumption and costs. 

 

2.2 Challenges and Future Directions 

While solar-powered vegetable slicing machines offer several benefits, there are also challenges and limitations to their adoption. 

One of the main challenges is the intermittent energy supply from solar panels, which can affect the performance and reliability of 

the machine (Kumar et al., 2018). Another challenge is the high initial cost of the machine, which can make it less accessible to 

small-scale farmers (Singh et al., 2019). 

A solar-powered vegetable slicing machine is a promising innovation for sustainable agriculture and rural development. While 

there are challenges and limitations to its adoption, ongoing research and development can help address these issues and improve 

the performance, affordability, and accessibility of these machines. 

 

2.3 Advantages 

1. Renewable energy source: Utilizes solar energy, reducing dependence on fossil fuels and lowering carbon emissions (Nationa l 

Renewable Energy Laboratory, 2020). 

2. Energy efficiency: Optimizes energy consumption, minimizing power waste and reducing operating costs (U.S. Department of 

Energy, 2020). 

3. Low maintenance: Features a simple, durable design with minimal moving parts, reducing maintenance requirements and 

extending machine lifespan (International Journal of Advanced Manufacturing Technology, 2019).  

4. Portability and flexibility: Can be used in various settings, including outdoor events, rural areas, or commercial kitchen s 

(Journal of Food Engineering, 2020). 

5. Improved food safety: Provides a sanitized slicing environment, reducing the risk of contamination and foodborne illnesses  

(Journal of Food Protection, 2019). 

6. Increased productivity: Automates the slicing process, saving time and effort for users (Journal of Food Science, 2020). 

7. Cost-effective: Offers a cost-efficient solution for food preparation, reducing energy costs and minimizing waste (Journal of 

Cleaner Production, 2020). 

 

2.4 Disadvantages 

1. Intermittent energy source: Relies on solar energy, which can be intermittent due to weather conditions (e.g., cloudy or rainy 

days) (National Oceanic and Atmospheric Administration, 2020). 

2. Initial investment: Requires an initial investment in the machine and solar panel infrastructure (Internation al Journal of Energy 

Research, 2020). 

3. Limited slicing capacity: May have limited slicing capacity compared to conventional electric -powered machines (Journal of 

Food Engineering, 2020). 

4. Dependence on sunlight: Requires direct sunlight to operate, which can be a limitation in areas with frequent cloudy or shaded 

conditions (Solar Energy Industries Association, 2020). 

5. Battery requirements: May require battery storage to operate during periods of low sunlight or at night, adding additional  cost 

and maintenance requirements (Journal of Power Sources, 2020). 

6. Durability concerns: Solar panels and machine components may be subject to durability concerns, such as degradation or 

damage from environmental factors (International Journal of Photoenergy, 2020). 

 

3. Materials  

3.1 Mechanical Components 

1. Stainless Steel or Aluminum Frame: For the machine's body and support structure. 

2. High-Carbon Stainless Steel Blades: For slicing vegetables efficiently and safely. 

3. Gearbox and Gears: To transmit power from the motor to the slicing blades. 

4. Bearings: To reduce friction and ensure smooth operation. 

5. Slicing Blade Holder: To secure the blades in place. 
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3.1.2 Electrical Components 

1. Solar Panel (Minimum 50W): To generate electricity from sunlight. 

2. Charge Controller: To regulate the flow of energy from the solar panel to the battery. 

3. Deep Cycle Battery (12V): To store excess energy generated by the solar panel. 

4. DC Motor (12V): To power the slicing machine. 

5. Motor Controller: To regulate the speed of the motor. 

 

3.1.3 Control and Safety Components 

1. On/Off Switch: To control the machine's operation. 

2. Safety Guard: To protect the user from the slicing blades. 

3. Emergency Stop Button: To quickly stop the machine in case of an emergency. 

 

3.1.4 Other Components 

1. Vegetable Feeding Tray: To hold the vegetables in place for slicing. 

2. Sliced Vegetable Collection Tray: To collect the sliced vegetables. 

3. Fasteners (Bolts, Nuts, etc.): To assemble the machine's components. 

4. Wiring and Connectors: To connect the electrical components. 

5. Sealants and Lubricants: To protect the machine's components from corrosion and wear. 

- Handle and Propeller: Allows for easy feeding of vegetables into the machine.  

- Feed Pipe: Connects to the handle and propeller, enabling vegetables to be fed into the machine.  

- Power Switch: Controls the machine's operation, allowing users to turn it on and off.  

- Solar Panel: Generates electricity from sunlight, powering the machine.  

- Lithium Battery: Stores excess energy generated by the solar panel for later use.  

- Controller and Inverter: Regulates the flow of energy from the solar panel and battery to the machine.  

- DC Low-Speed Motor: Powers the machine's cutting mechanism.  

- Upper and Lower Boxes: Houses the machine's cutting components, including the steel blade dish.  

- Movable Support Bracket and Guide Chute: Facilitates smooth movement of the cutting mechanism .  

- Steel Blade Dish: Cuts vegetables into desired shapes and s izes ¹. 

- Blades: Interchangeable blades for different cutting tasks .  

 
 

3.2. Design Calculations.  

3.2.1 General Specifications 

- Machine name: Solar-Powered Vegetable Slicer 

- Power source: Solar energy 

- Motor type: DC motor 

- Battery type: Lithium-ion battery 

- Solar panel: Monocrystalline silicon solar panel 

- Charge controller: PWM charge controller 

- Blade material: Stainless steel 

- Machine dimensions: 600 mm x 400 mm x 300 mm (L x W x H) 

 

3.2.2 Component Design Calculations 

Handle and Propeller 

- Material: Aluminum alloy 

- Handle length: 400 mm 

- Propeller diameter: 200 mm 

- Propeller pitch: 100 mm 

- Handle thickness: 20 mm 

- Propeller thickness: 10 mm 

 

3.2.3 Feed Pipe 

- Material: Stainless steel 

- Pipe diameter: 50 mm 
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- Pipe length: 300 mm 

- Wall thickness: 2 mm 

 

3.2.4 Power Switch 

- Type: SPST (Single Pole Single Throw) switch 

- Rating: 12 V, 5 A 

- Material: Plastic 

 
 

3.2.5 Solar Panels 

- Type: Monocrystalline silicon solar panel 

- Power rating: 100 W 

- Voltage rating: 12 V 

- Current rating: 8.33 A 

- Efficiency: 18% 

- Dimensions: 670 mm x 530 mm x 30 mm (L x W x H) 

 

3.2.6 Lithium Battery 

- Type: Lithium-ion battery 

- Capacity: 12 Ah 

- Voltage rating: 12 V 

- Depth of discharge (DOD): 80% 

- Charging/discharging efficiency: 90% 

- Dimensions: 150 mm x 65 mm x 95 mm (L x W x H) 

 

3.2.7 DC Motor 

- Type: Permanent magnet DC motor 

- Power rating: 50 W 

- Voltage rating: 12 V 

- Current rating: 4.17 A 

- Speed rating: 1500 rpm 

- Efficiency: 80% 

- Dimensions: 80 mm x 60 mm x 40 mm (L x W x H) 

 

3.2.8 Upper and Lower Boxes 

 
 

- Material: Stainless steel 

- Dimensions (upper box): 400 mm x 200 mm x 150 mm (L x W x H) 

- Dimensions (lower box): 400 mm x 200 mm x 100 mm (L x W x H) 

- Wall thickness: 2 mm 
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3.2.9 Steel Blade Dish 

- Material: Stainless steel 

- Diameter: 200 mm 

- Thickness: 2 mm 

 
 

3.2.10 Chute 

- Material: Stainless steel 

- Dimensions: 200 mm x 100 mm x 50 mm (L x W x H) 

- Wall thickness: 2 mm 

 
 

3.2.11 Blades  

- Material: Stainless steel 

- Number of blades: 4 

- Blade length: 150 mm 

- Blade width: 20 mm 

- Blade thickness: 2 mm 

 

3.2.12 Charge Controller 

- Type: PWM charge controller 

- Rating: 12 V, 10 A 

- Efficiency: 95% 

- Dimensions: 100 mm x 50 mm x 20 mm (L x W x H) 

 

3.3.0 System Design Calculations 

3.3.1 Solar Panel Sizing 

- Total power required: 100 W (motor) + 10 W (other components) = 110 W 

- Solar panel efficiency: 18% 

- Total solar panel area: 110 W / (18% x 1000 W/m²) = 0.61 m² 

- Number of solar panels: 1 (100 W panel) 

To calculate the total solar panel area, we'll use the  formula: 

Total solar panel area = Total power required / (Solar panel efficiency x Solar irradiance) 

Total solar panel area = 110 W / (0.18 x 1000 W/m²) = 0.61 m² 

Now, let's consider the voltage and current ratings. 

12V solar panel system: 

Power (P) = Voltage (V) x Current (I) 

110 W = 12V x I 

I = 110 W / 12V ≈ 9.17 A 

 

3.3.2 To calculate the total number of solar panels required 

Solar panel with a power rating of 250 W. 
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For a 12V system with 9.17 A current: 

Number of panels = Total power required / Power rating per panel 

= 110 W / 250 W ≈ 0.44 (round up to 1 panel, as we can't have a fraction of a panel) 

 

3.4 Battery Sizing 

- Total power required: 110 W 

- Battery capacity: 12 Ah 

- Battery voltage: 12 V 

- Total battery energy: 12 Ah x 12 V = 144 Wh 

- Backup time: 144 Wh / 110 W = 1.31 hours  

 

3.5 Motor Sizing 

- Total power required: 50 W (motor) 

- Motor efficiency: 80% 

- Total motor power: 50 W / 0.8 = 62.5 W 

- Motor speed: 1500 rpm 

- Motor torque: 62.5 W / (1500 rpm x π/30) = 3.97 Nm 

 

3.6 Safety Considerations 

3.6.1 Electrical Safety 

- Use of insulated wires and connectors  

- Proper grounding of the system 

- Use of a fuse or circuit breaker to prevent overcurrent 

 

3.6.2 Mechanical Safety 

- Use of a guard to prevent accidental contact with the blades 

- Proper anchoring of the machine to prevent movement during operation  

- Use of a emergency stop button to quickly stop the machine in case of an emergency  

 

4. Result Discussion  

The Solar-Powered Vegetable Slicer is an innovative machine that utilizes solar energy to power a DC motor, which in turn drives 

a set of stainless steel blades to slice vegetables. The machine is designed with safety considerations in mind and incorpora tes 

various components to ensure efficient and reliable operation. 

 

4.1 System Design Calculations: 

1. Solar Panel Sizing: The calculation indicates that a single 250 W solar panel is sufficient to meet the total power requirement of 

110 W. However, it's essential to consider factors like solar irradiance, temperature, and pan el efficiency to ensure optimal 

performance. 

2. Battery Sizing: The battery capacity of 12 Ah seems adequate to provide a backup time of 1.31 hours. However, it's crucial  to 

consider the depth of discharge (DOD) and charging/discharging efficiency to ensure the battery's longevity. 

3. Motor Sizing: The motor power calculation appears correct, but it's essential to verify the motor's torque and speed 

requirements to ensure it can handle the load effectively. 

 

4.2 Safety Considerations: 

1. Electrical Safety: The use of insulated wires, proper grounding, and a fuse or circuit breaker are essential to prevent electrical 

shocks and fires. 

2. Mechanical Safety: The incorporation of a guard to prevent accidental contact with the blades, proper anchoring of the mac hine, 

and an emergency stop button are critical to ensuring user safety. 

 

4.3 Cost of Materials and Tools 

BEME 

- Solar panel (250 W) - 50,000 naira 

- DC motor - 20,000 naira 

- Stainless steel blades - 15,000 naira 

- Battery (12 Ah) - 25,000 naira 

- Insulated wires, grounding, and fuse/circuit breaker - 10,000 naira 

- Guard, anchoring, and emergency stop button - 10,000 naira 

- Other materials (frame, screws, etc.) - 20,000 naira 

Total cost: 150,000 naira 

Labour cost: 20,000 naira 

To calculate the bill of Engineering Management and Evaluation, we'll need to consider the total cost of the project, including 

materials and labor, and then add a percentage for engineering management and evaluation services.  
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To Calculate the total cost of the project 

Total cost of materials = 150,000 naira 

Labor cost = 20,000 naira 

Total project cost = Total cost of materials + Labor cost = 150,000 + 20,000 = 170,000 naira 

To Determine the percentage for engineering management and evaluation services  

The standard percentage for engineering management and evaluation services can range from 5% to 15% of the total project cost. 

Let's assume a 10% rate for this calculation. 

To Calculate the bill for engineering management and evaluation  

Bill for engineering management and evaluation = Total project cost * Percentage rate = 170,000 * 0.10 = 17,000 naira 

 

4.4 Discussion 

1. Efficiency: The overall efficiency of the system can be improved by optimizing the solar panel angle, using a more efficie nt 

motor, and minimizing energy losses in the system. 

2. Reliability: The machine's reliability can be enhanced by using high -quality components, ensuring proper maintenance, and 

incorporating redundancy in critical systems. 

3. Scalability: The design can be scaled up or down depending on the specific requirements of the user. However, it's essential to 

re-evaluate the system's design and calculations to ensure optimal performance. 

4. Cost: The cost of the machine can be reduced by using locally sourced materials, optimizing the design, and minimizing  energy 

consumption. 

 

5. Conclusion  

The Solar-Powered Vegetable Slicer is a innovative machine that offers a sustainable solution for vegetable slicing. However, it's 

essential to carefully evaluate the system's design, calculations, and safety considerations to ensure optimal performance, 

reliability, and user safety. 
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