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Abstract- The preservation of food is essential in mitigating deterioration. Dehydration represents one of the most reliable 

techniques for extracting moisture from food. This method not only helps prevent spoilage and reduce post-harvest waste—an 

issue critical for small-scale farmers—but also proves to be economically advantageous by decreasing packaging and 

transportation costs. Additionally, it enhances food quality by retaining the majority of its nutrients. Several techniques, such 

as hot air drying, microwave-assisted drying, heat pump drying, and solar drying, are commonly utilized in the dehydration of 

vegetables. However, these methods are energy-demanding, prompting the need for more sustainable alternatives. Renewable 

energy solutions are necessary to minimize energy consumption while achieving comparable results. To address this challenge, 

a low-energy, portable, modular, and cost-effective dehydrator for fruits and vegetables was developed. This device primarily 

operates using solar energy but can also connect to the electrical grid when required, ensuring reliable functionality despite 

fluctuating environmental conditions. The development focused on optimizing the dehydration procedure by considering 

factors like product integrity, processing duration, costs, energy efficiency, and retention of flavor and aroma. The design was 

refined through iterative modelling using Computational Fluid Dynamics (CFD) simulations. This involved adjusting the air 

circulation velocity and temperature to accommodate the specific product being dehydrated, as well as real-time outdoor 

temperature and solar radiation conditions. The system’s operation is further optimized by continuously monitoring the 

external humidity and temperature and adjusting its settings to fulfil the dehydration requirements. Another notable feature is 

the ability to function autonomously under ideal conditions, relying exclusively on solar energy, or with minimal electrical 

input when conditions are less favourable, thus significantly reducing overall energy demand. 

Keywords Food preservation, energy-saving dehydration, solar energy utilization, sustainable drying techniques, reduction of 

post-harvest waste. 

 

1. Introduction 

Vegetable dehydration presents several challenges, 

including high energy consumption, dependence on fossil 

fuels, limited accessibility to efficient technologies, and 

significant post-harvest losses. In rural areas with restricted 

access to electricity from the public grid, traditional methods 

such as sun drying are frequently used, which can 
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compromise product quality. On the other hand, electric 

alternatives are costly and have negative environmental 

impacts. Given these limitations, it is essential to develop 

low-cost and energy-efficient solutions, such as dehydration 

powered by solar thermal and photovoltaic energy, which 

contribute to reducing losses, improving product quality, and 

promoting sustainability, particularly in regions with limited 

access to electricity. This research aims to address these 

challenges by exploring innovative and sustainable methods 

for food dehydration. Food dehydration utilizing non-

mechanical methods, such as the application of solar energy, 

is extensively used for products with a moisture content 

exceeding 2.5% [1,2], including items with moisture levels 

around 90%, such as fruits and vegetables. For example, 

watermelon has an approximate moisture content of 93% [3]. 

Food drying has served as a dependable and natural 

preservation technique since antiquity [3,4]. The adoption of 

renewable energy sources, especially solar power, for the 

dehydration and preservation of food has proven to be highly 

efficient [3,5], positioning it as one of the most beneficial 

methods, particularly in terms of energy conservation. Solar 

dehydration offers numerous advantages, including 

decreased processing time and energy expenditure [6], 

enhanced product quality [3,7], and a favourable 

environmental impact [8], as it avoids contributing to global 

warming by relying on renewable resources instead of fossil 

fuels [8,9]. The dehydration process removes water, allowing 

for extended food storage. This method is straightforward, 

cost-effective, and commercially viable, as it reduces the 

weight of packaging and transportation while extending the 

shelf life of the product [10]. Additionally, post-harvest 

losses are notably minimized, improving food quality and 

subsequently fostering economic growth and employment 

opportunities, provided that suitable drying technologies are 

applied [9,11]. The effectiveness of the dehydration process 

is influenced by three primary factors: temperature, relative 

humidity, and air velocity [12]. Temperature regulation is 

crucial for removing moisture from the food efficiently 

without damaging its thermal properties. The relative 

humidity of the air must be kept low to enhance the 

absorption of evaporated water [13,14]. Furthermore, the 

moisture-laden air must be continuously expelled from the 

drying chamber, which is achieved by controlling air velocity 

and ensuring uniform air distribution within the system. Food 

dehydration can be performed using solar radiation, electric 

dehydrators, or furnaces, with the appropriate operational 

parameters (temperature, humidity, and air velocity) applied 

based on the specific food being dehydrated [15,16]. Table 1 

outlines the recommended temperature ranges for 

dehydration based on the type of horticultural product. 

Table 1. Temperature ranges for dehydration of different 

horticultural products [adapted from 4] 

Class of Horticultural Items Drying Heat Temperature 

(°C) 

Herbs 35 

Vegetables 52 

Fruits 57 

 

The velocity of airflow during the dehydration process 

can reach up to 1.5 m/s [4,17]. Managing this factor is a 

significant advantage, as it directly impacts both the relative 

humidity of the air and the temperature within the drying 

chamber [15,17]. Several techniques exist to facilitate the 

dehydration of vegetables, including the application of 

heated air, microwave energy, ultrasonic waves, heat pump 

drying, and solar drying. A detailed review of these methods 

can be found in [18,19]. Nonetheless, in the current context, 

the adoption of renewable energy sources for this purpose is 

becoming an increasingly viable alternative, though there is 

limited research on this application. As heat generation is 

necessary for the process, the use of solar thermal and 

photovoltaic systems offers a promising solution. The 

adoption of renewable energy sources has been widely 

implemented across various applications, playing a crucial 

role in the transition towards a more sustainable energy 

system [20-22]. The integration of these technologies is 

essential for achieving the targets set by international energy 

and climate agreements, fostering the reduction of carbon 

emissions and decreasing reliance on fossil fuels [23-24]. 

The combined use of solar thermal and photovoltaic systems 

has been extensively studied and applied in various fields, 

including air-source heat pumps, refrigeration systems, and 

combined heat and power systems [25-27]. This study will 

concentrate on vegetable dehydration, specifically focusing 

on a system powered by renewable energy. The aim is to 

design a low-energy dehydrator for fruits and vegetables that 

is portable, modular, and cost-effective. To eliminate reliance 

on non-renewable energy sources, a system was developed 

that operates solely on solar thermal and photovoltaic energy. 

2. Dehydration Through Solar Energy 

2.1. Fundamental Principles 

Solar dehydration employs solar radiation to increase air 

temperature, enabling the removal of moisture from food 

products. During this process, the dehydrated materials 

undergo modifications in both their structural properties and 

nutritional composition due to heat and mass transfer 

phenomena [5,17]. To achieve high efficiency, advanced 

solar collection systems, such as solar collectors, are 

required. As the air is heated, its relative humidity decreases, 

allowing it to absorb and transport the moisture released by 

the food. The controlled movement of air within the drying 

chamber is essential to facilitate moisture removal and 

enhance the drying process. The dehydration mechanism 

consists of two distinct phases. The initial phase involves the 

evaporation of surface moisture from the food’s outer layers. 

In the subsequent phase, internal moisture migrates from the 

deeper layers toward the surface, where it evaporates. Figure 

1 presents a schematic representation of these two 

dehydration stages. 
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Fig. 1. Drying rate versus moisture content [adapted from 5]. 

2.2. Categorization of Solar Dehydrators 

Solar dehydrators are categorized into two main types 

based on the presence or absence of mechanical airflow 

assistance. Systems that do not incorporate mechanical 

components for air circulation are classified as passive 

dehydrators, whereas those that utilize mechanical devices, 

such as fans or pumps, are referred to as active dehydrators. 

Passive dehydrators are further divided into direct and 

indirect types [7]. The key distinction between these two 

systems lies in whether the food is directly exposed to solar 

radiation (direct passive dehydrators) or shielded from it 

(indirect passive dehydrators). Figure 2 illustrates the 

different classifications of solar dehydrators [5]. 

 

Fig. 2. Categorization of Solar Dehydration Systems 

[adapted from 5]. 

In direct solar dehydrators, the drying chamber is 

enclosed with transparent materials such as glass or plastic, 

incorporating vents to facilitate air circulation. Conversely, 

in indirect passive solar dehydrators, the food is placed 

inside a well-insulated drying compartment, where a solar 

collector is used to heat incoming air, reducing its relative 

humidity and enhancing moisture absorption. In these 

systems, air circulation occurs through natural convection, 

with external air intake positioned at a lower level than the 

exhaust outlet to promote airflow efficiency. For active solar 

dehydrators, air movement is mechanically controlled using a 

small fan or, in larger-scale systems, an air circulation pump 

to distribute heated air uniformly. From a thermodynamic 

perspective, active systems demonstrate higher efficiency by 

accelerating the dehydration process [6], enabling the 

simultaneous drying of larger quantities of food. Studies 

indicate that active dehydrators can reduce drying time by up 

to 1.5 times compared to passive systems while maintaining 

environmental sustainability, as they do not produce harmful 

emissions [6]. 

2.3. Potential Challenges of Solar Dehydrators 

Although solar dehydration is a widely used and cost-

effective technique in the food industry due to its simplicity 

compared to other drying methods [7], it presents certain 

limitations, primarily related to the requirement for elevated 

temperatures. Excessive heat exposure often results in a 

decrease in the water absorption capacity and bulk density of 

fruits and vegetables, leading to nutrient degradation, 

alterations in flavor and texture, and undesirable physical and 

biochemical changes [4,6,7]. Additionally, direct solar 

dehydration can be an inefficient and inconsistent process, as 

it heavily depends on meteorological conditions. The absence 

of solar radiation during nighttime further limits its 

operational continuity, increasing the total drying time and 

potentially compromising product quality. Given these 

constraints, integrating solar energy with a complementary 

energy source emerges as an optimal solution to enhance 

process reliability and ensure consistent dehydration 

performance, regardless of weather variations. 

3. The Innovative Solar Dehydrator 

3.1.  Overview of the Proposed System  

The proposed solar dehydrator was developed with the 

aim of ensuring continuous operation regardless of climatic 

conditions, through the utilization of renewable energy 

sources, namely thermal and photovoltaic solar power. By 

harnessing solar energy, this equipment offers an efficient 

and sustainable solution for the dehydration of fruits and 

vegetables, adapting to varying weather conditions while 

contributing to the reduction of non-renewable energy 

consumption. Furthermore, when available solar energy is 

insufficient for continuous operation, the dehydrator can 

switch to conventional electrical power, ensuring its 

operation even during prolonged periods of low solar 

irradiance. The dehydration system is composed of a drying 

chamber connected to a solar thermal collector, a 

photovoltaic panel, an electric heating element, fans for 

improved air circulation, motorized actuators or valves for 

regulating air dampers, as well as temperature and humidity 

sensors. An automation system is also included to maintain 

optimal operational conditions. The thermal solar energy, 

captured by the solar panel, is used to heat the air circulating 

inside the dehydration chamber, contributing to the drying 

process of the products, provided that climatic conditions 

allow. The photovoltaic (PV) panel, in turn, supplies 

electrical power to charge the batteries that power the 

auxiliary devices of the dehydrator, such as air circulation 

fans, the system controller, heating elements, and motorized 

actuators. This utilization of solar energy to charge the 

batteries is essential for ensuring the self-sustaining 

operation of the equipment during the day, maximizing the 

use of renewable energy and minimizing dependence on the 

electrical grid. When solar energy is insufficient to maintain 
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the desired temperature in the chamber, the system relies on 

the electric heating element, which works in conjunction 

with the solar panel to ensure that the air is heated to an 

optimal level for dehydration. This heating element operates 

only when necessary, contributing to efficient energy 

management. The use of solar heating as the primary energy 

source enhances the sustainability of the system, with the 

electric resistance serving as a supplementary solution, 

activated only when climatic conditions are unfavourable. 

Additionally, the system is designed to optimize air 

circulation within the dehydration chamber. The fans, 

controlled by the system, allow for the adjustment of air flow 

speed, promoting uniform and efficient dehydration. The 

register actuator is responsible for regulating the intake and 

exhaust of air, controlling the internal conditions of the 

chamber. Temperature and humidity sensors constantly 

monitor the environmental parameters, ensuring that the 

dehydration process remains efficient and within the required 

levels. The control module centralizes all system functions, 

monitoring and adjusting temperature, humidity, air speed, 

and airflow, ensuring that all components operate in a 

coordinated and efficient manner. This intelligent control 

system contributes to the sustainability of the dehydrator by 

optimizing resource usage, minimizing energy waste, and 

ensuring the efficiency of the dehydration process. In 

summary, the proposed solar dehydrator is an efficient and 

sustainable solution that predominantly utilizes renewable 

energy and resorts to conventional energy only when 

necessary, ensuring continuous operation while reducing the 

environmental impact associated with the dehydration of 

fruits and vegetables. A schematic of the proposed system is 

presented in Figure 3. 

 

Fig. 3. Scheme of proposed system. 

The system is governed by DC-DC converters and an 

Arduino control board. These converters manage the energy 

provided by the photovoltaic panel and control the operation 

of the DC motor fans and heating resistor. The control 

mechanism incorporates several temperature and humidity 

sensors located both inside and outside the system, along with 

motorized actuators/valves and fans to regulate the optimal 

conditions within the dehydration chamber for efficient food 

drying. The Arduino control board, equipped with a 

microprocessor, oversees the coordination of these 

components.The system uses DHT22 model sensors for 

temperature and humidity, and a set of four 12 V fans 

connected in parallel, which are controlled via a 24 V Pulse 

Width Modulation (PWM) signal, supporting a 50W heating 

resistor.The motorized actuators/valves operate at 24 V and 

are controlled by position feedback from a 0-10 V analog 

input, with this control voltage being generated through PWM 

outputs functioning as a digital-to-analog converter (DAC). 

The hardware control functions were programmed using the 

open-source Arduino IDE 1.6.11 software. The critical 

parameters monitored in this system include Temperature (T, 

°C), Relative Humidity (RH, %), and Air Velocity (V, m/s). 

The dehydrator described in this work can adjust these three 

parameters, with two being actively controlled (temperature 

and air velocity) and one passively controlled (relative 

humidity). This design helps prevent product degradation due 

to environmental factors such as wind, rain, dust, moisture, 

and animal interference, unlike open-air sun drying (OASD) 

and direct sunlight drying (DSD). Furthermore, the risk of 

biochemical or microbiological contamination is significantly 

minimized [10]. 

3.2. Optimization of the Process 

Optimizing the dehydration process requires balancing 

several factors, including product quality, drying time, 

operational cost, energy efficiency, and preservation of flavor 

and aroma. The developed dehydration system is capable of 

enhancing all these aspects by regulating the air temperature 

and airflow velocity during the drying process, which are 

adjusted based on external conditions such as ambient 

temperature, solar radiation, and the specific type of food 

being dehydrated. Optimization is achieved by monitoring 

both the external environmental parameters (temperature and 

humidity) and the internal conditions (inlet and outlet air 

within the dehydration chamber). The control system uses this 

information to manage the balance between recirculated air 

and fresh airflow, ensuring the most efficient and effective 

drying conditions. 

3.3. Eco-Friendly Design and Assembly 

The equipment was designed and assembled with 

sustainability in mind, utilizing environmentally conscious 

materials and avoiding the use of adhesives, coatings, or any 

hazardous surface treatments. All joining and fastening 

methods are purely mechanical, further promoting an eco-

friendly and safe construction. 

3.4. Mobility of the Equipment 

The equipment is lightweight and equipped with fully 

adjustable wheels, making it easy to position and orient. This 

flexibility in movement enables the system to be placed 

optimally for maximum solar efficiency, taking advantage of 

the ideal solar orientation based on solar time, and adjusting to 

the specific needs of the production process at any given time. 
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3.5. Principle of Operation 

The effectiveness of the dehydration process is contingent 

upon the precise regulation of several variables within the 

chamber: relative humidity, air temperature, airflow velocity, 

and the adjustment of air register positions. These parameters 

are controlled by the system’s central controller. The process 

involves circulating heated air around the food arranged on the 

shelves within the dehydration chamber. Ideal operating 

conditions are generally characterized by high temperatures, 

moderate airflow, and low relative humidity. Inside the 

chamber, it is critical to ensure the continuous circulation of 

warm air with low moisture content.A key innovation of this 

system is its ability to alternate between using external fresh 

air or recirculated air within the chamber, depending on the 

weather conditions. The system can function with solely fresh 

air, a mix of fresh and recirculated air, or completely 

recirculated air, with the specific air type selected based on the 

position of the actuators and motorized valves (as depicted in 

Figure 4).Further enhancing the system’s flexibility, it is 

equipped with variable-speed fans. These fans can be adjusted 

to facilitate either rapid dehydration, which shortens the drying 

time, or slower dehydration, which may improve the flavor 

and aroma of the food. The fans are essential for controlling 

the airflow velocity to achieve the desired dehydration 

results.Regarding energy usage, the dehydrator operates in a 

hybrid mode, primarily utilizing renewable energy when 

conditions are favorable. In cases of adverse weather, the 

system switches to conventional electrical power, ensuring the 

dehydration process remains consistent and efficient, while 

minimizing overall energy consumption. 

External Air Configuration 

The system enters the 100% external air (fresh air) mode 

(Figure 4-a) when favorable environmental conditions are met, 

including high temperatures, gentle winds, and low humidity, 

typically observed during dry or summer periods. In this 

setting, the outside air is drawn in through an intake at the 

bottom of the solar panel. Due to solar radiation, the air rises 

naturally via convection and reaches the entry point of the 

dehydration chamber. Within the chamber, the air is circulated 

primarily through natural convection, supplemented by air 

blowers situated at the lower part of the chamber, which direct 

the air outward.The intake vents at the base of the solar panel 

are activated to allow fresh air to enter, while the exhaust vents 

downstream of the air circulation fans are also triggered to 

expel the air. These vents are controlled by two motorized 

actuators/valves, which are managed by the system's 

controller. 

Air Recirculation Mode 

When external conditions are not suitable for using 100% 

fresh air, such as in winter or during cold, overcast, and 

relatively dry weather, the system switches to recirculating air 

within both the chamber and the solar panel (Figure 4-b). In 

this scenario, the air flows through the system, rising within 

the solar panel due to natural convection induced by solar 

radiation, reaching the inlet of the dehydration chamber. Inside 

the chamber, the air is pushed downward by fans located at the 

lower section, and it is then cycled back to the intake of the 

solar panel.During this process, the intake and exhaust vents 

are sealed, preventing external air from entering and internal 

air from exiting, until the sensors detect that the circulating air 

has become saturated with moisture. At this point, the air must 

be replaced with drier air from the outside, even if it is cooler. 

If the desired temperature inside the chamber cannot be 

achieved by the thermal solar panel alone, it can be 

supplemented by the heating element. 

Combined Air Mode 

The hybrid air mode is intended for conditions that are 

neither excessively cloudy nor humid. In such cases, a portion 

of the recirculated air is reused, while fresh air is introduced 

into the dehydration chamber, creating a mixture of both air 

sources. This combination of recirculated and fresh air rises 

through the solar collector, propelled by natural convection 

induced by solar radiation heating the collector (and 

potentially the heating element), and subsequently reaches the 

intake of the dehydration chamber. The fans positioned at the 

lower part of the chamber guide the air downward.To allow 

for the replacement of some of the air with fresh air, the intake 

vent at the bottom of the chamber is engaged, while the 

remaining air is directed toward the solar panel intake, where it 

mixes again with fresh air. The control unit regulates the 

dampers according to the readings from the temperature and 

humidity sensors, ensuring proper management of the inlet and 

outlet airflow (see Figure 4-c). 
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Fig. 4. Functioning modes: (a) external air setting; (b) 

recirculated air setting; (c) mixed air setting. 

4. Simulation of Fluid Dynamics Using Computational 

Methods 

4.1. Overview 

The design of the dehydration chamber was subjected to a 

computational fluid dynamics (CFD) simulation to explore and 

optimize the efficiency of the dehydration process. ANSYS 

Fluent software [6] was selected to carry out this detailed 

numerical analysis, focusing on examining and refining the 

airflow patterns and distribution within the drying 

compartment to enhance overall drying performance. 

4.2. Simulation Model 

Two models based on turbulence equations can be used to 

calculate the characteristic scales of turbulence by solving two 

independent transport equations. Since Launder and Spalding 

proposed it, the conventional k-model in ANSYS Fluent has 

been the go-to tool for real-world engineering flow 

calculations. [28]. The widespread adoption of this model in 

industrial simulations of flow and heat transfer is due to its 

robustness, cost-effectiveness, and sufficient accuracy across a 

wide variety of turbulent flows. Recognized as a semi-

empirical method, the model’s equations are based on 

phenomenological principles and empirical data. he standard 

model utilizes transport equations for turbulent kinetic energy 

(k) and its dissipation rate (ε) [29-31]. The exact equation is 

used to form the model's governing equation, while the 

governing equation itself was created through physical 

reasoning, without direct reference to its mathematically 

accurate equivalent. As the model assumes fully turbulent flow 

with minimal influence from dynamic molecular viscosity, it is 

only applicable to entirely turbulent flows. To overcome this 

limitation, the RNG model was introduced to improve the 

simulation model's performance [32-34]. 

4.3. Boundary conditions Specifications 

To develop a prototype, the numerical simulation 

concentrated primarily on the dehydration chamber, 

specifically the airflow within it. Temperature serves as the 

central driving factor in the dehydration process, with the even 

distribution of heat throughout the chamber being essential. 

This uniformity is facilitated by the airflow, which is a crucial 

element for ensuring effective food processing. It guarantees 

consistent dehydration, preserving the properties and quality of 

all products placed on various shelves. With this goal in mind, 

the following initial boundary conditions were established: 

Inlet flow velocity: 0.1 and 2.9 m/s for different scenarios; and 

Outlet conditions: Outflow. 

4.4. Simulation Outcomes 

The computational fluid dynamics (CFD) simulation 

enabled the analysis of airflow velocity distribution within the 

dehydration chamber, allowing for the verification of the 

correct placement of equipment to maximize system 

efficiency. Figure 5 presents the numerical simulation results, 

highlighting variations in air velocity and its distribution 

throughout the chamber. 

 

Fig. 5. CFD velocity results. 

The results indicated that the airflow velocity inside the 

chamber remained below 1.5 m/s, with even lower values near 

the shelves containing the product, where velocities below 

0.375 m/s were recorded. As expected, an increase in velocity 

was observed in the area near the fan, reaching approximately 

0.5 m/s at both the chamber inlet and outlet. This velocity 

distribution suggests a relatively uniform airflow, promoting 

an efficient drying process without excessive particle 

displacement or significant variations in moisture removal 

rates.The analysis of different scenarios allowed for the 

optimization of the dehydration chamber configuration, 

including the arrangement of shelves and airflow direction. 

The controlled distribution of air velocity proved essential in 

ensuring an adequate drying gradient, preventing stagnation 

zones, and guaranteeing uniform food dehydration. These 

findings highlight the importance of CFD simulation in 

assessing and improving the thermal and aerodynamic 

performance of the system, contributing to a more efficient 

and homogeneous dehydration process. 

5. Preliminary Prototype 

The refinements in the dehydration chamber, derived from 

the optimization process via the CFD model, enabled the 

creation of an upgraded preliminary prototype, now ready for 

evaluation. Figure 6 illustrates (a) an image of the physical 

prototype and (b) its associated design blueprint. 
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Table 2 presents a detailed list of the components used in 

the development of the solar-powered system. These 

components include structural elements, solar panels, electrical 

components, and the movement system, with each playing a 

specific role within the overall system design. 

Table 2. List of components used in the solar dehydrator 

system 

Item Description QTY 

Structure 

Bracket , Tube Various and 

Cardboard dimensions 

(Aluminum) 

39 

PV Panel 
“Solar World” Sw100poly RGP, 

100W, 24VDC 
1 

Voltage 

Regulator 

“LCD PWM” CM1024, 12-24V, 

10A 
1 

Thermal Solar 

Panel 

Manual fabrication (Corner, 

Aluminum Sheet, Aluminum 

Mesh, Transparent Acrylic Plate) 

1 

Resistance 50W, 24VDC 1 

Batteries “Ultracell” UCG20-12, 12V, 20Ah 2 

Sensor DHT22 4 

Resistance 

Controller 
12V relay 1 

Arduino Arduino R3 1 

Fan Control Titan TFD-6020M12B, 12VDC 4 

Valve Controller 

and Pow. Supp. 
74164; 7805; 7905 2 

Support Wheels 
Rotating wheels with brake and 

without brake 
4 

Aluminum 

Mesh 
For trays 2 

Titan Fan 12VDC 4 

 
(a)                                           (b) 

Fig. 6. Combined solar dehydration system for horticultural 

products: (a) photograph; (b) diagram. 

5.1. Operational Test 

The present study aimed to evaluate the performance of the 

solar dehydrator under real operating conditions. The test was 

conducted on September 6, 2023, starting at 11:00 AM and 

concluding at 5:30 PM. The equipment was placed outdoors at 

10:30 AM to ensure direct exposure to solar radiation. The 

setpoint temperature was established at 50°C, with the 

electrical resistance activated after 10 minutes, requiring 

approximately 20 minutes to reach the desired temperature. 

The test was carried out using two shelves containing food for 

dehydration, one positioned at the intermediate level and the 

other at the upper position within the drying chamber.The 

recorded values throughout the test period are presented in 

Table 3, including the temperatures measured at different 

points in the system (T1, T2, T3, and T4), the relative 

humidity of the air (H3 and H4), the status of the electrical 

resistance, the type of air intake, and the speed of the air flow 

regulators. 

Table 3. Temperature, humidity, and system parameters recorded during the operational test 

Measurement Time 
T1 

(°C) 

T2 

(°C) 

T3 

(°C) 

T4 

(°C) 

H3 

(%) 

H4 

(%) 
Resistance Air Intake 

Airflow Regulator 

Speed (%) 

1 11:00 31.3 60.3 49.4 35.7 - - On Recirculation 0 

2 11:15 31.4 61.6 50.8 36.0 - - Off Recirculation 4 

3 11:25 32.6 61.3 52.0 36.8 - - Off Recirculation 9 

4 11:35 35.6 60.4 52.5 39.9 - - Off External 19 

5 11:45 33.1 59.5 52.7 40.1 - - Off External 24 

6 11:55 35.6 63.2 54.8 42.7 - - Off External 39 

7 12:05 33.4 64.1 55.3 43.3 - - Off External 43 

8 12:15 30.9 62.6 52.8 43.4 - - Off External 58 

9 12:30 33.5 62.3 50.8 42.1 - - Off External 68 

10 12:45 34.4 62.6 48.0 38.2 - - Off External 82 
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Table 3. (continued) 

11 13:00 31.4 62.8 49.5 36.8 - - Off External 78 

12 13:30 32.6 62.2 50.1 37.7 12.3 33.5 Off External 100 

13 14:00 32.2 64.6 51.6 37.9 10.1 30.0 Off External 100 

14 14:30 34.6 62.4 52.7 38.6 9.1 28.7 Off External 100 

15 15:00 37.6 62.9 52.7 39.9 9.5 25.7 Off External 100 

16 16:00 39.6 63.7 52.7 41.8 8.9 22.6 Off External 100 

17 16:40 41.7 64.2 54.8 43.6 7.0 19.5 Off External 100 

18 17:00 41.7 65.0 56.0 43.5 5.0 16.9 Off External 100 

19 17:15 38.4 63.7 55.3 43.0 5.4 17.1 Off External 100 

20 17:30 37.2 62.0 54.7 42.2 5.4 17.9 Off External 100 

 

The results of the operational test of the solar food 

dehydrator indicate good system performance. Measurements 

of temperature (T1 to T4) and relative humidity (H3 and H4) 

showed that the solar thermal panel was effective in heating 

the air, with the panel's output temperature (T2) ranging from 

60.3°C to 65.0°C throughout the day, while the inlet 

temperature to the drying chamber (T3) ranged from 48.0°C 

to 56.0°C, values suitable for the dehydration process. The 

relative humidity at the inlet of the chamber (H3) was 

maintained between 5.0% and 12.3%, creating an 

environment conducive to the removal of water from the 

food, while the relative humidity at the chamber outlet (H4) 

ranged from 5.4% to 17.9%. The difference between these 

relative humidity values demonstrates the effectiveness of the 

dehydration process, as the removal of water from the food 

directly leads to a reduction in the humidity at the chamber's 

exit. The electrical resistance was deactivated, indicating that 

the solar system was sufficient to heat the air without the 

need for external energy sources, and the fan speed was 

adjusted as necessary, reaching 100% in the later 

measurements, which facilitated moisture removal. These 

results demonstrate that the solar dehydrator is efficient, 

autonomous, and viable as a sustainable solution for food 

drying, depending on the available solar radiation.  

Table 4. Pre- and post-dehydration moisture content results 

(Eggplants) 

Moisture content (%) Test 1 Test 2 Test 3 Test 4  Test 5 

Fresh 92,3 91,8 93,1 91,9 92,1 

Dried 2,1 1,9 2,2 1,7 1,7 

The results presented in the table demonstrate the 

effectiveness of the dehydration process applied to eggplants. 

It is observed that the initial moisture content of the fresh 

products varied between 91.8% and 93.1%, typical values for 

this type of food. After the dehydration process, the final 

moisture content was reduced to a range between 1.7% and 

2.2%, indicating a significant removal of water. These values 

suggest that the dehydrator could achieve moisture levels 

suitable for food preservation, as a moisture content below 

5% is generally recommended to prevent microbial growth 

and ensure the stability of the stored product. Furthermore, 

the low variation in results across different tests suggests 

consistent performance of the system, demonstrating its 

efficiency and repeatability in the drying process. The 

significant reduction in moisture confirms the feasibility of 

the equipment for eggplant processing, making it an efficient 

solution for extending the product's shelf life without 

compromising quality. Figure 7 shows the result of the final 

product. 

 

Fig. 7. Final view of eggplants dehydrated. 

5.2. Efficiency of the Tested Dehydrator 

The efficiency of the dehydrator was calculated based on 

the reduction in relative humidity of the eggplants during the 

dehydration process. The formula used to calculate the 

dehydration efficiency is as follows: 
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                            (1) 

Where: RHi is the relative humidity of the product before the 

dehydration process. 

RHf is the relative humidity of the product after the 

dehydration process. 

The table 5 shows the dehydration efficiency for each of the 

five tests conducted. 

Table 5. Dehydration efficiency (%) for each test and the 

average 

Test 1 2 3 4 5 Average 

Efficiency (%) 97.7 97.9 97.6 98.1 98.2 97.9 

From the results, it is evident that the dehydrator performs 

highly effectively, with an average dehydration efficiency of 

97.9% across all five tests. This high efficiency demonstrates 

the system's ability to remove moisture effectively from the 

eggplants, which is essential for preserving food quality and 

preventing microbial growth during storage. These results 

also indicate that the dehydrator operates consistently, with 

only slight variations in efficiency between the tests (ranging 

from 98.2% to 97.6%). Such consistency is crucial for 

ensuring the reliability and quality of the dehydration 

process. 

5.3. Efficiency of the Solar Panel 

The thermal efficiency of a solar thermal panel is a key 

performance indicator that determines how effectively the 

panel converts incident solar energy into usable thermal 

energy. To calculate the efficiency, we need to account for 

the energy absorbed from the sun and the amount of that 

energy which is effectively transferred to the air passing 

through the panel. 

 

                 (2) 

Where:   Quseful is the useful thermal energy provided to the 

air. 

Qin is the incident solar energy that is absorbed by 

the panel. 

The useful thermal energy, Quseful, is calculated using the 

following formula: 

                             (3) 

Where:   m is the mass flow rate of air (kg/s), which can be 

determined from the volumetric flow rate and the air density. 

Cp is the specific heat capacity of air (approximately 

1014 J/(kg·°C)). 

ΔT is the temperature difference between the air 

leaving the panel (T2) and the air entering the panel (T1). 

The incident solar energy absorbed by the panel, Qin is 

calculated as: 

                             (4) 

Where:   G is the solar irradiance (W/m2), which is the power 

received per unit area. 

A is the area of the solar thermal panel (m2). 

t is the period during which the solar energy is 

received (in seconds). 

Table 6 presents the values obtained for the calculation of 

useful thermal energy, while Table 7 provides the values used 

to determine the incident solar energy. 

Table 6. Useful thermal energy 

Quseful m (kg/s), Cp kJ/(kg°C) ΔT 

20.8408 0.7340 1.014 28 

Table 7. Incident solar energy 

Qin (kW) G (KW/m²) A (m²) t (s) 

35.7246 1.115 1.602 20 

The average thermal efficiency of the solar panel was 

58.36%, falling within the expected range for glazed flat-

plate collectors (50% to 70%). This performance 

demonstrates an efficient conversion of incident solar energy 

into useful heat, making it comparable to conventional 

systems. In contrast, vacuum tube collectors can achieve 

higher efficiencies (60% to 80%), albeit at a higher cost. 

5.4. Energy Generation by the Photovoltaic Panel 

The photovoltaic (PV) system employed in this study 

consists of a “Solar World” SW100poly RGP solar panel 

with a rated power of 100 W and an output voltage of 24 

VDC. The system also includes a charge controller (“LCD 

PWM” – CM1024, 12-24V, 10A) and a battery storage unit 

composed of two Ultracell UCG20-12 gel batteries (12V, 

20Ah each). The energy generated by the PV panel is used to 

power various components of the dehydrator, including the 

actuator, ventilation system, heating element, and control 

module. The energy output of the PV panel can be estimated 

using the following equation: 

                           (5) 

Where:   Epv is the total energy generated (Wh). 

Ppv is the rated power of the panel (100 W). 

t is the effective duration of solar exposure (hours). 

Taking into account an average of 5 peak sun hours per day, 

the total daily energy generated by the photovoltaic panel is: 
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This energy is then stored in the battery system or directly 

consumed by the dehydrator’s electrical components. The 

main electrical consumers in the system include the actuator 

(Eletro Controls Limited – E16-24M, 24VAC/VDC) with a 

power consumption of 5.2 W, the ventilation system (Titan 

TFD-6020M12B, 12VDC) consuming 2.04 W, the resistance 

(50W, 24VDC) with a 50 W power demand, and the control 

module (Arduino, 24VDC) requiring 2.5 W. Assuming 

continuous operation for 5 hours per day, the total daily 

energy consumption of these components is calculated as 

follows: 

 

Thus, the total daily energy consumption of these 

components is approximately 298.7 Wh/day. The system 

utilizes two Ultracell UCG20-12 gel batteries (12V, 20Ah 

each). The total energy storage capacity of the battery bank is 

given by:  

 

The total daily energy consumption is 298.7 Wh/day, and 

the total battery capacity is 480 Wh. The number of days the 

system can operate on battery power, without recharging, is: 

 
               (6) 

 

With the two Ultracell UCG20-12 gel batteries, the 

system can sustain operation for approximately 1.61 days 

without needing recharging, ensuring the system can continue 

functioning even during periods of low solar irradiation. 

6. Conclusion 

This article presents a novel vegetable dehydration 

system based on renewable sources, designed to be energy-

efficient, cost-effective, mobile, and modular. The system 

utilizes solar energy, both thermal and photovoltaic, 

operating in a hybrid manner, which allows it to function 

independently of weather conditions. The prototype was 

optimized in terms of process duration, product integrity, 

energy performance, and sensory characteristics, adjusting 

the drying air temperature and circulation velocity according 

to environmental conditions and the nature of the product. 

This approach significantly contributes to sustainability by 

promoting the use of clean energy sources, reducing reliance 

on fossil fuels, and lowering the carbon footprint associated 

with the dehydration process.The system's efficiency was 

demonstrated by experimental results, which indicated a 

reduction in the moisture content of eggplants from 91.8–

93.1% to 1.7–2.2%, values suitable for food preservation. 

The average dehydration efficiency was 97.9%, with minimal 

variations across tests, demonstrating the system's 

consistency and reliability. The thermal efficiency of the 

solar panel was 58.36%, falling within the expected range for 

glazed flat-plate collectors.Additionally, the photovoltaic 

system, through the integrated battery, allows the system to 

operate for 1 day and 14 hours without recharging, ensuring 

autonomy and continuity even during periods of low solar 

irradiation. These results confirm the system's viability as an 

efficient and sustainable solution for eggplant dehydration, 

contributing to the reduction of food waste and extending the 

product's shelf life while maintaining its quality. The system 

aligns with more responsible production practices and 

promotes environmental preservation. 
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