


EXPERIMENTAL APPLICATION OF DIRECT SOLAR DRYING METHOD FOR TOMATO SLICES


Abstract
This study applied a novel direct solar drying method for tomato slices, using a box-shaped dryer with three trays, a transparent glass cover as a solar collector, and a blower. The performance and product quality were compared between solar drying and open sun drying methods. Tomato slices underwent sorting, bleaching, drying, and packaging, becoming ready for commercialization. The tomato slices dried until the final moisture content reached 25–50% (w.b) from an initial moisture content of 90% (w.b). The solar dryer achieved the highest average drying rate of 0.644 g/min on the first tray and a drying efficiency of 25.09%, with total energy consumption of 193.85 kJ/kg and 0.0111 kg/kJ for SEC and SMER, respectively. Quality assessments included color, texture, vitamin C content, and SEM testing. Dried tomato slices turned significantly browner compared to fresh ones, had different texture attributes from open sun drying-dried slices, experienced vitamin C degradation due to high temperatures, and showed brittle walls due to moisture loss, as indicated by SEM testing.
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1. Introduction
Tomato (Lycopersicon esculentum) is the most widely consumed dietary vegetable product worldwide due to its vitamin A content in carotenoid terpenes (Djebli et al., 2019). Tomatoes contain high fiber and serve as a primary source of lycopene and various phenolic compounds with high antioxidant activity, which are beneficial in preventing chronic diseases such as heart disease and cancer (Tan et al., 2021). Despite its numerous benefits, tomatoes are highly perishable, especially during storage if improperly handled. Tomatoes also have a high water content, which accounts for up to 95% of their total weight, making them spoil quickly (Kamarulzaman et al., 2021).
Tomatoes are climacteric fruits, which means they undergo a spike in respiration and ethylene production as they begin to ripen. Therefore, they do not need to be fully ripe at harvest, as they can ripen perfectly after being picked. This increase in respiration at the start of storage, followed by a gradual decline, affects the quality of tomatoes during storage (Quinet et al., 2019). However, weather conditions, seasonal changes, and the day-night cycle can further complicate this process. Unfavorable weather can increase water content, promoting mold and fungal growth, especially if drying occurs outdoors. This will lead to contamination from dust, dirt, and other foreign particles, degrading tomato quality. Thus, mechanical drying is essential to improve productivity, hygiene, and the sustainability of dried tomato production (Dufera et al., 2021; Tan et al., 2021).
Solar drying is a promising solution for drying fruits and vegetables in developing countries (Hossain et al., 2008). The drying process requires a relatively large amount of energy, especially with industrial-scale mechanical dryers that rely on coal as an energy source, leading to high investment and operational costs that are impractical for developing nations. Additionally, mechanical dryers produce high temperatures and long drying times, which can degrade the product quality and nutritional value (Elwakeel et al., 2024). Solar drying offers a viable alternative by harnessing renewable solar energy, which is environmentally friendly, sustainable, and economically feasible for these regions. Various crops have dried using solar dryers, achieving good product quality and safe moisture levels for storage, with drying times dependent on the specific dryer design and configuration (Karthikeyan & Murugavelh, 2018; Murali et al., 2020; Suherman et al., 2021). Research has also explored solar drying for tomatoes using different configurations, such as mixed solar dryers (Djebli et al., 2019), PV thermal regeneration solar dryers (Dorouzi et al., 2018), and solar tunnel dryers (Dufera et al., 2021).
In this study, a novel solar dryer with real-time automated data measurement will be implemented for drying tomato slices. The objective is to assess how well a solar dryer performs for drying tomato slices by analyzing its drying characteristics and comparing them to conventional open-sun drying methods. Quality assessment will be conducted to assess the impact of the solar dryer on the physical and nutritional quality of the tomato slices post-drying. Four quality parameters to be investigated include Vitamin C content, SEM analysis, texture analysis, and color analysis.

2. Solar drying method principle
A simple solar dryer consists of a box-shaped drying chamber for placing food items and transparent glass on the top. Solar radiation will hit the glass cover, allowing some short-wavelength radiation to pass through while the rest is reflected in the environment. The food products inside the drying chamber will absorb the solar radiation, causing the surface of the products to heat up. The heated products then emit long-wavelength radiation that cannot pass through the glass cover, increasing the air temperature inside the chamber. The rise in air temperature around the food creates a temperature gradient with the surface temperature of the products, leading to a rapid and efficient drying process (Jha & Tripathy, 2021). The main goal of solar drying innovation is to provide a new and improved method to address the limitations of the open sun drying method. In recent decades, many researchers have begun developing solar drying technologies utilizing natural or forced circulation and additional heat sources (such as electricity and biomass) to achieve an effective, efficient, and economical drying configuration (Kumar et al., 2016). The solar dryer setup used in the research by Suherman et al. (2023) is shown in Figure 1.


Figure 1. Solar dryer setup for drying tomato slices
A solar dryer is box-shaped with dimensions of 90 cm length, 90 cm width, and 120 cm height. The outer surface is coated with 1 mm thick aluminum, while the inner frame is made of 1.2 mm thick stainless steel. The inner walls are lined with glass wool insulation. This solar dryer utilizes solar energy as its primary heat source, leveraging the high conductivity of aluminum and stainless steel to store and conduct heat from the exterior to the interior. A 90 x 90 x 0.5 cm acrylic panel is positioned inclined atop the dryer to absorb solar radiation, adjustable for optimal sunlight exposure during drying. It features four wheels for mobility. Inside, three drying trays measuring 80 cm x 80 cm are spaced 27.5 cm apart, and made of perforated plates to allow air circulation. Aluminum edges and holders are installed to support the trays. An exhaust chimney at the top facilitates the humid air inside the dryer to flow outside, while a bottom-mounted blower ensures even heat distribution and air circulation. Temperature and relative humidity indicators are placed inside, including on each tray, with a control panel on the left side featuring touch LED displays for monitoring and controlling the blower operation, temperature, and humidity levels.

3. Pre-treatment tomato slices before the drying process
The sequence of stages in the tomato slice drying process, from pre-treatment to marketing, is presented in Figure 2. Firstly, Tomatoes undergo visual sorting based on bright red color, size, ripeness, and other physical characteristics to avoid damage or spoilage. Selected tomatoes are running clean water to remove dirt adhering to the skin. The washed tomatoes are then sliced to a uniform thickness using a sharp knife to increase the surface area and ensure the drying process evenly affects the material. After that, the tomato slices undergo a pretreatment by soaking (bleaching) in a solution at room temperature for 5 minutes, then drained and stored in the refrigerator (4 – 5°C). The soaking solution can use 3% sodium chloride (30 g/L H2O) or 10% (100 g/L H2O), 6% sodium metabisulfite (60 g/L H2O), or 5% lemon juice. The tomatoes are taken out of the refrigerator at least 2 hours before the drying experiment and placed in outdoor conditions to reach ambient temperature (Azumah et al., 2024; Dorouzi et al., 2018; Hamdi et al., 2023). The drying process of tomato slices is carried out in a drying chamber where the slices are evenly spread on trays. Data is collected at regular intervals, including sample weight, drying air temperature, relative humidity, solar intensity, and air velocity. 
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Figure 2. Stages of the tomato slice drying process
 
4. Drying kinetics in solar drying method
4.1 Moisture content
The initial moisture content determination of the sample is carried out by drying 5 to 10 g using an oven at a temperature of 105°C for 6 hours. The average initial moisture content of tomatoes, based on AOAC standards, is found to be 94% on a wet basis, and the final moisture content limit for dried material is 15% on a wet basis (Ebadi et al., 2021; Samimi-Akhijahani & Arabhosseini, 2018). The initial moisture content can be calculated using the following equation.
 								(1)
Where, Wi and Wf are the initial and final weights of the sample (gram). Meanwhile, the determination of moisture content on a wet basis during the drying process can be measured by calculating the equivalent percentage of the weight of water lost compared to the wet weight of the material (Sukkanta et al., 2023). 
 									(2)
Where, MC is the moisture content on a wet basis (%w.b), Ww and Wd are the wet and dry weights of the sample (gram). The moisture content relationship during the drying period can be represented in a curve diagram, as shown in Figure 3.

Figure 3. Moisture content curve for tomato slices drying
Figure 3 shows the relationship between the moisture content of tomato slices and drying time in a solar dryer for each tray, as well as open sun drying. The tomato slices were dried from an initial moisture content of 90% w.b. They experienced a decrease as drying time increased, with a period of rapid moisture loss during the drying process. The fastest drying occurred in the first tray of the solar dryer due to higher temperatures observed in the first tray compared to the second and third trays, resulting in a higher amount of moisture being removed in the tray (Mugi & Chandramohan, 2022). The final moisture content of the tomato slices in the solar dryer trays and open sun drying were 33.33%, 36.71%, 45.65%, and 79.76%, respectively. The final moisture content of the tomato slices is still acceptable according to international standards, which allow for a moisture content of around 25–50% for the category of high moisture and a soft and pliable texture (UNECE, 2007). Therefore, only the dried tomato products using the solar drying method meet the quality standards. This is due to the solar dryer's enclosed design and stainless-steel construction having good thermal conductivity, which enhances heat retention and increases the amount of water that can be evaporated. On the other hand, open sun drying is highly dependent on hot, sunny weather and dry atmospheric air. Open sun drying has a slow drying rate, requires more attention, and is highly susceptible to environmental contamination (Djebli et al., 2020).

4.2 Drying rate
The difference in weight of moisture of material at two consecutive time intervals (evaporated water vapor mass) divided by period is called the drying time and can be calculated using the equation (Kant et al., 2023).
 											(3)
Where, DR is the drying rate (g/min), Wo – Wd is the mass difference between two consecutive measurements (g), Δt is the time interval (min). The drying rate at each drying time can be presented in Figure 4 as follows.

Figure 4. Drying rate curve for tomato slices drying
The drying rate profile in Figure 4 shows that the drying process in the first hour has a higher drying rate, which gradually decreases over time. This is because the solar radiation energy absorbed by the surface of the tomato slices is higher, evaporating more of the free water content and resulting in faster drying (Azeez et al., 2019). The average drying rate for solar drying on each tray and open sun drying was 0.644 g/min, 0.638 g/min, 0.618 g/min, and 0.383 g/min, respectively. The fastest drying rate occurred on tray 1 for the solar drying method. The position of tray 1 is at the very top, so the heat radiation from the solar collector directly hits the first tray, then the middle tray, and finally the bottom tray. A similar phenomenon was observed in previous studies on drying cassava slices (Suherman et al., 2020) and ginger (Suherman et al., 2021). 
Another phenomenon shows that drying under direct sunlight has the lowest drying rate compared to solar drying on each tray. Drying under direct sunlight relies solely on the surrounding fresh air that hits the material's surface. Meanwhile, fresh air in the solar dryer is supplied through forced convection using a blower, so the drying air speed exceeds that of the atmospheric air (Muthuvairavan & Kumar Natarajan, 2023). This is similar to previous studies by Bhaskara Rao & Murugan (2023), which compared drying neem leaves using an evacuated tube solar dryer and conventional direct sunlight drying. Likewise, (Kant et al., 2023) compared drying peppermint leaves using a greenhouse solar dryer and open sunlight drying.

5. Performance evaluation of solar dryers
5.1 Solar dryer efficiency
The solar dryer efficiency () is the ratio of the thermal energy used to evaporate water from the sample to the solar radiation hitting the collector and the sample surface. The efficiency of a solar dryer indicates how effectively the drying chamber utilizes a given amount of energy input to remove the moisture content from the sample (Owureku-Asare et al., 2022). The overall solar dryer efficiency can be calculated using this equation.
 											(4)
 Where,  is the weight of the evaporated sample (kg),  is the latent heat of water evaporation assumed to be 2260 kJ/kg,  is the collector area (m²),  is the solar radiation intensity (W/m²), and  is the drying time difference (s). A graphical representation of the solar dryer efficiency over the drying period is shown in Figure 5.

Figure 5. Solar drying efficiency curve
The solar dryer efficiency depicted in Figure 5 fluctuates due to changes in solar radiation and the rate of moisture loss from tomato slices. Efficiency peaks early in the drying process as the material surface, rich in free water, evaporates readily. However, efficiency step-by-step declines over subsequent hours as the moisture content in the tomato slices decreases (Arunkumar et al., 2024; Suherman, Hadiyanto, et al., 2024). On average, efficiencies on each tray are 25.09%, 24.38%, and 23.61%, respectively, with the highest efficiency on tray 1 (top tray), followed by tray 2 (middle tray), and the lowest on tray 3 (bottom tray). Tray 1 removes the most water from tomato slices at 425 g, compared to 421 g on tray 2 and 408 g on tray 3, attributed to its direct exposure to solar radiation at the top position (Mugi & Chandramohan, 2022). 

5.2 Energy consumption of a solar dryer
Specific energy consumption (SEC) indicates the ratio of the total energy input to the drying system () to the total moisture removed from the product () during the drying process (Kalita et al., 2024). Meanwhile, the specific moisture extraction rate (SMER) indicates the ratio of the amount of moisture removed to the total energy input to the drying system (Chi et al., 2023).
 											(5)
 											(6)
The energy consumption analysis required during the drying process is shown in Figure 6, expressed in SEC and SMER, calculated using equations (5) and (6). The average values of SEC and SMER for solar drying on each tray are 193.85, 180.13, 187.95 kJ/kg, and 0.0111, 0.0108, and 0.0104 kg/kJ, respectively. The correlation between SEC and SMER is inversely proportional; as drying time increases, the SEC value rises while the SMER value decreases. When the water transfer from inside the tomato slices to the surface decreases, the moisture weight (Mw) in the tomato slices also decreases. As a result, the overall SMER and the efficiency of the solar dryer decline, while the SEC increases (Chi et al., 2023; Hadibi et al., 2022). This phenomenon aligns with previous studies on energy reviews in indirect solar dryers for drying bitter gourd slices (Madhankumar et al., 2023) and sweet potatoes (Abdelkader et al., 2024).
(A)
(B)

Figure 6. Evaluation of energy consumption requirements during the drying process in terms of SEC (A) and SMER (B)

6. Quality parameters assessment for tomato slices
The quality parameters of products after the drying process are crucial in the agricultural sector. The goal is to ensure the dried product's condition throughout the supply chain until it reaches the consumer as the final product. Factors such as temperature and drying duration significantly influence product quality. High temperatures can degrade essential nutrients in some food products during drying. For example, tomato slices, which have an initial moisture content of 95%, are dried to a final moisture content of 7% over 36 hours, with a maximum permissible temperature of 60°C (Kamarulzaman et al., 2021). Key quality parameters to review for dried tomato slices include color, texture, and vitamin C content. In addition, SEM analysis was also observed in this experiment to examine the effect of the drying process on the surface morphology of tomato slices.

6.1 Color analysis
Color analysis is one of the key parameters in assessing product quality as a physical indicator of the success of the drying process. The color changes in tomato slices were carried out using a colorimeter following the CIE L*, a*, and b* system. The L* value represents how bright an object is, with L* = 0 for black and L* = 100 for white. The a* value represents the color position, with positive a* values indicating red and negative a* values indicating green. Similarly, positive b* values indicate yellow, while negative b* values indicate blue (Suborna et al., 2024). 
The results of the color analysis of tomato slices during the moisture removal process are presented in Table 1. The dried tomato slices in this study showed L*, a*, and b* values of 43.42, 0.31, and 4.40, respectively. Compared to fresh tomato slices from a previous study by Hamdi et al. (2023), there is a noticeable degradation of color to brown. Short-term intense direct solar radiation exposure through the glass collector causes materials vulnerable to photodegradation to experience a decline in product quality (Suherman, Asy-Syaqiq, et al., 2024). Additionally, the high drying temperature reaching 60°C and the presence of oxygen can destroy cell structures and break down pigments from the color-giving substance matrix in the tomato slices, accelerating non-enzymatic browning reactions such as the Maillard reaction (Liu et al., 2024; Zheng et al., 2024). Therefore, controlling the drying temperature is crucial to achieve an optimal temperature with a rapid drying rate to reduce drying duration while maintaining product quality.
Table 1. Comparison of color analysis on fresh and dried tomato slices
	No
	Sample’s name
	Results
	References

	
	
	L*
	a*
	b*
	

	1
	Fresh tomatoes
	50.90
	20.51
	20.01
	Hamdi et al. (2023)

	2
	Tomatoes dried in the solar dryer
	43.42
	0.31
	4.40
	This study



6.2 Texture analysis
Texture Profile Analysis (TPA) is a widely used method to assess the texture of dried materials using a texture analyzer. The texture analysis of tomato slices under different drying conditions is reviewed against the TPA curve, yielding texture attribute values such as hardness, cohesiveness, springiness, and adhesion. Hardness measures the peak force needed to compress the dried product, indicating its resistance to crushing or cutting. Cohesiveness describes the material's ability to retain its structural integrity under pressure, reflecting the strength of its internal bonds. Springiness assesses the elasticity of the dried product, showing how well it can return to its original shape after being deformed. Finally, adhesion measures the force required to detach the dried product from a contact surface (Ding et al., 2023). 
Two drying methods, solar drying and open sun drying, were compared to assess their impact on the texture properties of tomato slices, as shown in Table 2. The results of the four measured texture attributes indicated that the solar drying method had a significant impact except for adhesion. Solar drying produced the highest hardness values, reaching 644.5 g and 557.5 g. This rapid moisture loss from the material's surface, driven by hot forced air circulation through a blower, led to the formation of a hard outer layer (Fan et al., 2024). However, the uniform final moisture content during the drying process led to minimal differences in cohesiveness and springiness between the two methods, with values of 0.67, 0.39, and 2.9 mm, 1.5 mm, respectively (Fan et al., 2024). The reduction in texture properties is likely due to increased void spaces and porosity from the breakdown of the tomato's cellular structure, held together by turgor pressure, resulting from the release of RONS on the sample surface, as observed in microstructural analysis (Obajemihi et al., 2023, 2024).
Table 2. Results of texture profile analysis on different drying methods
	No
	Sample’s name
	Yield (skin)
	Test method

	
	
	Hardness I (g)
	Hardness II (g)
	Cohesiveness
	Springiness (mm)
	Adhesion (mJ)
	

	1
	OSD
	392.5
	367.0
	0.67
	2.9
	0.01
	TPA

	2
	SD
	644.5
	557.5
	0.39
	1.5
	0.01
	



6.3 Vitamin C analysis
The measurement of total vitamin C in tomatoes includes the amounts of L-ascorbic acid (AA) and dehydroascorbic acid (DHAA), both of which are active as vitamin C. L-ascorbic acid is easily and reversibly oxidized to dehydroascorbic acid. Vitamin C is measured using High-Performance Liquid Chromatography (HPLC), based on extraction with 0.3 M trichloroacetic acid, enzymatic conversion of AA to DHAA using ascorbate oxidase, and derivatization with 1,2-o-phenylenediamine (Georgé et al., 2011). HPLC results can be seen in Figure 7, showing the highest peak for vitamin C (ascorbic acid) with a retention time of 2.155 minutes, peak area of 3,283,493 units area, peak height of 219,102 units length, and vitamin C concentration of 8 mg/100 grams of dried tomatoes. The vitamin C content in dried tomatoes significantly decreases compared to fresh tomatoes because the drying process requires high temperatures, causing ascorbic acid degradation due to heat oxidation (Abioye et al., 2024). Vitamin C is unstable and easily oxidized by air and heat because of its highly reactive hydroxyl (OH) group. The decrease in vitamin C content occurs due to spontaneous oxidation without the need for enzymes and is influenced only by temperature and surrounding air. Additionally, vitamin C retention is affected by the combination of temperature and time during drying (Dufera et al., 2021). Therefore, careful consideration of quality is crucial to preserving the nutritional content of tomatoes during the drying process.
[image: ]
Figure 7. Analysis of vitamin C content using the HPLC method

6.4 SEM analysis
SEM is an instrument tool used to analyze the surface morphology or structural changes of food samples after the drying process, resulting in black-and-white images with various magnifications focused on points located on the dried food sample (Sengar et al., 2023). Figure 8 shows the results of SEM testing of a cross-section of tomato slices at 500 times magnification (A) and 1000 times magnification (B). At 1000 times magnification, the pore size is 10 µm, while at 5000 times magnification, the pore size is 5 µm. Morphologically, dried tomato slices have a higher degree of wall fragility than fresh tomatoes. Dried tomato slices are hygroscopic and reconfigure upon rehydration. Water moves freely across the gradient and is absorbed by the tomato walls. Therefore, the rate of cell wall collapse during drying is proportional to the amount of water lost during the drying process from cell pores (Jha & Tripathy, 2020).
 (A)
(B)

Figure 8. Surface morphology of dried tomatoes at 1000x magnification (A) and 5000x magnification (B)

7. Conclusion
The performance evaluation of the solar dryer focused on moisture content, drying rate, drying efficiency, and energy consumption. Tomato slices with an initial moisture content of 90% (w.b) were dried for 10 hours using a solar dryer and open sun drying for comparison. The final moisture content was 33.33%, 36.71%, 45.65%, and 79.76% for each tray of the solar dryer and the open sun drying, respectively. All slices, except those open sun drying, met the SNI quality standards. The solar dryer achieved faster drying rates of 0.644 g/min, 0.638 g/min, and 0.618 g/min compared to open sun drying at 0.383 g/min. The highest energy consumption was in the first tray of the solar dryer, with 193.85 kJ/kg and 0.0111 kg/kJ for SEC and SMER, respectively, and a drying efficiency of 25.09%. Additionally, the quality assessment of the dried product was reviewed as a parameter before commercialization to consumers, including color, texture, vitamin C content, and SEM testing. The color of the dried tomato slices showed a significant change to brown compared to fresh tomatoes. The texture attributes measured by the solar drying method showed a significant difference compared to the open sun drying method. The vitamin C content in dried tomato slices experienced ascorbic acid degradation due to high temperatures during the drying process. SEM testing indicated that the dried tomato slices had brittle walls due to the loss of moisture from the surface of the tomato slices. 
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Tray 1	0	60	120	180	240	300	360	420	480	540	600	90	86.033519553072622	80	74.093264248704656	68.152866242038215	61.240310077519375	54.54545454545454	49.494949494949495	42.528735632183903	38.271604938271601	33.333333333333329	Tray 2	0	60	120	180	240	300	360	420	480	540	600	90	86.595174262734588	83.55263157894737	78.540772532188839	74.358974358974365	68.152866242038215	60	54.54545454545454	46.236559139784944	40.476190476190474	36.708860759493675	Tray 3	0	60	120	180	240	300	360	420	480	540	600	90	87.468671679197996	85.074626865671647	81.617647058823522	77.777777777777786	71.264367816091962	63.235294117647058	57.983193277310932	52.380952380952387	48.453608247422679	45.652173913043477	Open sun drying	0	60	120	180	240	300	360	420	480	540	600	90	89.406779661016941	88.789237668161434	87.951807228915655	86.55913978494624	85.507246376811594	83.606557377049185	82.456140350877192	81.132075471698116	80.314960629921259	79.757085020242911	Drying time (minute)

Moisture content (% wb.)


Tray 1	0	60	120	180	240	300	360	420	480	540	600	0	2.3666666666666667	1.8	0.95	0.6	0.46666666666666667	0.31666666666666665	0.18333333333333332	0.2	0.1	0.1	Tray 2	0	60	120	180	240	300	360	420	480	540	600	0	2.1166666666666667	1.1499999999999999	1.1833333333333333	0.6333333333333333	0.6333333333333333	0.53333333333333333	0.25	0.28333333333333333	0.15	8.3333333333333329E-2	Tray 3	0	60	120	180	240	300	360	420	480	540	600	0	1.6833333333333333	1.0666666666666667	1.05	0.78333333333333333	0.85	0.6333333333333333	0.28333333333333333	0.23333333333333334	0.13333333333333333	8.3333333333333329E-2	Open sun drying	0	60	120	180	240	300	360	420	480	540	600	0	0.46666666666666667	0.43333333333333335	0.51666666666666672	0.71666666666666667	0.45	0.66666666666666663	0.33333333333333331	0.33333333333333331	0.18333333333333332	0.11666666666666667	Drying time (minute)

Drying rate (g/min)



Tray 1	0	60	120	180	240	300	360	420	480	540	600	0	87.798061176305794	75.347649386716796	33.088873292270456	22.619565924524711	19.172153210953912	13.777742868173117	7.4224074778695224	8.1021095240297445	4.3524950967024267	4.3141346704860117	Tray 2	0	60	120	180	240	300	360	420	480	540	600	0	78.523618094301654	44.163321707113738	44.553019870657977	23.876208475887196	26.019350786294595	23.204619567449463	9.3108396630563686	9.7748964985516764	5.4992972579433204	3.289898520896561	Tray 3	0	60	120	180	240	300	360	420	480	540	600	0	62.447916752161163	40.963081003699699	39.532961293682433	29.531099957018373	34.92070763423748	27.555485736346235	8.5080608229354286	8.0499147635131454	4.8882642292829512	3.289898520896561	Drying time (minute)


Solar drying efficiency (%)




Tray 1	60	120	180	240	300	360	420	480	540	600	25.740887323943664	29.994300000000003	68.300905263157901	99.913500000000013	117.87930000000003	164.03267368421052	304.48341818181819	278.93970000000007	519.24239999999998	523.85940000000005	Tray 2	60	120	180	240	300	360	420	480	540	600	28.781149606299213	51.173686956521749	50.72607887323943	94.65489473684211	86.858431578947389	97.394400000000005	242.72783999999999	231.20449411764707	410.96160000000009	686.95128000000022	Tray 3	60	120	180	240	300	360	420	480	540	600	36.190158415841587	55.171631250000011	57.167485714285704	76.529489361702133	64.718047058823544	82.016336842105261	265.63044705882351	280.74831428571434	462.3318000000001	686.95128000000022	Drying time (minute)


SEC (kWh/kg)




Tray 1	60	120	180	240	300	360	420	480	540	600	3.8848699635533536E-2	3.3339667870228677E-2	1.464109437711082E-2	1.0008657488727748E-2	8.4832536331654485E-3	6.0963464018465125E-3	3.2842510964024431E-3	3.5850042141724529E-3	1.9258827861515161E-3	1.9089091462327484E-3	Tray 2	60	120	180	240	300	360	420	480	540	600	3.474496375854056E-2	1.954129279075829E-2	1.9713725606485828E-2	1.056469401587929E-2	1.151298707358168E-2	1.0267530782057284E-2	4.1198405588744992E-3	4.325175441837025E-3	2.4333173707713806E-3	1.4557073101312216E-3	Tray 3	60	120	180	240	300	360	420	480	540	600	2.7631821571752726E-2	1.8125257081283052E-2	1.7492460749417005E-2	1.3066858388061228E-2	1.545164054612278E-2	1.2192692803693025E-2	3.7646286827147917E-3	3.5619091873951964E-3	2.1629487740190047E-3	1.4557073101312216E-3	Drying time (minute)


SMER (kg/kWh)
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