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Abstract
Most of the review research papers previously published were mostly focused on solar dryer design, development, 
performance evaluation, modification, technologies of solar dryers, etc. There were no works of literature reviews that 
specifically concerned how much solar dryers can carry. So, the review gives some clues about the carrying capacity 
of solar dryers. Measuring or knowing solar capacity has critical importance in the drying industry. It helps to produce 
quality dried products, design efficient solar dryers, and provide valuable insights for researchers, engineers and policy-
makers involved in solar drying technologies. The current review systematically examines the relevant scientific literature 
published between 2000 and 2023. The exclusion and inclusion criteria were used to identify the documents. A total of 
1230 studies were selected for analysis, encompassing a wide range of geographical regions, crop types, and solar drying 
technologies. Based on the review conducted; solar dryers (direct, indirect, mixed, and hybrid) can vary between 1 and 
250 kg in capacity applied for agricultural products drying purposes. According to the reviewed articles, the minimum 
loading capacities designed and recorded in the first, second, third, and fourth quinquennial periods were 1 kg, 1 kg, 
4.75 kg.m−2, and 5.4 kg.m−2, respectively. In the same order as the minimum, the maximum loading capacities observed 
in the stated quinquennial periods were 250 kg/per day, 250 kg, 70 kg, and 45 kg, respectively.
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1  Introduction

As explored by [1, 2] drying is a common method of protecting agricultural products from microorganisms and a way 
of extending their shelf life for long periods safely. Drying can also be applied to facilitate post-harvest activities, plan 
the harvest season, provide long-term storage, increase the standard and decrease the output, which leads to a reduc-
tion of the requirement for storage space, transport, and distribution, to fetch better returns for farmers to maintain the 
viability of seeds, to harness direct or indirect ecological benefits and so on. However, as reported by [3] drying is very 
energy-intensive process that uses between 10 and 20% of total energy.

Agricultural items were typically dried in the open sun for a very long time and are still exercised especially in third-
world countries. However, this type of drying system has many limitations. The main drawbacks as mentioned by 
[4] it does not have a control system, non-uniformity in the drying process, exposed to various impurities and dust, 
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unprotected from rain, susceptible to windborne diseases, high labor cost, needs large areas and infected by various 
microbiological organisms, fungus, insects, and is eaten by rodents and other animal etc.

Another drawback of open-air solar drying dryers was highlighted by [5, 6]. Among the drawback listed by the authors 
were: open drying systems are not always suitable for a largescale production, long drying period, and so on. Thus, the 
limitation of open drying can be solved using solar dryer technology. As described by [3] solar drying is the most eco-
friendly method for minimization of post-harvest loss and it can be used for different kinds of food products for long-term 
preservation with a minimum compromise to the product quality, texture, and color.

Solar drying systems of different kinds have been formulated, explored, evolved, and tested across numerous regions 
globally, resulting in different performances [7]. Solar driers can also be classified as open-air, indirect and direct solar 
dryings based on the drying mechanism [8]. According to [9] different types of solar dryers exist. based on different 
parameters based on airflow as active and passive, based on structure as even span roof type, un even span roof type, 
tunnel-shaped, parabolic type, and chapel shaped, based on energy back up system as chemical and thermal, etc. Many 
authors, researchers, and reviewers, etc. such as [10–16] were categorized solar dryers in different ways of classification 
based on different criteria’s (Figs. 1, 2).

There are three discernible subcategories within both active and passive solar drying systems. These subcategories 
primarily differ in the configuration of system components and how they make use of solar heat. These categories are; 
integral type of solar dryers (can be exit as active or passive), distributed solar dryers (active and passive mode) and lastly, 
the combination of these two is called combined -mode types of solar dryers as shown in Fig. 3 [10]: encompass indirect, 
direct, and mixed configurations of solar dryers.

The difference between active and passive types solar dryers were described by [18] in the following paragraph. Forced 
convection dryers, also known as active solar dryers, use fans or pumps to move the heated air comes from collectors 
to drying chamber. On the other side, passive solar dryers rely on organic processes for air circulation and heating, such 
as buoyancy and wind pressure.

Integral-type natural-circulation solar-energy dryers, often known as direct solar dryers, feature transparent-walled 
drying chambers where crops receive direct solar radiation. This radiation both extracts moisture from the crop and 
reduces the air’s relative humidity, enhancing its moisture-carrying capacity. In contrast, indirect passive solar dryers, 
such as trays inside opaque chambers heated by air from a thermo-symphonic solar collector, prevent direct exposure of 

Fig. 1   Solar dryer classification [15]
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crops to solar radiation. This prevents caramelization and localized heat damage, making them suitable for perishables 
and fruits sensitive to vitamin loss and color retention issues caused by direct sunlight exposure. Distributed solar dryers 
achieve higher operating temperatures compared to direct dryers or sun drying [19]. See Fig. 3 for their arrangement.

1.1 � Solar dryers’ mechanism of operation and description

Solar dryers in general have different components to perform their intended task. A direct solar dryer for example as 
illustrated by [4] generally have a drying chamber consisting of an insulated box with air apertures that allow air to enter 
and exit the chamber and is covered in a transparent cover (glass or plastic). When sunlight reaches the glass cover, it 
warms the air that naturally circulates through wind pressure (passive solar dryer) or artificially circulates through wind 
pressure (active solar dryer). Similar to the idea of [20] wrote about solar dryers. They stated that solar dryers have trans-
lucent covers, which scatter some solar radiation back into the atmosphere while transmitting the remainder into the 
dryer chamber. The majority of the transmitted radiation is absorbed by the product, while part of it is reflected by its 
surface. As a result, the product’s temperature increases, enabling evaporation to reduce its moisture content. See Fig. 4.

Solar air heater (solar collector), drying system (drying chamber), chimney, ducts for air supply, fans, etc. are the 
main components of passive indirect solar. However auxiliary parts like fans and blowers are add it is called forced type 
indirect solar dryer [22].

The general operating idea behind indirect solar dryers is outlined quite well by [23]. The explanation was as fol-
lows: air enters the collection through an air intake and heats up by convection after being collected by a solar col-
lector that uses the sun’s energy to do so. The glass that often encases the solar collector or absorber allows sunlight 
to enter while keeping the sun’s rays reflected rays from escaping the collection. The bottom surface of the solar 
collector turns black as a result, which makes it excellent for absorbing solar radiation and raising the air tempera-
ture inside the solar collector. In the drying chamber, which contains the agricultural products or other materials to 
be dried, hot air from the solar collector is driven through the materials. The drying of objects in a drying chamber 
uses convective heat transfer and evaporative mass transfer. Following the application of heat to the products being 
dried, the air is discharged into the atmosphere via an exhaust system.

Fig. 2   Solar drying system components [17]
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Fig. 3   Common solar dryer designs [10]

Fig. 4   Direct solar drying [21]
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Mixed solar dryers combine the benefits of direct and indirect sun energy dryers. The air is preheated in a solar 
collector heater in these dryers, and incident direct sun radiation on the product to be dried work together to pro-
duce the heat needed for the drying process [10]. Mixed type of approach is the most effective for products with 
higher moisture contents since the dried product’s exposure to solar radiation and provided warm air expedite the 
drying process (Figs. 5, 6).

Authors like [25] clearly defines and states the difference between hybrid and mixed types of solar dryers as follow: 
hybrid solar dryers are unique due to their capacity to harness heat from multiple sources, including solar energy from 
the sun, as well as alternative sources like biomass and fossil fuels (see Fig. 7). Mixed-mode solar dryers are distinct from 

Fig. 5   Common layout of indirect solar dryers [12]

Fig. 6   Solar dryer with mixed modes [24]
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hybrid solar dryers in that they only use solar energy. The hybrid solar dryer, in comparison, uses a variety of energy 
sources, including biomass and solar energy. Even when there is no sunlight, the hybrid solar dryer can still function. 
Hybrid dryers shortens the drying process and lowers the chance of product waste.

1.2 � Loading capacity of solar dryers

Solar dryers have variable loading capacities based on their design and size. Generally, they can accommodate a range 
of a few kilograms to several hundred kilograms of agricultural or other materials for drying. It is worth considering that 
the loading capacity is influenced by factors like the material being dried and the desired drying conditions. Moreover, 
diverse types various solar dryers, including batch dryers or continuous flow dryers, possess distinct loading capacities 
and operational characteristics. Knowing the loading capacity also helps full investigate quality of the products, economic 
viability of the dryers. Assessing the capacity helps estimate potential income generated from dried products, calculate 
return on investment, and make informed decisions about the profitability of the drying operation. It aids in determin-
ing the economic viability of investing in solar drying technology and guides users in optimizing their production and 
marketing strategies.

The physical size of the dryer, also known as batch drying capacity or loading density, is a direct indicator of the drying 
capacity and can be used to designate different drying chamber sizes and structures. This is the number of products (in 
kg of fresh products) that were dried in a single batch using the product’s loading density. Drying capacity is primarily 
determined by the collector’s aperture area, the dryer’s size, the nature of the product prepared to dry or loaded, and its 
content of moisture. Loading capacity is among the parameters considered in the analysis of solar dryers [8, 27] conveni-
ence element is a crucial concern in the construction of a solar dryer.

The performance of cabinet-type solar dryers with the loading of 20 kg of wheat and under the unloading stage. 
Was compared by [28]. According to the results, the maximum plate temperature with a load of 20 kg of wheat was 
45–50 °C, whereas the maximum temperature with no load was projected to be 80–85 °C during the noon hour. 
This implies that loading has an advantage over small loading capacity in terms of commercial purposes [29]. Inves-
tigated the effectiveness of a solar-powered device for drying produce. They used Grapes and apricots weighing 
10 kg during their experiment. The result shows that the drying chamber has a 20% when drying 10 kg of grapes 
and a 33% efficiency when drying 10 kg of apricots. Thus, they conclude that even different products that have the 
same load, the dryer efficiency can vary. [30] tested a solar dryer at various loading capacities of 1500 g, 2000 g, and 
2500 g, the drying process for shiitake mushrooms to reach a safe moisture content took approximately 15 h, 17 h, 

Fig. 7   Schematic representation of the hybrid solar dryer [26]
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and 19 h, respectively. The time needed to warm the shiitake mushroom increased due to the increase in loading 
capacity. Additionally, it reduced the drying rate by lowering the average temperature in the drying chamber. On the 
other side higher loading capacity will result in an air exit from the drying chamber with a higher moisture content.

The effect of the load was also studied by [31] during their experiment, three trays containing 10 kg and 5 kg of 
evenly distributed tomato slices each were used for two sets of experiments. The drying rate increased for a load 
of 10 kg, by 8%, and for a load of 5 kg, by 14% [32]. Marked out that the simplest solar dryer setups are cabinet and 
greenhouse dryers, which employ passive drying. Due to their simplicity and low cost, cabinet dryers are typically 
built in 1–2 m2 sizes with capacities ranging from 10 to 20 kg, they are suitable for drying produce, spices, herbs, etc.

The drying capacity is calculated using Eq. (1) [33]

The loading density of a solar dryer with more than a tray is computed as follows [34]

where:
mp = mass of given product ready to dry (kg).
�l = loading density (kg.m−3).
Ac = Area of the solar collector (m2).

2 � Methodology

The main purpose of the review was to conduct an assessment of solar dryers’ loading capacity for agricultural 
products. So, to achieve the main target of the research a systematic review approach was applied. This approach 
was used by a lot of authors and it was mostly exercised by social science and medical researchers.

As explored by [35] systematic review’s use of explicit and rigorous procedures to locate, critically evaluate, 
and synthesize pertinent studies in order to address a specific question is one of its key characteristics. As stated 
by [36] systematic review is useful tool for those seeking to promote research knowledge and put it into action. 
As described by authors and co-authors of [37] despite being crucial components of evidence-based healthcare, 
systematic reviews and meta-analyses are still rather opaque.

The paper provides a review of many studies related to the capacity and size of solar dryers which were published 
in the last twenty-one years with the exception of solar tunnel dryers and other solar dryers applied to purposes 
other than agricultural products. The main databases or search engines used to collect the journal articles were Web 
of Science and Scopus i.e. (. conference papers, book chapters, technical notes, communications, reports, periodicals, 
case studies, and review papers are not included in the main topic of this review. However, in the introduction part, 
some review papers and books were included without any limitation on the year of publication. A total of 1230 
documents were obtained from both data bases (i.e., Web of Science (685 documents) and Scopus (545 documents)).

In a systematic review, inclusion and exclusion criteria were employed to identify what data should be included 
in the review and to ensure that only papers relevant to the question(s) addressed by the literature review were 
included [36].

The focus of the exclusion and inclusion criteria, as outlined in Table 1, was primarily on the main part of the 
review, encompassing subsections like 1.2 (sub title) and the discussion section. The remaining sub-sections con-
sisted of sources such as books, book chapters, and peer-reviewed materials that were published prior to 2000.
Twenty-nine papers were used in the introduction part and around four documents were also used in the method-
ology part. In other words, thirty-three references in-validated the inclusion and exclusion criterions.

(1)Drying capacity =
Initial Weight(kg)

Drying Time(hr)

(2)�l =
mp

Ac



Vol:.(1234567890)

Review	 Discover Energy             (2024) 4:6  | https://doi.org/10.1007/s43937-024-00031-x

3 � Discussion

To make it clear and easily understood the review was done by dividing it into four quinquennial periods (quinquen-
nial periods is period of time occurring every 5 years).

3.1 � First quinquennial period (2000–2005)

In this quinquennial period in all year, a lot of papers were published however only papers with specified written their 
drying capacity were included. In this quinquennial period, the minimum capacity was found 1 kg per batch that 
been created by [38] which was applied to dry lemon slice. The main finding of the research was lemon slices dried 
in a closed-type solar dryer had a higher overall in terms of sensory quality criteria. And in this quinquennial period 
the maximum capacity was 250 kg per day to dry onion and hay made by [39]. In the study the air temperature, the 
collector’s surface, and the product quality were the main parameters that influence drying. In the year 2001 related 
to the solar loading dryer capacity specified literature was not found.

Authors in reference list [40] were designed a hybrid drier powered by solar and biomass with a 16 kg loading 
capacity for fruits and vegetables specifically bananas and chili. [4manufactured a 2–3 kg-capable air solar collector 
(ASC) attached to a rotating column cylindrical dryer (RCCD) that can dry apricots [42]. Used a solar dryer that has 
9 kg loading capacity to investigate drying kinetics of pumpkinseed. The result reveals that the temperature of the 
air was the most important parameter that affected drying kinetics and increased the drying rate [43]. Used a solar 
dryer with a capacity of 5 kg to model a mathematically thin layer of apricots. And it has been demonstrated that the 
logarithmic drying model accurately depicts the apricots’ sun-drying curve [44]. Demonstrated on an indirect type 
natural convection solar drier capable of drying 10 kg of chemically treated grapes or green peas in 20 h of sunlight. 
The authors’ findings show that storage and chemical pre-treatment significantly shortened the drying times for all 
the crops they were used.

For drying agricultural products, a direct-type solar dryer with a burner was created by [45]. The researchers made 
a number of system evaluation tests, it was discovered that the dryer had a 20–22 kilo gram carrying capacity of 
fresh pineapple slices that were 0.01 m thick. In addition, they illustrated that integrating biomass burner with solar 
dryers increase the system efficiency [46]. Worked on the optimization of mixed-mode and indirect-mode natural 
convection solar dryers with a 90 kg grain capacity. The author comes to the conclusion that the indirect way of solar 
drying results in grain of a greater quality than the mixed approach.

A 5 kg carrying capacity included a solar air collector, a heat storage cabinet, and a solar chimney was designed, 
tested, and simulated of a unique low-cost tray drier with by [47, 48]. Conducted an empirical investigation on a 
solar-biomass combination dryer by subjecting it to a load trial using 18 kg of fresh ginger produce [49]. Studied 
the technical and economical viability and designed a solar dryer with a maximum batch size of 150 kg utilizing the 
products being dried and tested, chili and beef. As a result, drying beef with a solar dryer system was determined 
to be less expensive than drying chili with an electric heating system [50]. Tested how well a solar dryer performed 
utilizing hot air from solar collectors placed into the roof. In 4 and 3 days, respectively, the dryer can dry 200 kg of 
rosella flowers and lemongrass. Both as a solar collector and a farmhouse roof, the created solar dryer works well.

Table 1   Selection criteria of the systematic review of capacity solar dryers

Criterion Inclusion Exclusion

Publication type Originals articles Any other publication types
Availability of sources Available online as full texts and freely accessed 

and sources subscribed by our university
Not available online as full form and paid

Language English Any other languages
Used solar dryer types All types of solar dryers Greenhouse solar dryers and open sun dryers
Type of products being dried Horticultural products Any other products
Documents published period 2000-August 2023 Any research published before 2000 and after 2021
Databases Web of Science and Scopus Any other databases
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3.2 � Second quinquennial period (2006–2010)

In this quinquennial period, the solar capacity dryer’s capacity ranges between 1 and 250 kg. Among the developed 
solar dryers for instance researchers [51] built and tested built and tested three perforated trays stacked vertically 
accommodating 1.2 kg of fenugreek leaves to be used in household multi-shelf solar dryers [52]. Formulated inno-
vative solar-enhanced drying setups capable of handling 10.3 kg of fresh tea leaves for the drying process [53]. 
Conducted an empirical study exploring forced convection and solar drying with integrated desiccant. The drying 
process focused on green peas as the drying product, while the drying tray was loaded at a density of 4 kg/m2.

Researchers listed in reference [54] carried out an experiment to study the solar dehydration of preserved green-
gages. The drying chamber has the capacity to process 60 kg of salted greengages in one cycle. The results showed 
that the drying air inside the chamber was substantially warmer than the ambient air even on cloudy days [55]. 
Designed and examined a forced convection solar heat collector in a flat-plate configuration, intended for the dry-
ing of pre-treated cauliflower in batches of 100 kg each. The authors were used different pre-treatment chemicals. 
They found that Sodium chloride and sodium benzoate were not as effective as potassium metabisulphite in pre-
treatment process [56]. Assessed the effectiveness of a hybrid drier.150 kg of fresh turmeric rhizomes was used for 
the five distinct trials, and they were examined visually for any flows. The solar dryers with biomass have shorter 
drying times and higher-quality products than the open drying system.

A solar-assisted dryer was created, and the amount of energy needed to dry 2 kg of onions was assessed [57]. 
The result indicates total energy consumption reduced as the fraction of recycled air increased, and [58] utilized a 
drying chamber tray that has a loading density of 5 kg/m2 to study the solar drying characteristics of strawberries. 
Increased surface area caused more moisture to evaporate while drying [59]. Developed, constructed, and tested an 
indirect type natural convection sun dryer with integrated collector-storage solar and biomass-backup heaters for 
drying twelve batches of fresh pineapple, each batch weighing around 20 kg. The researchers deduced that even in 
unfavourable weather conditions, the drying process was successfully accomplished when utilizing the solar-biomass 
operational mode [60]. Constructed and examined an indirect forced convection solar dryer that integrated a desic-
cant system. This setup was utilized to dry 20 kg of green peas and slices of pineapple and rice. Thus, they discovered 
that adding a reflective mirror to the desiccant bed enables solar drying with faster desiccant material renewal.

A semi-continuous solar drier for cereals was conceived, made, tested, and optimized by [61]. The dryer could hold 
up to 132 kg of rough rice at a time. They conclude that there was a substantial relationship between air mass flow 
rate and discharge interval time and rough rice moisture content along the dryer bed [62]. Introduced a mixed-mode 
natural convection solar crop dryer (MNCSCD) for drying crops like cassava. A batch of cassava weighing 160 kg was 
dried and examined [63]. Compared solar hybrid dryers and improved copra kilns to investigate the drying behavior 
and quality of copra. In each trial, 700 nuts were converted into around 147 kg of copra, and each batch’s moisture 
content was reduced by about 116 kg [64]. Demonstrated experimental performance and modelled roof-integrated 
solar dryer’s that can dryer up to 200 kg of fresh rosella and chilli. Good agreement was also found between experi-
mental and simulated moisture contents.

A biomass burner, heat storage, and a backup heater for natural convection that was designed and tested by 
[65]. It was discovered through a series of system evaluation studies that the dryer could store 60–65 kg of newly 
harvested, unshelled groundnuts. They noticed adding heat storage with biomass burner to solar dryer increases 
the thermal efficiency [66]. Convection solar dryer used to dry cop. They observed the trays had different capacities 
for removing moisture content. Thus, the bottom tray was removing a little greater moisture than the top tray [67]. 
Built and tested a cabinet dryer for drying fruit and vegetables using indirect solar energy. During the test, a drier 
was used to dry 4 kg of fresh bitter gourd [68]. Made and evaluated a cabinet-style dryer designed for the dehydra-
tion of fruits and vegetables utilizing indirect solar energy. In the testing phase, the dryer was employed to desiccate 
4 kg of freshly harvested bitter gourd.

The best design for a solar-assisted drying system for bananas was determined using a mathematical model. It 
has been used for drying since 2000 and has a capacity of drying 250 kg of bananas [69, 70]. Figured out how to dry 
apples using a heat pump and a sun dryer. For testing, a digital balance with a 6 kg apple capacity was employed. In 
the end, they find that raising the internal air consumption ratio raises the temperature of the drying air, but lowers 
the moisture absorption capacity of both heat pump and solar dryer dryers when the relative humidity of the drying 
air increases [71]. Examined the kinetics of drying tomato slices that had been dehydrated in a solar-electric drier 
using a drying chamber that held 6 trays and 12 kg. With R2 = 0.9999, the Middli model emerged as the most reliable 
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predictor of tomato slice drying behavior among the models tested [72]. Created solar dryer for cocoa beans that 
runs intermittently. A batch of 50 kg wet cocoa beans was intended to fit inside the prototype.

It has been developed and tested to work as a forced indirect convection solar drier in conjunction with numerous 
useful heat storage mechanisms. Performance for drying chill under the measured conditions at Pollachi, India by [73]. The 
dryer had the capacity to accommodate approximately 50 kg of chili per cycle. The conclusive assessment demonstrated 
that a solar dryer utilizing forced convection is more effective in generating superior quality dried chili, particularly suit-
able for small-scale farmers [74] built and assessed a double-pass solar dryer’s effectiveness for drying red chili. A total 
of 45 kg of fresh chili was used for each experimental set. Red chilies were dried in central Vietnam using a double-pass 
solar dryer, which was found to be both technically and economically practical.

3.3 � Third quinquennial period (2011–2015)

In a similar manner to the previous quinquennial period in this time frame also a lot of authors designed, and develop 
different solar dryers with different loading capacities. For example, For the purpose of drying red chili, a double-pass 
solar dryer with a 45 kg capacity was created, and its performance was assessed by [75] and contrasted with that of a 
standard cabinet dryer and the conventional open-air sun. The results demonstrate that, in order to achieve the desired 
moisture content of 10% (on a wet basis), the drying times (including nights) were 32 and 73 h, respectively. But even 
after 93 h (including nights), open-air solar drying is unable to achieve the desired moisture content of 10%. (On a wet 
basis) [76]. Designed and built a cylindrical solar drier with a 70-kg drying capacity that was used to dry bean crops [77]. 
Carried performed experiments and created a numerical model of a solar dryer with a packing density of the drying tray 
of 16 kg.m−2 to characterize apple slices. The authors learn more about the actual effects of interruptions on the product 
from the numerical simulations used in the intermittent tests.

A distinctive solar dryer for crops was designed by [78] providing uninterrupted drying capabilities and a capacity of 
up to 12 kg of freshly harvested green herbs, ensuring the retention of their flavor and vibrant color. Six crop trays with 
an effective size of 0.50–0.75 m2 and a maximum collector area of 1.5 m2 were included. As a result, it was discovered at 
Jodhpur in the middle of the night in June that the drying chamber’s temperature was 6 °C higher than the ambient air 
temperature. This was because there was more storage material there [79]. Introduced laboratory models of direct (cabi-
net), indirect and mixed mode solar dryer were designed and constructed to perform no-load steady state experiments 
for natural and forced air circulation to determine convective heat transfer coefficient from plate to air of collector(hcpf) 
(W/m2 °C). The authors reported that natural convection cabinet dryers of the direct type with carrying capacity of 
10–15 kg are popular among farmers, especially in India to dry 10–15 kg of fruits and vegetables at the household level 
A forced convection system powered by solar energy was designed by [80]. The solar dryer has a 6 kg loading capacity 
for drying fresh chili [81]. Examined the effectiveness of a solar-gas dryer combination. In the chamber, the load density 
was 4.75 kg per square meter of the tray. They conclude that the factors that had the greatest effects on the collector’s 
thermal efficiency were air mass flow, collector angle of inclination, and the difference between the temperature inside 
and outside the collector. Additionally, they noted that while the hybrid drying system’s effectiveness was comparable 
to that of a liquid propane gas (LPG) drying system, it had the benefit of utilizing 20% less fuel without compromising 
the dried product’s quality (Fig. 8).

The life cycle cost of solar biomass hybrid dryer systems for drying cashew nuts, in India was investigated by [82]. 
A 40 kg loading capacity for renewable energy-based drying devices was suggested for use in small-scale cashew nut 
processing enterprises. To evaluate the viability of three renewable-based drying systems, four economic variables were 
evaluated. It was concluded that the development of a solar-biomass hybrid dryer was crucial for small-scale processing 
industries.

3.4 � Fourth quinquennial period (2016–2023)

The drying process inside a chimney-dependent solar crop dryer (CDSCD) with a loading density of 5.4 kg/m2 has 
been simulated and validated by [83]. The validation results indicate that the simulation code can serve as a valuable 
instrument for comparing and enhancing the design of CDSCD to achieve optimal drying performance [84]. Employing 
a double-pass solar air collector, heat pump, and photovoltaic unit, a novel form of solar dryer with a 6.1 kg capacity 
was conceived, built, and experimentally proven. The trial results showed that the double-pass collector had a thermal 
efficiency that ranged from 60 to 78 percent [85]. Conducted an experimental research and evaluation of a hybrid solar/
thermal dryer with a capacity of 60–65 kg paired with an additional recovery dryer for drying fresh, unshelled groundnuts. 
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The overall drying efficiency increased from 10.3 to 13% when a hybrid dryer and recovery dryer were used, as opposed 
to hybrid drying alone. The use of sub dryers for thermal recovery was encouraged and confirmed enhancement way to 
maximize fuel efficiency and increase system capacity.

A solar air heater was created to assess the drying rate of apples. To enable a continuous drying process, an energy stor-
age system was devised and produced for packed beds. Throughout the research, batches of apples weighing between 
5 and 7.5 kg were dried using this equipment [86]. The importance of the developed system’s was that, compared to 
other drying technologies, it uses 76.8% less energy [87]. Examined the energy and exergy used in the solar drying of 
ginger and ghost pepper. During the experiment, nine kilograms of newly harvested, ripe ghost peppers and thirteen 
kilograms of sliced ginger were dried. On the same year [88]. Examined the results of performance tests on a forced con-
vection sun dryer and a shell and tube latent heat storage unit made of paraffin wax. Red chilies weighing 20 kg were 
dried in the dryer at a temperature range of 36–60 °C [89]. Introduced and studied the performance of an innovative 
solar drying system designed for the dehydration of osmotically treated cherry tomatoes. 100 kg of cherry tomatoes 
were osmotically dried in each of three batches between May and June 2014. In comparison to natural sun drying, the 
new solar drier significantly reduced drying time.

A multi-pass solar air heating collector system’s thermal performance was studied for drying roselle by [34]. The pur-
pose of the study was to evaluate the efficiency of a granite-enhanced forced convection multi-pass solar air heating 
collector (MPSAHC) system. A total weight of between 75.2 and 81.3 kg can be dried by the MPSAHC system. The MPSAHC 

Fig. 8   Flow chart of the selec-
tion process
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dryer revealed a significantly faster drying time of 21 h when compared to the open sun drying method (OSDA), which 
was carried out concurrently under comparable weather circumstances [90]. Fabricated a solar energy dryer with a 10 kg 
capacity and examined for its performance in drying tomatoes.

An indirect forced convection sun dryer (IFCSD) with an extra heating source has been described by [91]. During 
the experiment, 24 kg of mango slices were dried at four different temperatures [92]. Locally created and tested active 
(forced) and passive (natural) modes for a 4 kg sun drying system [93]. Developed and evaluated both active (forced) 
and passive (natural) modes for a 4 kg solar drying setup on a local scale [94]. Examined how well a step-type natural 
convection sun drier worked for drying beans. For tests on dehydration, 5 kg of processed beans were spread out on 10 
trays [95]. Carried out an experimental analysis of an indirect forced convection solar dryer with sensible heat storage 
material (SHSM) and phase change material (PCM) integration with a loading density of 9 kg/m2 in the Himalayan climate 
(latitude 30.91°N). Performance evaluation of a packed bed thermal energy storage (TES) system-integrated solar dryer.

A Takagi Sugeno fuzzy (TSF) model was created for an indirect hybrid solar-electrical dryer operating under forced 
convection at a rate of 0.027 kg/s. by [96]. The drying chamber has a total capacity for four mesh trays, covering a drying 
area of 0.94 m2. The TSF model was applied to forecast the drying temperature under no-load conditions [97]. Explored 
the drying behavior of orange slices that had an average thickness of 5 mm. Each experimental trial consisted of drying 
an average batch of 10 kg of orange [98]. Investigated how the solar drying technique affected the bioactive profile of 
Moroccan sweet cherry as well as drying kinetics. With a volume flow rate of 0.1845 m3/s and constant temperatures of 
60, 70, and 80 °C, 3 kg of cherries were placed on drying trays and dried for 8, 6, and 4 h, respectively [99]. Demonstrated 
how effectively bananas may be dried at home using direct forced convection. On a flat plate collector, a parabolic-shaped 
solar dryer was built, complete with a polycarbonate plate cover. 10 kg of bananas were dried for each batch [100]. 
Examine the drying model and assess the quality of the turmeric utilizing a solar thermal system. In addition, they did 
performance and quality testing of the 10 kg capacity INCSD is carried out at various drying temperatures. Experimental 
data show that the page model is more appropriate for INCSD and open sun drying (OSD).

The performance of a hybrid solar biomass dryer for drying shelled corn was enhanced by using an ANSYS workbench 
[101]. The drier can dry 90 kg (on a wet basis) of maize per batch. The study suggests that the hybrid solar biomass drier 
(HSBD) was appropriate for drying maize and other agricultural goods because continuous interrupted drying is possible. 
The dryer’s ability to maintain a steady temperature and air flow in the drying chamber allows for the speedy produc-
tion of high-quality dried goods [102]. Developed and evaluate the performance passive flat plate collector solar dryer 
for agricultural product with carrying capacity of 7. 5 kg used to dry mushrooms. They also compared with open drying 
system. And the results showed that after 21 h of developed dryer, the samples’ moisture ratio was zero, whereas it took 
33 h of open sun drying for the same sample to reach zero.

An assessment of the solar grain dryer designed by science for society (S4S) for the drying of paddy seeds was car-
ried out by [103]. The capacity of the dryer was varying between 42.4 and 55.0 kg batch-1. Depend on the paddy the 
assessment of the dryer’s efficiency and seed quality was conducted using established formulas and techniques [104]. 
Presented an innovative through-flow evacuated tube collector for air heating in an active-mode indirect solar dryer. 
Depending on the drying product, the tray-style dehydration chamber’s loading capacity ranges from 6 to 45 kg. The 
study’s concluding finding said that dried fenugreek leaves and turmeric were found to be of greater quality than open 
sun drying (OSD). When compared to the entire present value of life cycle savings, the capital cost of the solar dryer is 
negligible, according to its economics [105]. Devised, constructed, and assessed the effectiveness of a vacuum tube 
solar dryer engineered for the drying of garlic cloves. A batch of 10 kg of dried garlic cloves was employed to appraise 
the operational efficiency of the developed experimental setup.

Authors mentioned under number [106]. Evaluated in terms of performance and cost and modified solar drier with 
thermal energy storage that was used to dry blood fruit. The drying unit consists of two shelves with four aluminium 
plate trays of 20 kg drying capacity and an iron frame holder. Exergy analysis, energy payback period, carbon dioxide 
emissions, and cost payback period were conducted for the MSD (Modified Solar Dryer) and demonstrated superior 
results compared to the tray dryer (TD) The newly constructed solar dryer may be expanded to any capacity and will be 
perfect for small businesses and marginal farmers [107]. Investigated the practical testing of a residential solar dryer for 
drying bananas and introduced a modeling approach for optimizing banana drying using this solar dryer. The dryer was 
used to conduct 10 full-scale experimental runs, with 10 kg of ripe bananas being dried for each trial, to examine the 
experiment’s performance. A set of partial differential equations that characterize the heat and moisture transfer in the 
process of banana drying was formulated and solved using numerical methods, specifically the finite difference method 
[108]. Designed innovative hybrid-solar-vacuum dryer with a maximum load of 4 kg to dry banana slices. The dryer was 
tested with persimmons and carrots, successfully producing dried and crispy products within 3–4 h. The hybrid solar 



Vol.:(0123456789)

Discover Energy             (2024) 4:6  | https://doi.org/10.1007/s43937-024-00031-x	 Review

dryer, operating in a vacuum environment, represents an innovative and environmentally friendly technology that con-
sistently delivers high-quality products. It exhibits significant potential for adoption in small-scale farming operations.

A new method of drying cashew kernels has been introduced by [109] for the drying of cashew kernels. With the aid 
of this innovative technique, cashew kernels with a capacity of up to 30 kg solar dryer have been successfully dried in 
batches over the course of 360 min of solar radiation at an average energy consumption of 255 kJ. The results of the 
trials were supported using an artificial neural network (ANN) and response surface methodology (RSM), leading to 
improved performance parameter prediction and optimization [110]. Discussed the development and assessment of a 
cabinet-style shrimp drying system that combines both solar and an additional infrared heat source. The drying chamber 
can hold a maximum of 2500 g and operates at a 16.37 percent efficiency. The hybrid dryer has four drying modes and 
three different pre-treatment kinds.

A recirculating solar energy dryer equipped with an energy-saving feature and a recuperative heat exchanger has 
been designed for the purpose of drying agricultural products, with a capacity of loading 30 kg drying fresh product 
was developed by [111]. Additionally, a mathematical model has been introduced to describe the drying processes 
within this particular solar energy dryer. Among the models considered, the Henderson and Pubis model demonstrated 
the closest alignment between the calculated results and the experimental data [112]. Developed, tested and modified 
force convection sun dryer (MFCSD) for drying elephant apple slices. The MFCSD comprises of two solar collectors and a 
drying chamber with a 20 kg drying capacity. It was discovered that the two-term exponential model was very effective 
at describing the drying kinetics of elephant apple slices dried in MFCSD.

A solar dryer with a drying capacity of 15 kg has been created and manufactured specifically for mango drying 
purposes They were also evaluated the performance of indirect type forced convection solar dryer used to dry mango. 
Different performance indicators parameters such as instantaneous collector efficiency, drying efficiency, drying rate, 
coefficient of performance (COP), heat utilization factor, and moisture content on a dry basis were used to evaluate 
the performance of the dryer [113, 114]. Designed and presented prototype hybrid photovoltaic thermal (PV—T) solar 
dryer aided with an evacuated tube collector (ETC) with loading capacity of 1.5–2 kg for drying of cassava slices under 
the meteorological conditions of Thanjavur, Tamilnadu, India. The suggested hybrid dryer was profitable and able to 
produce high-quality dried products.

To reduce reliance on the non-renewable commercial tea drying technology, a sustainable solar-powered PVT tea dry-
ing system that can with loading of 4 kg of green tea has been developed and tested [115]. An indirect mode solar dryer 
utilizing forced convection and powered by photovoltaic technology (PVT) has been constructed and examined. 5 kg 
kilograms of tomatoes in total were dried in the PVT solar drier; one kilogram of tomatoes was dried in each drying tray 
[116, 117]. Evaluated the environmental and economic implications of a mixed-mode solar dryer that uses photovoltaic 
assisted with thermal energy storage and exhaust air recirculation. The dryer was designed to hold up to 5 kg of drying 
items and consist of two trays of 80 × 50 cm each.

For drying ber (Zizyphus mauritiana) fruit, a hybrid solar dryer with the drying load of 18 kg that combines photovol-
taic and thermal (PV/T) technology was being designed and its performance assessed[118].assessed the performance 
and quality parameters of photovoltaic-thermal solar dryer with drying capacity of 2 kg for drying neem leaves. The 
aim of this study was to assess, through experimentation, how well a photovoltaic-thermal indirect mode solar drier 
performs when drying neem leaves in different weather situations throughout the year [119]. Developed a sustainable 
photovoltaic-thermal (PVT) solar drying system to maintain zero carbon emission in the drying process. A total of 2.5 kg 
of star fruits were used during the experiment, and each drying tray contained 0.5 kg of product. Sustainability indica-
tors were evaluated using energy and exergy performance, and environmental and economic evaluations (4E) will be 
conducted for both forced convection drying (FCD) and natural convection drying (NCD) scenarios [120]. Assessed the 
performance and quality parameters of photovoltaic-thermal solar dryer with drying capacity of 2 kg for drying neem 
leaves. The aim of this study was to assess, through experimentation, how well a photovoltaic-thermal indirect mode 
solar drier performs when drying neem leaves in different weather situations throughout the year.

4 � Conclusion

This comprehensive analysis explores the vital area of solar dryers in the context of preserving agricultural products. 
With the development of solar dryers, post-harvest losses in agricultural product have decreased and food security has 
increased. Solar dryers are a sustainable and environmentally friendly option for drying produce. To determine the carry-
ing capacity of these solar drying systems, the study carefully evaluates a broad range of research articles covering various 



Vol:.(1234567890)

Review	 Discover Energy             (2024) 4:6  | https://doi.org/10.1007/s43937-024-00031-x

geographical regions and technology advancements. In conducting this review, we first embarked on a comprehensive 
search of peer-reviewed literature, conference proceedings, and technical reports to identify a diverse array of methods 
and technologies employed in solar drying chambers used for agricultural products.

The review’s conclusions offer useful information for farmers, decision-makers, and researchers alike by illuminat-
ing the potential and restrictions of solar dryers in strengthening agricultural value chains. As mentioned in numerous 
articles, the temperature in the solar drying chamber was significantly elevated compared to the ambient temperature, 
even under overcast conditions. The quality of the dried products achieved by solar drying was on par with commercial 
branded products. The integration of heat storage by a biomass burner into the solar drying process increases its thermal 
efficiency. Among the parameters of the drying system, the air temperature is the most important. Higher temperatures 
lead to shorter drying time and higher efficiency. It was also found that increasing the surface area increases the moisture 
loss during the drying process.

"In conclusion, this systematic review offers a comprehensive assessment of the carrying capacity of solar dryers 
for agricultural products. Through an analysis of numerous research studies, it becomes evident that solar dryers hold 
considerable promise in mitigating post-harvest losses and promoting sustainable agriculture. The findings underscore 
the importance of continued advancements in solar dryer technology to enhance drying performance, reduce energy 
consumption, and improve overall cost-effectiveness. Furthermore, the environmental benefits of utilizing solar energy 
for drying operations are significant, contributing to a reduction in the carbon footprint associated with conventional 
drying methods.
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