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Critical Review On Different Technologies Of
Solar Dryers

Idrees M A SH Alkandari

Abstract: The storage of agricultural products has long been a problem in developing countries. Because most countries' populations are growing at a
quicker rate, food shortages are a possibility in such countries. Many ways of food preservation are utilized to prevent this problem, with solar drying
being one of the most prominent. Because solar energy is inexpensive and readily available, it is advantageous to dry agricultural goods in the most
efficient manner possible. Direct sunlight exposure to dry things has a negative impact on product quality. It is planned to review a solar dryer technology
to achieve higher drying rates in different climates. The primary goal of this study is to review all active and passive solar dryer technologies. Finally, it is
concluded that, the food dried in a solar dryer was higher than food dried in direct sunshine. Furthermore, the forced convection solar dryer dried faster

than the natural convection solar dryer.

Index Terms: Energy; Renewable energy; Solar energy; Solar dryer; Food dryer; Economical; Food Security

1 INTRODUCTION

Food is the most fundamental essential for survival. Minerals
are required by humans in order to produce energy. Therefore,
this energy assists humans in meeting their demands, whether
they are concerned with internal or exterior bodily processes.
To sustain life, the human body needs a constant supply of
food to maintain a healthy immune system. There can be no
compromises in the body's food supply. As the globe
progresses, a growing number of studies on the issue of food
storage are being conducted [1]. The storage of agricultural
goods has been a significant concern in developing countries.
As the population is increasing at a faster rate in most
countries, the shortage of food can occur in such countries. To
avoid this problem, many methods of preserving food are
being used, of which the solar drying methods are important
ones [2]. In the present era, many methods are being used to
preserve food, from which there are some methods in which
some reasons do not preserve the minerals of food. The most
common reason for the loss of minerals in stored food is
harmful rays that are emitted by the sun. So, it is better to go
for the method of drying, which does not result in any loss of
minerals; as mentioned earlier, "no compromise can be made
on supply of minerals to the human body." Storage of food is
regarded as the most critical substitute to solve the shortage of
food due to the increasing population. The best possible way
to prevail in food storage is by consuming solar energy, which
is free of cost [1].

It is well known that solar energy is available to everyone and
is the cheapest energy source. Thus it is beneficial to
consume solar energy in the best possible way to dry
agricultural products [3]. In ancient days, people used the
direct drying of crops, fruits, and vegetables. Due to direct
exposure to sunlight, minerals of fruits, vegetables, and crops
were used to burn. It was a significant loss experienced in the
method of solar drying. Many scientists took an interest in
developing solar drying methods in order to preserve the
minerals. Their keen interest in drying methods resulted in an
indirect method of solar drying. The research does not stop
here; many ideas were also invented that have different merits
and demerits of solar drying [4].
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The research will be based on analyzing different kinds of
solar drying. The indirect method of solar drying results in no
loss of minerals when it is used to preserve food. Since the
sun rays are not directly directed on the product to be dried.
So, there is less exposure of product with the harmful sun
rays. The temperature limit can be controlled as compared to
the direct method of solar drying. Cost-effective analysis is to
be carried out. Analysis of different thermodynamics terms is
to be carried out to compare it with all other types of drying [5].
A. Tiwari [1] carried out an analysis on solar drying process of
crops in 2016. Solar energy was used to dry crops in the day
time. Thus, no cost for external energy was involved. It helped
farmers to stick to the solar dryers to dry crops as it is the most
effective and economical method for drying purposes.

2 SOLAR DRYING

Basically, in drying methods, the dehumidification of
agricultural products is carried out due to which bacterial
activities are slowed down, and food can be preserved for
longer times [6]. The method of solar drying is further
categorized, as shown in Figure 1.

| Solar Drying |

l |

Open Sun Drying |

| Natural 1 |

! 1 1

| Indirect | | Hybrid |

Fig. 1. Characterization of solar drying process [6].

2.1 Classification on the base of air flow

2.1.1. Active solar dryers

In these types of solar dryers, the air is forced into the drying
chamber using external energy sources, such as fans,
blowers, etc [7]. The illustration of active solar dryer is shown
below in Figure 2.
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Fig. 2. lllustration of Active solar dryer [3].

2.1.2. Passive solar dryers

In these solar dryers, air is allowed to flow by natural effects,
uch as buoyancy. These solar dryers are suitable for a small
level of drying purposes, i.e., a small quantity of food [7]. The
illustration of passive solar dryer is shown in Figure 3.
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Fig. 3. Passive solar dryer [7].
2.2. Classification on the base of contact

2.2.1. Open sun drying

In this method, the product to be dried is directly placed in
open sunlight, due to which the minerals in products get
burned. Since UV rays are harmful to crops and foods, thus it
is beneficial to avoid direct contact with crops and the sun. Not
only this, but there are many chances of crops and food
contamination due to insects and changing weather

conditions. The quality achieved in dried crops' open sun
drying process is a compromise. The food obtained thus does
not fulfill the requirements of human supplements. It was the
primary method of drying crops and fruits to preserve food [8].
The open sun drying is presented in Figure 4 [9].

Fig. 4. The open sun drying [9].
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2.2.2. Indirect solar dryers

An indirect solar dryer contains a drying chamber and a
collector. The collector collects the incoming air and sends it to
the drying chamber. The product to be dried is placed in a
drying chamber. The drying chamber is made of an insulating
material that does not allow sun rays to enter through it. The
collector has glass on it. The glass is placed on the top of the
collector to pass sun rays through it. The air flowing in the
collector gets heated due to sun rays. This hot air then goes
into the drying chamber. The hot air coming into the drying
chamber carries away the moisture of food to be dried along
with it and leaves the drying chamber by an exhaust pipe. The
indirect solar dryer should be made in such a way so that no
moisture could enter through it. The closed structure of this
type of dryer also does not allow insects to contaminate the
food. Thus, in this type of solar dryer, no compromise is made
on the quality of food, and food obtained is enriched with the
minerals necessary for humans' requirements. In indirect solar
dryers, the drying chamber and collector are separate units,
due to which in indirect solar drying, the product to be dried is
not directly exposed to harmful sun rays. Thus the quality of
the product obtained in an indirect solar dryer is reasonable
compared to all other solar drying methods [8]. The indirect
solar dryer is shown in Figure 5 [7].

Air flows

Trays T L J

Glass

Collector

Figure 5: Illustration of indirect solar dryer [7].

2.2.3. Direct solar dryers

The drying chamber and collector are a single unit in direct
type of solar dryers. This means that the drying chamber itself
is made of glass. The air comes into the drying chamber and
gets heated, which then carries away the moisture content of
food, and food is then dried. The only advantage achieved in
this method is that the food is prevented from insects and
changing weather conditions. Although harmful rays may pass
through glass and are directed upon food, thus resulting in
minerals loss, the advantage is the low initial cost to establish
a solar dryer [10]. The illustration of direct solar dryer is shown
below in Figure 6 [10].
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Fig. 6. lllustration of direct solar dryer [10].

2.2.4. Hybrid solar dryer

A hybrid solar dryer is the dryer in which the method of drying
is obtained by using both direct and indirect solar dryer
techniques. In this method, the temperature of the drying
chamber is more than individual direct and indirect solar
driers, thus decreasing the drying process time. Though the
compromise is made of the quality of food. The high
temperature in the drying chamber is achieved because both
the collector and drying chamber are exposed to the sun. The
air first gets heated in the collector and then in the drying
chamber, increasing its temperature. The illustration of hybrid
solar dryer is shown in Figure 7 [11].

Rotation
Wind ventilator

Drying tray

Drying cabinet with
transparent walls

Figure 7: The illustration of hybrid solar dryer [11].
2.3. Classification on the base of energy source

2.3.1. Natural & forced solar convection dryer

In a forced convection solar dryer, an external source is used
to increase the heat transfer rate, whereas, in a natural
convection solar dryer, no external source is used [12]. The
forced convection process usually demands more cost than
natural convection solar dryers. Thus, it is not economical to
go for forced convection solar dryers. Since in today's era, the
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energy only for drying purposes [12].

2.4. Benefits of solar dryers

Some of the most significant benefits of solar dryers are
discussed as follows [12]:

The quality of dried food is better.

The temperature achieved is high.

Due to high temperature, drying time was less.

Food is prevented from insects.

Food is not exposed to moisture during the rainy
season.

agpwNE

2.5. Disadvantages of solar dryers
Followings are the flaws of solar dryers [12]:

1. The use of solar dryers is limited only during the day,
although it is made to make it useful at night and by
using some storage medium of energy.

2. The temperature achieved in solar dryers is
sometimes very much higher than the needs, which
may distort food quality.

3. During rainy seasons, the use of solar dryers is not
beneficial.

2.6. Applications

It is used in drying spices like chilies, coriander, pepper, and
turmeric and dehydrating fruits and vegetables like mango,
grapes, banana, carrot, potato, and many others. It is also
instrumental in drying herbs that need to be protected from
direct sunlight. Medicinal plants used to benefit from the solar
dryer. Solar dryers assist in reducing fuel use and pollution
and increase the quality of the final product. Another
application of solar energy in agriculture is greenhouse
heating. Solar greenhouses are designed to use solar energy
for heating and lighting as needed to maintain the temperature
required to grow plants throughout the winter months. People
have been drying fruit and vegetables for thousands of years
to save for a rainy day. New technology ushered in new ways,
but the growing desire for nutritious, low-cost natural foods, as
well as the requirement for long-term income, has pushed
solar drying to the forefront as a viable option for excess
items.

1. Dried fruits and vegetables, high in vitamins, minerals,
and fiber, boost family nutrition; for diabetics, dried
fruit cooked without sugar is a healthy alternative to
treats.

2. Dried fruit can be eaten as a snack or used in stews,
soups, and casseroles. It can also be used to make
ice cream and baked goods, and cereals for
breakfast.

3. It strengthens farmers' bargaining position. Because
they can't store or keep their surplus crops, farmers
can sell at relatively low rates during the harvest
season.

4. Individuals are encouraged to start their gardens.

5. Drying takes less time because the dryer is warmer
than the outside.

6. Because of the speed with which the food is dried,
there is a lower chance of deterioration. (If the drying
process is too slow, the fruit will ferment and destroy
the product.)

world is also facing an energy crisis, so natural energy 7. The item_is resistant to insects, bUgS, rain, and dust.
sources should be used to overcome energy issues. As solar 8. It saves time and effort. _ N
energy is free and readily available, it is beneficial to use solar 9. The product's quality is improved in terms of nutrition,
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tal solar used humidity, Phase 3 CONCLUSIONS
dryer with phase weight, air change . . .
phase change mass rate mit In developing countries, agricultural produ_ce storage has Io_ng
change material reduces been a challenge. Food shortages are a risk in most countries
material (paraffin the drying since their populations are rising at a faster rate. To avoid this
(medicinal | RT-42) time. problem, many methods of food preservation are used, with
herb) Phase solar drying being one of the most popular. Solar energy is
change . . . -
mit hglps cost-effective and readily available; therefore, it makes sense
to supply to dry agricultural commodities as efficiently as possible.
hot air Exposure to direct sunlight to dry goods has a detrimental
after influence on product quality. It is proposed to examine a solar
;ﬁ?etl(f dryer technology capable of achieving more excellent drying
o . . . = .
rates in various climes. The fundamental objective of this
Indirect PM) research is to examine all active and passive solar dryer
Solar technologies. The quality of food dried in a solar dryer was
dryer higher than that of food dried in direct sunlight. Furthermore,
with high the forced convection solar dryer dried the food items faster
Phase PCM, thermal than the natural convection solar dryer. The quality of food
Change (307 conductive dried in the solar dryer was good compared to the open dryin
Material Is | tilted particles Y as g b . P ying
Used for surface, | - with process. In the open drying process, the quality of food items
Energy 3 phase erum paraffin was not good since, in direct contact with the solar radiation,
S.Sh . h . Oleander - . . .
alaby Storage in | induction | i wax as the minerals of food items got burned, and discoloration
et Solar motor temp may [24] occurred. The weather condition had not affected the quality of
al.20 Bgliﬂﬂnm g}zmeﬁg (50+2.5 °C), fprove food items dried in the solar dryer, while the one dried in an
15 Oleander | fan (0.3 é4 hours thermal open environment was affected by dust and other weather
Using m rying time, performan conditions. Furthermore, both natural and forced convection
Indirect diameter) ce of the produced effective outcomes for the forced ones. Food items
Solar » Midilli indirect dried in the natural convection sun dryer took longer than
Energy. znd ) Zo'a' those dried in the forced convection solar dryer. Finally, it was
m‘:ﬁgl for ryer. demonstrated that an indirect sun drier with forced convection
NeriumoOl installation provides the best contribution to drying
eander applications.
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