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Abstract
Solar energy is considered one of the most important renewable energies where it does not need to exert effort to extract it.
The solar drying of agricultural products is one of the most important applications of using solar energy. Using of modern
technologies in the design of vegetable and fruit dryers has increased. However, this industry still faces many problems. Sun
doesn’t continue to shine during the night or in the clouds. This review presents feature of solar energy and their applications
in different agricultural Production are of substantial importance and a contestation to researchers and scientific research,
one of the main problems of using solar energy is that the sun available in large quantities on the day and ends when the sun
sets so you must store the solar energy during the day and then be-used during the night. In order to take advantage of solar
energy during the night has been adopted several ways to store solar energy during daylight hours and the most important
of these methods are using different types of solid materials, for example Basalt, Sand and Gravel. The effect of solid
materials treatments on storability of solar energy is reviewed herewith, which may help to the researchers in planning their
experiments abut “solar energy” more useful and in right direction to get more accurate results. Renewable energy audits aim
to provide information, data and readings to researchers and stakeholders in renewable energy for years to come.
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Introduction
At the present time, solar energy is more attractive

than ever as alternative energy resource which can
provide heating, cooling and hot water at economically
competitive costs and without environmental hazard.
Because of the desirable environmental and safety
aspects of solar energy, it is advisable to replace of nuclear
or fossil energy even when its costs are slightly higher.
However, there is problem in using solar energy which
can only be collected during daylight hours and sunny
days. Thus, some provision must be made for storage to
accommodate night time and cloudy-days demand, but
all these disadvantages are outweighed by the twin benefit
of the universality of the source and long term economy
of operating a solar energy system (Ghoniem and Gemea,
2014). The use of the sun in the drying of agricultural
products is the old way in most countries especially the
third world countries. Sun drying displays an affordable
method of drying, but often results to inferior quality of

products due to its dependence of weather conditions
and vulnerably to the attack of dust, dirt’s, rains, insects,
and microorganism (Esper and Muhlbauer 1998). Solar-
powered drying is better than traditional methods and it
has been developed for various agricultural products. Solar
energy for yield drying is Eco friendly and economically
applicable in the developing countries (Aktas et al. 2016,
Gulcimen et al 2016, Kant et al. 2016, Schirmer et al
1996, Misha et al. 2016 and Ziaforoughi and Esfahani
2016). Solar energy reaches our planet a lot Greater than
the needs of our civilization. The main obstacle on the
way to its wider use is high variability. This fact determines
the need to provide a way to store the energy for the
time when the Sun is not shining over particular region or
the radiation is not sufficient (Kapica, 2017). In a study
by (Gemea, et al. 2012) the amount of hourly heat stored
in at thickness 60 cm was higher than at thicknesses 40
and 20 cm. Basalt is superior to sand and gravel by giving
the best results in each case, the amount of hourly heat
stored in basalt at thickness 60 cm was higher than at
thicknesses 40 and 20 cm. by 4.83 and 15.8% respectively,
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when the storage units are closed during daylight. And
by 7.4 and 25.6% respectively, when the storage units
are open during daylight. Duansheng et al. (1991), studied
experimentally the thermal efficiency of the walls of two
different types of the greenhouses. The first type wall of
the greenhouses was built by rammed earth with 0.50m
thickness and that second type of greenhouses held the
vacancy interlayer brick wall. From inside room to outside
room with brick of 0.12m, vacancy interlayer 0.12m and
0.24 brick respectively. Gil et al. (2010) cited that sensible
thermal energy storage consists of a storage medium, a
container commonly tank and inlet/outlet devices. Tanks
must both retain the storage material and prevent losses
of thermal energy. The existence of a thermal gradient
across storage is desirable. Sensible heat storage can be
made by solid media or liquid media. Solid media are
usually used in packed beds, requiring a fluid to exchange
heat. When fluid is a liquid, heat capacity of the solid in
the packed bed is not negligible, and the system is called
dual storage system. Packed beds favor thermal
stratification, which has advantages. An advantage of
dual system is the use of inexpensive solids such as rock,
sand or concrete for storage materiel. Oztutk and
Bascetincelik (2003) reported that the solid materials were
economically more attractive for high temperature heat
storage than fluids and their volume requirement were
nearly comparable. Direct contact between the solid
storage medium and heat transfer fluid was vital to
minimize the cost of heat exchange in a sensible heat
storage system. The charging and discharging process

of a thermal energy storage system was recommended
to be analyzed in order to optimize the system efficiency.
The choice of storage medium is often influenced by the
working fluid in a solar heating system. Thus, if air the
heat transfer fluid used in a solar system then rock bed
thermal storage is an obvious choice (Deffie and
Beckman, 2006). If the primary working fluid is a liquid,
then a liquid is usually used as a storage medium. It has
been noted that water is an excellent storage medium for
the low-to-medium temperature range because of its high
volumetric heat capacity. El-Sabaii, et al. (2007)
concluded that the thermal efficiency of solar collector
with gravel is found to be higher than that without the
packed bed by 22-27%. Gravel as a packed bed above
the absorber plate during low intensity solar radiation
periods is recommended. Dincer and dost (1996) reported
that a solar system designer must seek answer to some
basic questions about energy storage before proceeding
with a project such as, “what types of storage are
available?”, “how much storage is required”, “how will
the inclusion of storage affect the system performance,
reliability and cost”, “what storage system or designs are
available. Johnson (1992) cited thick section of 20-30 cm
are used when the sun shines directly on the material
and thinner larger-area section of 10-15 cm are used
when the sunlight in diffused within a space where storage,
and release occurs from the same surfaces. The farm of
animals have high hygiene requirements (DeVries et al.
2012, Josefsen et al. 2015) therefore water heating or
preheating with ST systems can help to meet their high

Fig 1: Typical distributed-type (indirect) natural-circulation
solar energy (Ekechukwu and Norton, 1999)

Fig 2:A distributed-type natural circulation solar maize
dryer (Ekechukwu and Norton, 1999)
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water heating needs
Types of solar energy systems “Applications and
Innovations”

1. Passive Solar Drying Systems
In the case of passive solar dryer, air is heated and

circulated naturally; by buoyancy force, or a result of
wind pressure or both. Normal and reverse absorber
cabinet dryer and greenhouse dryer operates in passive
mode. Passive drying of crops is common practice in
many Mediterranean, tropical and subtropical regions,
especially; in Asia and Africa or in small agricultural
communities. These are primordial, frugal in construction
with locally obtainable materials, effortless to install and
to operate especially at sites far off from electrical grid.
The passive dryers are best suited for drying small batches
of fruits and vegetables such as banana, pineapple, mango,
potato, carrots, etc (Hughes et al., 2011).

2. Indirect-Type Passive Solar-Energy Dryers
These are indirect-kind dryers with natural convection

of air for drying. In order to raise the capacity of a dryer
which means; operate with more than one layer of trays
with crops with an available area, trays are generally

placed in vertical racks with some space in between
consecutive trays. The additional resistance generated
for the air movement due to this arrangement of the trays
is achieved by the “chimney effect”. The chimney effect
increases the vertical flow of air as a result of the density
difference of the air in the cabinet and atmosphere.
Typical indirect passive solar-energy dryer used in crop
drying are shown in Fig 1. Fig 2 shows the design by
Ortho Grainger and Twidel (1981) for maize drying. The
designs generally comprise of an air-heating solar-energy
collector, an insulated ducting, a drying chamber and a
chimney.

3. Direct-Type Passive Solar-Energy Dryers
The features of a typical direct-type passive solar

dryer showed in Fig 3. In these kind of solar dryers the
direct exposure of the crop to sunlight enhances, the color
ripening desired in certain varieties of grapes, dates,
coffee and development of full flavor in roasted beans.
Two basic types of dryers in this category can be identified
as the cabinet and greenhouse dryers.

3. 1 Solar Cabinet Dryers
Passive solar cabinet dryers are commonly simple

and inexpensive units having high applications for domestic
purposes. They are suitable for drying of agricultural
products, seasoning and herbs etc., constructed normally
with a drying area of (1-2) and (10-20) kg capacities. Fig
(4) showed a typical passive solar cabinet dryer. The
heat for drying is transmitted through the glass cover
and absorbed on the blackened interior and crops as well.
The required air circulation is maintained by the warm
moist air leaving by the upper vent under the action of
buoyancy forces and generating suction of fresh air from
the base inlet. Pioneering works on solar cabinet dryers
were reported by the Brace Research Institute, (1980).

Fig. 3: Features of a typical integral-type (direct) natural-
circulation solar-energy dryer (Ekechukwu and
Norton, 1999)

Fig. 4: A typical natural-circulation solar-energy cabinet
dryer (Ekechukwu and Norton, 1999)
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Number of other designs of passive solar cabinet dryer
in configuration to that developed by Brace Research
Institute have been built and tested for a variety of crops
and places. Ezekwe (1981) reported a modification of
the typical design shown in Fig. 5 equipped with a wooden
plenum guiding the air inlet and a long plywood chimney
to enhance natural circulation, accelerating the drying rate
by about 5 times over open sun drying. Fig 6. showed the
design by Henriksson and Gustafsson (1986), with mesh
work floor and chimney with black (PVC) foil facing the
southwards (sunlight). The passive solar cabinet dryer
have a characteristic of being cheap and simple in
construction from locally available material, however their
main drawback is poor moist removal rates and very rising
temperature (70-1000C) cause overheating of the product.

3. 2 Natural-Circulation Greenhouse Dryers
These are also called (tent dryers) and basically

modified greenhouses; they are designed with slots of
appropriate size and position to control air flow. They are
characterized by wide glazing through the transparent
cover of polyethylene sheet. Fig. (7) Showed the earliest
form of passive solar greenhouse dryer by the Brace
Research Institute, with slanted glass roof, allowing direct
solar radiation over the product. The length-wide north-
south alignment of the dryer had black coated internals
for improved absorption of solar radiation plus the ridge-
cap over the roof for exit vent. Doe et al. (1977) then
designed the widely reported poly-ethylene tent dryer,
explicated in Fig. (8) Consisting of a ridged bamboo
framework clad plus a clear polythene sheet over it. Black
poly-ethylene sheet was also spread on the floor inside
the tent to enhance the absorption of solar radiation. The
air flow into the tent was controlled by rolling/ unrolling
of the cladding at the bottom edge of front side and the

Fig. 5: A modified natural circulation solar-energy cabinet
dryer (Ekechukwu and Norton, 1999)

Fig. 6: A natural-circulation solar energy cabinet dryer
with chimney (Ekechukwu and Norton, 1999)

Fig. 7: Natural-circulation glass-roof solar-energy dryer
(Ekechukwu and Norton, 1999)

Fig. 8: Natural-circulation polythene-tent dryer (Ekechukwu
and Norton, 1999)
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vents at the top served as the exit for the moist exhaust
air. Sachithananthan et al. (1983) reported a horticultural
greenhouse of clear plastic sheet cladding over a semi-
cylindrical metal frame Fig. (9). The modification was
with a black galvanized iron sheet absorber at floor, inlet
vents along the full length of both sides of base and exit
with plastic nets at the top to protect from insects and
dust. Fleming et al. (1986) reported a typical greenhouse
type solar dryer with a transparent semi-cylindrical
chamber with a cylindrical solar chimney posted vertically

at one end and a door for air inlet and access to the
chamber at other end as illustrate in Fig. (10). Rathore et
al. (2010) has conducted various experimental studies
on a modified design of hemi-cylindrical solar tunnel dryer
for drying of grapes also few researchers (Jaijai et al.,
2011) used a polycarbonate cover for its construction.
Afriyie et al. (2011) reported the study of simulation and
optimization of a chimney ventilated solar crop dryer.

3. 3.1 Hybrid-Type Passive Solar-Energy Dryers
Hybrid type passive solar-energy dryer would have

Fig. 9: Natural-circulation solar dome dryer (Ekechukwu and
Norton, 1999)

Fig. 10: A greenhouse type natural-circulation solar–energy
dryer (Ekechukwu and Norton, 1999)

Fig. 11: Features of a typical mixed mode natural-circulation
solar-energy dryer (Ekechukwu and Norton, 1999)

Fig. 12: A mixed-mode natural circulation solar rice dryer
(Ekechukwu and Norton, 1999)



the same typical structural features as the indirect-type
and direct-type (solar air heater, a separate drying
chamber and a chimney), and in addition has glazed walls
inside the drying chamber so that the solar radiation
impinges directly on the product as in the direct-type
dryers as shown in Fig (11). Exell et al. (1980), Sodha et
al. (1987), at Asian Institute of Technology developed
the widely reported solar rice dryer Fig (12). Ayensu and
Asiedu (1986) designed the hybrid dryer consisting of an
air heater with a pile of granite functioning as an absorber
cum heat storage Fig (13). Sauliner first reported a multi
stacked hybrid design different from that of Excel,

Fig. 13: A mixed-mode natural circulation solar-energy dryer
with thermal storage (Ekechukwu and Norton, 1999)

Fig. 14: A multi-stacked mixed mode natural circulation solar-
energy dryer (Ekechukwu and Norton, 1999)

Fig. 15: Schematic diagram of a solar hybrid dryer (Amer et al., 2010)

followed by Law and at Brace Research Institute also
designed and tested by Sharma et al. (1986, 1987) , as
showed in fig (14). The multi-stacked design enables the
simultaneous drying of a variety of crops. Several other
designs of the hybrid-type passive solar energy have also
been reported in (Amer et al., 2010; Hughes et al., 2011).
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