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Abstract
Processing of food should adopt an energy efficient path such as renewable energy, instead of conventional energy intensi-
fied units. Solar energy is one such option, which is cost effective and energy efficient. But developing a cost-effective solar 
product with optimised design factors to produce premium quality food is bit challenging. The solar components are to be 
designed and selected to attest to maximum utilisation of solar energy and its conversion. The review is structured into five 
parts. The first part explores the different types and limitations of solar dryer, the second part focuses on various design and 
fabrication aspects of each and every component of a solar dryers, the third part focusses on selection criteria, fourth part 
elaborates on the environment, economic and social aspects of solar dryer and fifth part focusses on challenges and future 
prospects. SWOT analysis of various types of solar dryer is also presented in this work. Upgrading solar dryers with mod-
ern technologies for maximum efficiency with distributed production and feasibility of drying multiple food products, will 
yield higher payback. However, the quality of dried food, especially the aroma and nutrition value will significantly affect 
the revenue generation.
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Abbreviations
ASD	� Direct solar dryer
ISD	� Indirect solar dryer
SH	� Sensible heat
LH	� Latent heat
PCM	� Phase change material
MMASD	� Mixed mode active solar dryers
SWOT	� Strength weakness opportunity threats
HP-ETSC	� Heat pipe evacuated tube solar collector
HAGSD	� Hybrid active greenhouse solar dryer
PVTC	� Photovoltaic thermal collector
CPC	� Compound Parabolic Concentrator

ET	� Evacuated Tube
IRR	� Internal rate of return
NPV	� Net present value
hc 	� Convective heat transfer coefficient

Introduction

Abundance of energy is available from sun and can be used 
free of cost. Burning of fossil fuel has time and again proved 
to be harmful and hazardous for the environment as well as 
human health. Power generation through solar energy which 
is one of the renewable energies, promises clean power along 
with reduction in carbon footprints and greenhouse gases 
[1]. In ancient times food grains were dried under across 
the globe. Direct sun drying depends upon the weather con-
ditions. Prolonged exposure to sun reduces the nutritional 
value and thus decreasing the quality and quantity of the 
food stuff. Radiation of the sun is partially absorbed while 
drying directly beneath the sun [2]. To use solar energy 
efficiently, the incident radiation must be concentrated and 
converted into thermal energy. Solar dryer facilitates the use 
of the lost incident radiation in an effective way. Through 
the use of a collector, the incident solar radiation is focused. 
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The radiations pass through the collector and strike the 
absorber surface which is painted by a selective coating. 
The temperature of the absorber rises and the air passing 
through it carries the heat through convection, to the solar 
drying chamber where the food stuff is placed [3]. The hot 
air removes the moisture from the food stuff through diffu-
sion. Countries and places having extreme climates can dry 
fruits and vegetables when they are available in abundance 
and can use it throughout the year. Solar driers can control 
the taste and quality of dried stuff, increasing the product 
shelf life [4]. It is having an edge over the conventional dry-
ers in terms of maintenance and operational costs. There 
are several solar dryers which are designed for maximum 
thermal efficiency. Most of the previous review works are 
limited to performances of a solar dryers. The present work 
demonstrates, in-depth review on various types of solar dry-
ers along with their design and fabrication details and the 
challenges involved. The review navigates through following 
objectives.

a)	 Types of solar dryer highlighting their constructional 
features and limitations

b)	 Design and fabrication of different components of a 
solar dryer

c)	 Environmental, economic, and social aspects of solar 
dryer

d)	 Challenges and future scope

Types of Solar dDryer

Based on the mode of drying, solar dryer can be classified 
as a) Passive dryers and b) Active dryers Fig. 1

Based on Air Movement

Passive Dryers

The radiation is penetrated through the transparent cover 
and falls on the food stuff. A Greenhouse effect and 
thermosyphon effect, induces natural air circulation inside 
the dryer [5]. Passive solar dryer is best suited to dry 
greens in small batches. Passive solar dryer are indirect 
and direct type. The capacity of the dryer is increased by 
installing vertical racks or trays inside the available area. 
A draft force is created by installing a chimney in the 
drying cabinet, which creates a vertical flow of air in the 
cabinet [6]. Some passive dryers are incorporated with a 
chimney or stack and also energy storage device to utilize 
the energy during night times [7]. These types of dryers 
are characterised by low energy cost and effective drying, 
without compromising on mass loss and quality of dried 
products. Minimal expenditure is incurred in drying the 
food products.

Active Dryers

Active dryers use external source to heat the air to a higher 
temperature. They are classified as direct active solar dry-
ers, indirect active solar dryers and mixed mode active 
solar dryers. In case of active solar dryers, the air circula-
tion is regulated through a fan or blower which in turn 
increases the heat transfer rate. These solar dryers are used 
for crops or vegetables with high moisture content and 
which require low temperature solar drying (Fig. 2).

Fig. 1   Classification of solar 
dryer [1]
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Based on Mode of Heat Transfer

Direct Solar Dryers

DSD consist of a fan or a blower. Air can be forced or 
induced through a fan at inlet or outlet. Continuous opera-
tion of the fans requires electricity, which results in higher 
operating costs. The drying chambers are constructed like 
a dome or tunnel. The drying chamber is surrounded by a 
transparent plastic film [8]. The drying chamber consists of 
perforated trays to facilitate air circulation through the trays. 
The shorter wavelength radiation passing through the trans-
parent cover is converted into longer wavelength radiation. 
These long wavelength radiations are unable to pass through 
the transparent cover again and hence the low-grade heat is 
conserved in the drying chamber [9].

Indirect Solar Dryers

ISD consists of a fan or blower at the entry point of the air 
as shown in Fig. 3. This method is significant in maintaining 
the nutrition value and colour of the dried food stuff [10].

Two crucial factors for effective drying of food are sun-
light and climatic conditions. With an additional unit con-
nected to the drying system, the process parameters can be 
better regulated and the heated air can be used even under 
adverse conditions [11]. The auxiliary units can be renew-
able or non-renewable.

Hybrid Solar Dryer

Figure 4 depicts the detail classification of the indirect solar 
hybrid system with renewable and non-renewable assisted 
systems.

The hybrid type solar electric dryer consists of an auxil-
iary heating system such as resistance heaters to heat the air 

in addition to the heat absorbed by the solar collector [13]. 
This type of system is used during periods of low irradiation. 
If the air temperature of the collector is not sufficient for dry-
ing, thermostatically controlled resistance heaters are used, 
Fig. 5. Electric heaters are a promising additional energy 
source that increases the heat density, but is also associated 
with costs. A chemical heat pump is used to heat the air with 
the exothermic reaction as shown in Fig. 6. In general, reac-
tions that are reversible and can be regenerated using solar 
energy are preferred [14].

The heat pump regulates the drying temperature and 
humidity and also saves energy [15]. The heat pump can 
absorb LH and SH together with the dryer. It saves 40% 
energy compared to electric heaters [16]. The dehumidi-
fication process is used to increase the moisture removal 
rate from food [17]. This type of system is very effective 
in humid areas or coastal areas. Dehumidification is done 
using a refrigerant such as ammonia. The process includes 
adsorption and desorption, with the adsorption stage lower-
ing the temperature in the evaporator as liquid ammonia is 
converted into gas. At the same time, heat is released when 
gaseous ammonia and solid react at high temperatures. This 
process is generally applied at the entry point of the dryer. 
A part of the exhaust air is redirected to the evaporator and 
is cooled and dehumidified. The cooled and dehumidified 
exhaust air is again heated by a condensed refrigerant in the 
condenser. Solar dryer with thermal storage system accu-
mulates the heat during sunshine period and releases heat 
during night time [18, 19]. The thermal energy can be stored 
in form of SH or LH. The PCMs are used for storing LH 
whereas solid (rock), liquid(water) or organic solvents like 
butanol, propanol octane etc. is used). PCM will have high 
energy storage density at constant temperature. Choosing 
the correct storage material and evaluating the heat storage 
capacity is a crucial aspect of this type of solar dryer.

Fig. 2   Direct solar dryer [7]
Fig. 3   Indirect solar dryer [11]
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Mixed Mode Active Solar Dryers

MMASD incorporates fan/blower Fig. 7. The blower can 
be powered by either a solar photovoltaic panel or electricity.

Based on Drying Chamber

Cabinet Type dryer

In Cabinet type dryer the food items are placed inside metal 
box or wooden box which is well insulated to prevent the 
heat losses[6]. The cabinet receives direct radiation through 
the glass cover and warm air is also passed through the dry-
ing chamber and the trays through the duct. This combined 

action provides necessary heat for the food products to 
loosen moisture. Cabinet dryers are used for low or moder-
ate scale.

Greenhouse Solar Dryer

A greenhouse dryer is a system designed to dry crops or 
agricultural products using the controlled environment of 
a greenhouse. By utilizing natural sunlight and maintain-
ing optimal humidity and temperature levels, these dryers 
can effectively reduce moisture content from the produce. 
Greenhouse incorporates openings, to allow airflow, which 
helps in moisture removal [7]. It can be used for a variety 

Fig. 4   Classification of solar 
hybrid dryer [12]

Fig. 5   Hybrid solar dryer with 
resistance heater [13]
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of crops, making it useful for small-scale farmers as dem-
onstrated in Fig. 2.

Tent Type Dryer

Direct and indirect solar dryers are both possible for 
tents. The dryer has trays, a concrete base, a chimney, and 

structure. A dome, triangle, or flat top can be used for the 
structure. The structure can have a polythene sheet covering 
it and be constructed of metal or wood. There is a sheet of 
black polyethene on the ground. There are two varieties of 
solar tent dryers: does and kanji. A transparent polythene 
tent, wooden frames, a drying rack, a zip, black igneous 
rocks, and a mosquito net are all included in the Kainji Solar 

Fig. 6   Hybrid solar dryer with chemical heat pump [14]

Fig. 7   MMASD [20]
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tent dryer. Figure TEN [24] shows how these tent dryers can 
also be integrated with mixed mode. Direct heat received 
through the polythene and indirect heat received from the air 
from the collector increases the overall drying efficiency of 
the produce. The temperature rises as a result of solar energy 
entering the tent through the polythene sheet and becoming 
trapped there. The produce on the rack loses moisture as 
a result of the cool air that is forced into the tent from the 
openings. Table 1 summarises the strength weakness oppor-
tunities and threats of different types of dryers.

Design and Fabrication Perspective 
of a Solar Dryer

Solar dryer comprises of an absorber, a collector, drying 
chamber and an insulator. To provide premium quality 
products, many researchers have tried several designs to 
enhance the performance of the dryer. The following sec-
tion discusses about different designs of each component 
of solar dryer.

Collectors

Stationary Collectors

The primary function of solar drier is to gather the beam 
radiation and transform it into thermal energy. Solar beam 
is collected through a glazing cover which allows the radi-
ant energy to pass to the collector. The radiations strike the 
black surfaces, get absorbed and convert into heat. With a 
good absorber material, most of the incident radiation is 
absorbed and very less gets reflected back. Solar collectors 
can be a flat plate, line focus or point focus collectors. A 
detail classification of solar collectors are given in Fig. 8

Flat Plate Collectors

These collectors are of common choice of researchers as it is 
economical and easy to fabricate [23]. Generally Galvanised 
Iron sheets are used for collectors as they are good conduc-
tors of heat and painted black for maximum absorptivity. 
The thickness is maintained between 0.6 to 0.8 mm. Flat 
plate collectors can be with double pass air flow passages 
with absorber plate as a separator [24]. Flat plate collectors 
are also used in solar mixed mode dryer. In mixed mode 
dryer, the moisture removal occurs by direct beam radiation 
incident inside the chamber as well as through the heated air 
which is passed through the collector which is either natural 
convection or forced convection as shown in Fig. 9.

Forced convection MMASD consists of glass cover, 
absorber (G.I sheet), blower and base plate along with solar 
air collectors. Basically, solar air collectors are double pass 

counter flow or single pass [25, 26]. Solar collectors can 
also be coupled with small scale greenhouse dryer as shown 
in Fig. 10. The combined effect of beam and the heated 
air through the collector, provides average temperature of 
60 °C–65 °C which is enough for drying sea products like 
fish [27].

Evacuated Tubes  With flat plate collectors, controlling the 
parameters and effective harnessing of solar incident radia-
tion during cloudy day is a bit challenging task [28]. ETSC 
have better efficiency than flat plate collectors [29, 30]. 
Tubular absorber with selective coatings ensures good per-
formance during lower radiation period [31]. The vacuum 
between the two tubes ensures minimum conduction and 
convection losses [32], and in case of breakdown of one of 
the tubes, no need to stop the whole system [33]. Detailed 
classification is given in Fig. 11.

Solar dryer based on HP-ETSC with reflector was 
designed and fabricated by [35]. The collector consisted of 
number of evacuated tube collector (ETC) tubes with heat 
pipe connected to manifold made of copper. The manifold 
was insulated with glass wool to prevent the thermal losses 
Fig. 12.

The performance of ETSC can be increased, if PCM 
material is used for energy storage[ [37, 38]. The capability 
of drying process increases with PCM [36, 40]. The inlet air 
can be preheated with parallel arrangements of ducts con-
nected to the collector [39]. Evacuated tube solar collectors 
are available in different configurations. U-Tube configura-
tion involves less complexity of design and fabrication with 
high practical features [41]. Parallel type evacuated tubes in 
combination with nano fluids, is used for drying agricultural 
products as shown in Fig. 13 [42]. Addition of nanofluids 
is a promising solution for solar collectors with variations 
in its particle sizes and morphologies. Thermal efficiency 
can be improved with sets of evacuated tubes with tube in 
tube arrangement. Inner tubes can be coated with selective 
coatings and outer tube can be transparent. The beam radia-
tion incident on the transparent glass tube heats the absorber 
tube. Addition of nano particles like Al2O3 to the fluid flow-
ing inside the absorber tube increases heat transfer rate.

HP-ETSC combined with a heat extraction system, har-
nesses the sun's maximum radiant energy and increases the 
overall efficiency of the dryer [43, 44]. Heat from the hot 
water flowing in the tubes is extracted by the air flowing 
over it Fig. 14.

Solar dryer with ETSC is suitable for crops or food stuff 
with high moisture content. The use of heat exchanger 
increases the average temperature resulting in increased 
drying rate [44] as shown in Fig. 15.

Solar drying can be coupled with PVTC (Photovoltaic 
thermal collector) as shown in Fig. 16. However, results 
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claim better performance of ET collector than the PVTC 
[45]. Air flux can be made to flow through metallic tubes 
which can be located beneath the PV panel. This provision 
enables heat transfer on both the sides of the PV panel 
facilitating cooling of the PV cells and carrying the heat 
to the drying chamber [46].

Compound Parabolic Concentrator (CPC)  Solar absorption 
can be enhanced by using reflectors or concentrators [48]. 
Concentrators reflects wide angle of radiation into a small 
area on absorbers [49]. The beam radiations are reflected on 
the absorber by several reflectors. Absorbers can have vari-
ous types of configurations like tubular, flat, wedge etc. A 
conical concentrator consists of conical reflector generally 
made of iron or aluminium sheets with mirrors cemented on 
the surface with insulating material along with some adhe-
sives. The mirror surfaces reflect the radiations directly on 
the absorber tube. The vertex angle is generally maintained 
at 90○C and the solar incident angle at 45○C [50]. Co- axial 
conical concentrators display good drying kinetics com-
pared to non-co-axial conical concentrator and parabolic 
concentrator [51]. Finned photo voltaic panels can be used 
as absorbers in combination with CPC in solar dryer. This 
arrangement demonstrates concentrating more radiations 
and effective use of thermal energy from the panel [52]. The 
drying time can be reduced by coupling CPC with electric 
heater before inducting the air into the drying chamber [49].

Solar Collectors with Tracking Systems

Solar tracking system tunes the surface of the panel or col-
lector in line with the trajectory of the sun. It comprises 
of single axis and dual axis system. Single-axis systems 
can move only on a single axis, that is either vertical or 
horizontal (east or west). The tracker is adjusted manu-
ally during the year intermittently. Single axis system is 
economical, but yields less efficiency [53]. In case of dual 
axis system, the tracker follows north and south direction 
too. Though dual axis system is expensive it ensures opti-
mal usage of solar radiation. Active trackers use motors 
which are connected with two light sensors to evaluate the 
potency of solar light. Difference in the intensity of the 
light received by the sensors causes the collector to move 
to a new position. Signals from the sensors are passed to 
microcontroller, which operates the motor of the driving 
mechanism to a new position. Some tracker system also 
has PV panels installed to power the air blowers and the 
motors Fig. 17 [54]. The drying period of food stuff can be 
reduced by installing a tracking system [55]. Almost 50% 
increase in drying and thermal efficiency is observed with 
the solar tracking system [56, 57] (Table 2).
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Advantages of a Solar Tracking Systems

•	 Optimal usage of solar radiation than fixed cell
•	 Economically feasible
•	 Significant for larger scale projects
•	 It is automated and does not required supervision once 

activated

•	 Can be placed anywhere as a result of tracking system.

Disadvantages of Solar Tracking Systems

•	 Cost is higher than fixed collectors
•	 Dual axis systems are more optimized

Fig. 8   Classification of solar 
collectors [23]

Fig. 9   MMASD [25]
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Absorber

Solar absorbers are different from solar cells. Solar absorb-
ers are located beneath the transparent collector to collect 
the heat passing through the collector cover and solar cells 
convert heat into electricity. Absorbers plates are made of 
stainless steel, galvanized iron, zinc, copper or aluminium. 
Aluminium absorber plate can be used with copper flow pas-
sages to avoid any type of corrosion. Metal absorber cannot 
fully absorb the incident radiation, so a selective coating of 
dull black colour is applied on the metallic surface for bet-
ter absorption. Efficiency of the absorber coating depends 
on these selective coatings. Selective coatings increase the 

operation temperature of the system. High absorptivity of 
beam radiation and low emittance are desirable properties 
of a selective surface [58]. A wire mesh plate above the main 
absorber plate in the collector increases the absorption of 
solar radiation [59]. This offers flexibility in adjusting the 
thermal characteristics of the solar dryer. Tubular absorber 
offers more surface area for absorption of incident solar radi-
ation. Tubular absorber yields greater output temperature, 
power and efficiency [60, 61]. To increase the thermal effec-
tiveness of the solar radiation, Aluminium wool or copper 
wool can be used along with the tubular absorber or flat plat 
absorber [3, 62]. Recyclable aluminium cans, can also be 
used for making tubular absorber [63]. Figure 18 depicts that 

Fig. 10   Tent type MMASD [24]

Fig. 11   Classification of evacu-
ated solar tube collectors [31, 
34]
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using iron mesh inside the tubular absorber can contribute 
towards waste management and sustainability, yielding clean 
energy to the society [64]. Corrugated absorbers, generally 
made of aluminium, provides a large surface area for the 
absorption [65]. However, the increment in air temperature 
at the outlet of the absorber significantly depends on its flow 
rate [66]. Corrugated V shaped absorber made of copper was 
tested by [67].

Double layered wire net fine meshes can be used as 
absorber material with V or U corrugations as shown in 
Fig. 18. These Absorbers can be treated as porous mate-
rial [69]. Figure 19 demonstrates that corrugated stainless 
steel wire mesh with different pore size can enhance the 
heat transfer by enhancing the hc [70]. Figure 20 shows that 
the C shaped perforated fin absorbers, have yielded higher 
Reynolds number. Friction factor and Nusselt number 

Fig. 12   Schematic diagram of HP-ETSC [35]

Fig. 13   Schematic diagram of 
parallel-type ETSC [42]
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significantly depends on the Reynolds number. Higher the 
Reynolds number, higher will be the friction and thus higher 
will be the convective heat transfer coefficient [71].

Figure 21 a and b, demonstrates increasing roughness 
of the absorber plate by arc ribs, V ribs, double arc ribs 
[72–74] to promote the turbulence. The secondary flow 
through the gap facilitates in intermixing with main flow. 
Placing discrete staggered ribs increases the Thermo-
hydraulic performance parameter like Heat transfer coef-
ficient, heat transfer coefficient, overall heat transfer coef-
ficient, effectiveness and dimensionless numbers [75–79] 
which is shown in Fig. 22 a & b.

Reflectors

Reflectors convert solar radiations into useful energy Fig. 23. 
External reflectors like mirrors can be installed to capture 
maximum radiation of sun [80]. Solar dryers with north wall 
reflectors assist in capturing solar radiation particularly in 
winter at higher altitude [81]. Collectors with North- south 
Aluminium oxide reflectors with V alignment trough results 
in higher collector efficiency [82]. Reflectors can be of met-
als like stainless steel (SS304) and aluminium (Al304) [83]. 
Reflective spray paints can also be used as reflectors [84]. 
Attaching reflector improves the collector efficiency and 

Fig. 14   HP-ETSC with heat recovery system [43]

Fig. 15   HAGSD with evacuated 
tube collector [44]
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reduces the drying rate significantly. The summary of which 
is given in Table No. 3 Table 3.

Drying Chamber

Drying chambers are of two types, direct type and indirect 
type. Direct type chamber are either made of dome shape 
or tunnel shape and is covered with glazed plastic cover or 
glass. The assembly is simple and cost effective. One of 
the types of direct type chamber is the greenhouse effect. 
The walls and roof are made of polycarbonate sheets or 
plastic sheets. Green house dryers are simple in construc-
tion and acts as a solar collector too apart from green-
house effect. Plastic sheets are fixed to steel structure and 
sealed to prevent rainwater inside the chamber. Fans are 
installed at proper locations to ensure even distribution of 
air. Greenhouse chambers can have dome shaped or roof 
structures. The fluctuations in the temperature, effects the 
collector efficiency. Installing a chimney above the drying 
chamber, creates a natural draft of air and thereby ensures Fig. 16   PVT Solar dryer [47]

Fig. 17   PLC solar tracking system [57]
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uniform temperature range [88]. Collector efficiency 
largely depends on the air flow rate. Increased airflow rate 
ensures higher collector efficiency.

Selection Criteria for a Suitable Solar Dryer

The need for longer shelf life of food items has 
revolutionised the drying mechanism systems. Constant 
effort is exercised to diminish the cost of dried food items, 
by adopting renewable technology for drying. Since diverse 
food items contain various proportions of moisture content 
and hence the drying time varies accordingly, it becomes a 
herculean task to choose an appropriate solar dryer which 
can support effective drying mechanism. Each solar dryer 
has its own merits and demerits of drying mechanisms. 
The moisture removal mechanism of each dryer depends 
upon the methods of heat input mechanism. Table  4 
demonstrates the parameters for the selection of a dryer.

Environmental, Economic, and Social 
Aspects of Solar Dryer

It imperative to consider the lifecycle impact, the choice 
of materials, land use, and potential effects on local 
ecosystems of solar dryers to ensure they contribute 
positively to environmental sustainability. Solar dryers 
should perform with maximum exergy. Sustainability 
does not really mean using only sustainable resources. An 
inefficient solar dryer will produce less available energy 
and more of waste energy [97]. Energy which is not in 
mutual equilibrium with the environment has the potential 
to damage the environment. For any system engaged 
in energy transaction it is imperative to identify losses. 
Identification of losses will help in designing an efficient 
energy system, reducing the ecological damage and there 
by intensifying sustainability. The sustainability of solar 
dryer depends on the using the system such that the exergy 
losses are minimum to the atmosphere. For evaluating 
optimum efficiency with better accuracy, exergy analysis 
can be used to identify losses.

Assessment of solar dryer should not be limited to 
efficiency alone. Sustainability of the designs should 
also be assessed. For drying processes exergy tool can be 
applied to sustainable energy applications. Irrespective 
of the environmental conditions, exegetic-sustainability 
indices justify the design of the energy system designed 
[96]. This enables comparison of systems irrespective 
of their design and weather condition. Exegetic 
sustainability will help in identifying solar dryers having 
more energy losses and hence will facilitate in choosing 
the best solar dryer.Ta

bl
e 

2  
(c

on
tin

ue
d)

Re
fe

re
nc

e 
N

o
A

ut
ho

rs
Ty

pe
 o

f s
ol

ar
 

dr
ye

r
C

ol
le

ct
or

 
ty

pe
D

im
en

si
on

s
M

at
er

ia
l

Ti
lt 

an
gl

e
In

su
la

tio
n

Ve
nt

in
g 

of
 m

oi
s-

tu
re

G
la

ss
 c

ov
er

Re
fle

ct
or

s
A

bs
or

be
r 

m
at

er
ia

l

[4
4]

Si
ng

h 
et

 a
l.,

 
20

21
H

yb
rid

 
ac

tiv
e 

gr
ee

nh
ou

se
 

so
la

r d
ry

er

w
at

er
-in

-
tu

be
-

ty
pe

 
ET

C

O
ut

er
 d

ia
m

et
er

: 5
8 

m
m

, 
Le

ng
th

 o
f t

ub
es

: 
18

00
 m

m
D

im
en

si
on

 o
f H

ea
t 

ex
ch

an
ge

 in
si

de
 d

ry
er

:
2 

m
 ×

 2 
m

 X
0.

8 
m

30
 c

op
pe

r t
ub

es
 o

f 
le

ng
th

 1
.5

 m
 a

nd
 

di
am

et
er

 8
 m

m
 a

re
 

pl
ac

ed
 b

el
ow

 th
e 

w
ire

 
m

es
h 

fit
te

d 
in

 th
e 

he
at

 
ex

ch
an

ge
r b

ed

–-
–-

–-
–-

–-
–-

–-

[4
5]

D
ag

hi
gh

 
et

 a
l.,

 2
02

0
A

ct
iv

e 
in

di
-

re
ct

 c
ab

in
 

ty
pe

 so
la

r 
dr

ye
r

Ev
ac

ua
te

d 
tu

be
In

ne
r d

ia
m

et
er

: 4
7 

m
m

, 
O

ut
er

 d
ia

m
et

er
: 

58
 m

m
, L

en
gt

h 
of

 
tu

be
s:

 6
0 

cm

–-
–-

–-
–-

–-
–-

–-



Food Engineering Reviews	

Fig. 18   Design of V corrugated 
absorber [68]

Fig. 19   Size of different SUS 
304 wire mesh [70]

Fig. 20   Arc shaped a non per-
forated and b perforated fins on 
absorber plate [71]
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While designing any system the effort is to mitigate the 
energy back to the atmosphere in comparison to the output 
from the energy system. Quantifying this mitigated energy 
in terms of money is called carbon credit [90]. The evalu-
ated carbon credit gauges the cost of the amount of CO2 
diminished by using solar dryers and lesser the indicator 
less damage caused to the ecological environment [98]. 
Solar dryers functioning in active mode emit more CO2 
emissions [99]. The increased emissions are attributed to 
auxiliaries installed like exhaust fan, battery and collectors 
involved in the assembling the solar dryer.

The economic evaluation of dryers with different tech-
nologies helps in comparing it with the conventional one 

Fig. 21   a Arc rib absorber with symmetrical gaps [72]. b V rib absorber with symmetrical gaps [74]

Fig. 22   a V rib absorber with staggered element [75]. b Broken arc and staggered rib [79]. c: Discrete double arc roughness with symmetrical 
gaps [73]

Fig. 23   Direct type passive solar dryer with external reflectors [80]
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[100]. The overall cost of the dryer is calculated by con-
sidering the costs such as design, construction, installation, 
logistics, annual operating cost and any kind of mainte-
nance and labour involved. If any auxiliary device is oper-
ating on electricity, then it should be added in the operating 
cost [101]. Another financial parameter like NPV is used to 
assess the potentiality of investment. Higher NPV indicates 
less financial loss. IRR facilitates in assessing returns on 

investment. Higher the IRR higher will be NPV even in 
case of increment in interest or inflation [102].

Challenges and Future Prospects

Challenges for implementation of solar dryer can be attrib-
uted to technical, economic and societal barriers.

Table 3   Summary of impact of reflectors on performance parameters of solar dryer

Authors Items dried Reflector material Thick-
ness in 
mm

Impact of attaching Reflector to solar dryer

Dharmapuri et al., 2022 [80] Grapes Glass mirrors ––- Reduction in drying time by 37.5% and 
increase in the temperature by 20%

Maiti et al., 2011 [82] Papad anodized aluminium sheets 0.5 Collector efficiency improved by 46.25%
Teklu H et al., 2020[87] Tomato slices Glass film sticker with 88% reflectivity 0.05 Temperature increased by 57.14%

Drying rate increased by 8% for 10 kg
And 14% for 5 kg load

Rashidi et al., 2021[86] Oleaster Steel sheets –– Reduction in drying time by 25%
Kabeel AE et al., 2022 [85] Anchovy fish Glass mirror –- Reduction in drying time by 22.25% and 

increase in drying rate by 66.66%
Spall et al.,2020 [81] Carrot slices Aluminised reflector with 90% reflective 0.8 Reduction in drying time by 20.00%

Table 4   Criteria for the 
selection of suitable solar dryer 
[89]

Criteria Characteristics References

Physical attributes of a dryer Space requirements [90]
Thermal performance Input airflow rate

Solar insolation
Drying time
Drying temperature (depends upon the food to 

be dried)
Relative humidity

[91]

Characteristics of food material Initial and final moisture content
Related temperature required
Drying time

[92]

Quantity to be treated Quantity to be handled in a day/hour
Preprocessing
Batch production
Continuous production
Shrinkage

[93]

Quality of the product Taste
Colour
Final moisture content
Contamination
Food density
Soiled food
Burned food
Overdryed food

[94]

Facilities at the site Space
Solar insolation

[95]

Commercials Cost
Benefit
Payback time

[96]
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Technical Barriers

Some technologies or systems are inherently complex and 
require specialized knowledge or skills. This complexity 
can be a barrier to widespread adoption or effective utili-
zation. Integrating solar dryers with existing agricultural 
or food processing systems can be challenging [103]. 
Ensuring that the dryer fits well with current practices and 
infrastructure requires careful planning. Automation and 
Control: Incorporating automated controls and monitor-
ing systems to optimize the drying process can be techni-
cally challenging and expensive. Issues such as software 
bugs, hardware failures, or system downtime can prevent 
the effective use of technology. Ensuring that systems 
are secure from cyber threats is a significant challenge 
and a barrier to the adoption of new technologies. There 
are material and construction challenges where durabil-
ity of the material is a major concern. The material used 
in construction must withstand harsh and variable envi-
ronmental conditions. Optimising cost and durability of 
material is a herculean task. Designing a solar dryer that 
effectively captures and utilizes solar energy can be chal-
lenging. The design must consider factors like air flow, 
temperature control, and material to ensure efficiency. For 
regions with varying weather conditions, it is difficult to 
maintain consistent temperatures within the dryer. Incon-
sistent temperatures can affect the drying process and the 
quality of the dried product. Scaling up dryers to handle 
larger quantities of products can be technically challeng-
ing. Ensuring that the dryer remains effective and efficient 
at larger scales requires careful engineering.

Solar dryers require regular maintenance to ensure they 
function properly. This includes cleaning, checking for 
wear and tear, and addressing any issues that arise. Ensur-
ing that users have the skills and resources to perform 
maintenance can be a barrier. Effective operation of solar 
dryers often requires training. Users need to understand 
how to operate the system, monitor its performance, and 
troubleshoot problems. Continuous research will lead to 
improvement in technology, enhance efficiency, and reduce 
costs. Limited access to advanced technologies or research 
can slow down the development and adoption of solar dry-
ers. Solar dryer technologies may need to be adapted to 
different climates and applications, which can involve sig-
nificant technical adjustments and innovations. Measuring 
and monitoring the efficiency & product quality, can be 
technically demanding. Reliable sensors and data analy-
sis tools are necessary for effective monitoring. Address-
ing these technical barriers requires a multidisciplinary 
approach, involving engineering, materials science, and 
user training to ensure that solar dryers are both effective 
and practical in various contexts.

Economic Barriers

High costs associated with developing, implementing, or 
maintaining technology can be a significant barrier [104]. 
This includes not just the initial investment but also ongoing 
operational costs. Limited access to capital or investment 
can impede the ability to innovate or scale technological 
solutions. Disparities in wealth can result in unequal access 
to technology [105]. Those with fewer resources may not 
benefit from technological advancements. Low demand in 
certain economic conditions can make it less feasible for 
companies to invest in or adopt new technologies. Compli-
ance with regulations and standards can be costly and com-
plex, potentially stifling innovation.

Societal Barriers

Individuals or organizations may resist adopting new tech-
nologies due to comfort with the status quo or skepticism 
about the benefits [106]. Lack of education or training can 
prevent people from effectively using or benefiting from 
new technologies. Societal norms and values can influence 
the acceptance and use of technology. For example, privacy 
concerns or ethical considerations may impact how certain 
technologies are adopted. Societal barriers such as inequal-
ity or lack of access to resources can prevent certain groups 
from benefiting from technological advancements. Govern-
ment policies and regulations can either enable or obstruct 
technological progress, depending on how they are designed 
and implemented.

Conclusion

Designing of solar dryer should concentrate on captur-
ing maximum solar radiation. It should be cost effective. 
The design should not be limited to only rural applica-
tions. Focusing on processors and consumer’s need during 
research, will leverage commercialisation of the product 
which should benefit rural as well urban applications. The 
dryer should be feathery and durable and material selection 
for the dryer should be such that it can with stand harsh 
weather conditions. Effective airflow management and the 
temperature regulation inside the solar dryer will prevent 
over drying of food. Parameters like capacity, area, cost 
requirement and environmental consideration should be 
considered while selecting a collector. It should function 
in all seasons with variety of food products, for maximum 
payback. Incorporating automation system will enhance the 
efficiency of the system, especially in shady days. The nutri-
tion value, colour and taste of dried food should be checked 
with different technologies, as the revenue generation will 
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significantly depend upon the quality of the product. Overall 
market penetration will be more with distributed production 
than centralised production, thereby reducing the logistic 
costs and storage problem.

Authors Contribution  Jayashri N Nair: Concept, Methodology, Writing 
original draft, Reviewing and editing Dhana Raju: Review and Editing 
T Nagadurga: Review and Editing.

Data Availability  No datasets were generated or analysed during the 
current study.

Declarations 

Competing Interest  The authors declare no competing interests.

References

	 1.	 Shimpy KM, Kumar A (2023) Performance assessment and 
modeling techniques for domestic solar dryers. Food Eng Rev 
15(3):525–47

	 2.	 Fathi F, Ebrahimi S, Matos LC, Oliveira MB, Alves RC (2022) 
Emerging drying techniques for food safety and quality: A 
review. Comprehen Rev Food Sci Food Safety 21(2):1125–60

	 3.	 Sözen A, Kazancıoğlu FŞ, Tuncer AD, Khanlari A, Bilge YC, 
Gungor A (2021) Thermal performance improvement of an indi-
rect solar dryer with tube-type absorber packed with aluminum 
wool. Sol Energy 15(217):328–341

	 4.	 Deng Z, Li M, Xing T, Zhang J, Wang Y, Zhang Y (2021) A 
literature research on the drying quality of agricultural products 
with using solar drying technologies. Sol Energy 15(229):69–83

	 5.	 Arunsandeep G, Lingayat A, Chandramohan VP, Raju VR, 
Reddy KS (2018) A numerical model for drying of spherical 
object in an indirect type solar dryer and estimating the drying 
time at different moisture level and air temperature. Int J Green 
Energy 15(3):189–200

	 6.	 Tedesco FC, Bühler AJ, Wortmann S (2019) Design, construc-
tion, and analysis of a passive indirect solar dryer with chimney. 
J SolEnergy Eng 141(3):031015

	 7.	 Yadav S, Lingayat AB, Chandramohan VP, Raju VR (2018) 
Numerical analysis on thermal energy storage device to improve 
the drying time of indirect type solar dryer. Heat Mass Transf 
54:3631–3646

	 8.	 Islam MK, Karim MS, Begum NN, Uddin KZ (2018) Fabrication 
and performance study of a direct type solar dryer. Int J Eng Res 
9(2):565–569

	 9.	 Janjai S, Bala BK (2012) Solar drying technology. Food Eng Rev 
4:16–54

	 10.	 Barnwal P, Tiwari GN (2008) Grape drying by using hybrid 
photovoltaic-thermal (PV/T) greenhouse dryer: an experimental 
study. Sol Energy 82(12):1131–1144

	 11.	 Lingayat AB, Chandramohan VP, Raju VR, Meda V (2020) A 
review on indirect type solar dryers for agricultural crops–Dryer 
setup, its performance, energy storage and important highlights. 
Appl Energy 15(258):114005

	 12	 Jha A, Tripathy pp. (2021) Recent advancements in design, appli-
cation, and simulation studies of hybrid solar drying technology. 
Food Eng Rev 13:375–410

	 13.	 Banout JA, Havlik J, Kulik M, Kloucek P, Lojka B, Valterova I 
(2010) Effect of solar drying on the composition of essential oil 

of sacha culantro (Eryngium foetidum L.) grown in the peruvian 
amazon. J Food Process Eng 33(1):83–103

	 14.	 Chen HH, Hernandez CE, Huang TC (2005) A study of the 
drying effect on lemon slices using a closed-type solar dryer. 
Sol Energy 78(1):97–103

	 15.	 Sarkar J, Bhattacharyya S, Gopal MR (2006) Transcritical 
CO2 heat pump dryer: Part 1. Math Model Simul Dry Technol 
24(12):1583–1591

	 16.	 Queiroz R, Gabas AL, Telis VR (2004) Drying kinetics of 
tomato by using electric resistance and heat pump dryers. Dry-
ing Technol 22(7):1603–1620

	 17.	 Fadhel MI, Sopian K, Daud WR (2010) Performance analy-
sis of solar-assisted chemical heat-pump dryer. Sol Energy 
84(11):1920–1928

	 18.	 Jha A, Tripathy PP (2017) Clean energy technologies for sus-
tainable food security. In: The water-food-energy nexus, CRC 
Press, Boca Raton, pp 197–220

	 19.	 Kant K, Shukla A, Sharma A, Kumar A, Jain A (2016) Thermal 
energy storage based solar drying systems: A review. Innov 
Food Sci Emerg Technol 1(34):86–99

	 20.	 Pardhi CB, Bhagoria JL (2013) Development and performance 
evaluation of mixed-mode solar dryer with forced convection. 
Int J Energy Environ Eng 4:1–8

	 21	 Krabch H, Tadili R, Idrissi A (2022) Design, realization and 
comparison of three passive solar dryers. Orange drying appli-
cation for the Rabat site (Morocco). Results Eng 15:100532

	 22.	 Kumar A, Singh KU, Singh MK, Kushwaha AK, Kumar A, 
Mahato S (2022) Design and fabrication of solar dryer sys-
tem for food preservation of vegetables or fruit. J Food Qual 
14:2022

	 23.	 Hegde VN, Hosur VS, Rathod SK, Harsoor PA, Narayana KB 
(2015) Design, fabrication and performance evaluation of solar 
dryer for banana. Energy, Sustain Soc 5(1):1–2. https://​doi.​org/​
10.​1186/​s13705-​015-​0052-x

	 24.	 Arun KR, Srinivas M, Saleel CA, Jayaraj S (2019) Active 
drying of unripened bananas (Musa Nendra) in a multi-tray 
mixed-mode solar cabinet dryer with backup energy storage. 
Sol Energy 1(188):1002–1012

	 25.	 Lakshmi DV, Muthukumar P, Layek A, Nayak PK (2019) 
Performance analyses of mixed mode forced convection solar 
dryer for drying of stevia leaves. Sol Energy 1(88):507–518

	 26.	 Murugavelh S, Anand B, Midhun Prasad K, Nagarajan R, 
AzariahPrav KS (2019) Exergy analysis and kinetic study 
of tomato waste drying in a mixed mode solar tunnel dryer. 
Energy Sourc, Part Recov, Util Environmen Effect 21:1–7

	 27.	 Mehta P, Samaddar S, Patel P, Markam B, Maiti S (2018) 
Design and performance analysis of a mixed mode tent-
type solar dryer for fish-drying in coastal areas. Sol Energy 
1(170):671–681

	 28.	 Sharma A, Saxena G (2018) Performance investigation of evacu-
ated tube solar heating system: A review. JoAEST 9(3):15–26

	 29	 Wang W, Li M, Hassanien RH, Wang Y, Yang L (2018) Thermal 
performance of indirect forced convection solar dryer and kinet-
ics analysis of mango. Appl Therm Eng. 134:310e321

	 30	 Sabiha MA, Saidur R, Mekhilef S, Mahian O (2015) Progress 
and latest developments of evacuated tube solar collectors, 
Renew. Sustain 51:1038–1054

	 31.	 Bhatia SC (2019) Solar thermal energy. In: Advanced renewable 
energy systems. WPI Publishing India, pp 94–143

	 32.	 Bermel P, Lee J, Joannopoulos JD, Celanovic I, Soljačie M, 
Soljačie S (2012) Selective solar absorbers. In: Annual review 
of heat transfer, Begell House Inc. 2024

	 33.	 Pei G, Li G, Zhou X, Ji J, Su Y (2012) Comparative experimental 
analysis of the thermal performance of evacuated tube solar water 
heater systems with and without a mini-compound parabolic con-
centrating (CPC) reflector (C< 1). Energies 5(4):911–924

https://doi.org/10.1186/s13705-015-0052-x
https://doi.org/10.1186/s13705-015-0052-x


	 Food Engineering Reviews

	 34	 Kalogirou S (2003) (2003) “The potential of solar industrial pro-
cess heat applications.” Appl Energy 532(76):337–361

	 35.	 Malakar S, Arora VK, Nema PK (2021) Design and performance 
evaluation of an evacuated tube solar dryer for drying garlic 
clove. Renew Energy 1(168):568–580

	 36.	 Iranmanesh M, Akhijahani HS, Jahromi MS (2020) CFD mod-
eling and evaluation the performance of a solar cabinet dryer 
equipped with evacuated tube solar collector and thermal storage 
system. Renew Energy 1(145):1192–1213

	 37.	 Swami VM, Autee AT, Anil TR (2018) Experimental analysis of 
solar fish dryer using phase change material. J Energy Storage 
1(20):310–315

	 38.	 Lakshmi DV, Muthukumar P, Layek A, Nayak PK (2018) Drying 
kinetics and quality analysis of black turmeric (Curcuma caesia) 
drying in a mixed mode forced convection solar dryer integrated 
with thermal energy storage. Renew Energy 1(120):23–34

	 39.	 Baniasadi E, Ranjbar S, Boostanipour O (2017) Experimental 
investigation of the performance of a mixed-mode solar dryer 
with thermal energy storage. Renew Energy 1(112):143–150

	 40.	 Vásquez J, Reyes A, Pailahueque N (2019) Modeling, simu-
lation and experimental validation of a solar dryer for agro-
products with thermal energy storage system. Renew Energy 
1(139):1375–1390

	 41.	 Satam AA (2014) A descriptive study of the constructional fea-
tures of evacuated tube solar water heating system. IOSR J Mech 
Civ Eng 6(55):36–41

	 42.	 Sasikumar SB, Santhanam H, Noor MM, Devasenan M, Ali HM 
(2020) Experimental investigation of parallel type-evacuated 
tube solar collector using nanofluids. Energy Sourc, Part A: 
Recov, Util Environ Effect 8:1–3

	 43.	 Daghigh R, Shafieian A (2016) An experimental study of a 
heat pipe evacuated tube solar dryer with heat recovery system. 
Renew Energy 1(96):872–880

	 44.	 Singh P, Gaur MK (2021) Heat transfer analysis of hybrid active 
greenhouse solar dryer attached with evacuated tube solar col-
lector. Sol Energy 1(224):1178–1192

	 45.	 Daghigh R, Shahidian R, Oramipoor H (2020) A multistate inves-
tigation of a solar dryer coupled with photovoltaic thermal col-
lector and evacuated tube collector. Sol Energy 15(199):694–703

	 46.	 Fterich M, Chouikhi H, Bentaher H, Maalej A (2018) Experi-
mental parametric study of a mixed-mode forced convection 
solar dryer equipped with a PV/T air collector. Sol Energy 
1(171):751–760

	 47.	 Gupta A, Das B, Biswas A, Mondol JD (2022) Sustainability 
and 4E analysis of novel solar photovoltaic-thermal solar dryer 
under forced and natural convection drying. Renewable Energy 
1(188):1008–1021

	 48.	 Ratismith W, Favre Y, Canaff M, Briggs J (2017) A non-track-
ing concentrating collector for solar thermal applications. Appl 
Energy 15(200):39–46

	 49.	 Ebadi H, Zare D, Ahmadi M, Chen G (2021) Performance of a 
hybrid compound parabolic concentrator solar dryer for tomato 
slices drying. Sol Energy 1(215):44–63

	 50.	 Lee GH (2018) Construction of conical solar concentrator with 
performance evaluation. Energy Procedia 153:137–142

	 51.	 Simo-Tagne M, Ndukwu MC (2021) Study on the effect of coni-
cal and parabolic solar concentrator designs on hybrid solar dry-
ers for apricots under variable conditions, a numerical simulation 
approach. Int J Green Energy 18(15):1613–1631

	 52.	 Shoeibi S, Kargarsharifabad H, Mirjalily SAA, Zargarazad M 
(2021) Performance analysis of finned photovoltaic/thermal solar 
air dryer with using a compound parabolic concentrator. Appl 
Energy 304:117778

	 53.	 Racharla S, Rajan K (2017) Solar tracking system–a review. Int 
J Sustain Eng 10(2):72–81

	 54.	 ElGamal R, Kishk S, Al-Rejaie S, ElMasry G (2021) Incor-
poration of a solar tracking system for enhancing the perfor-
mance of solar air heaters in drying apple slices. Renew Energy 
1(167):676–684

	 55.	 Samimi-Akhijahani H, Arabhosseini A (2018) Accelerating dry-
ing process of tomato slices in a PV-assisted solar dryer using a 
sun tracking system. Renew Energy 1(123):428–438

	 56.	 Das M, Akpinar EK (2021) Investigation of the effects of solar 
tracking system on performance of the solar air dryer. Renew 
Energy 1(167):907–916

	 57.	 Das M, Akpinar EK (2020) Determination of thermal and drying 
performances of the solar air dryer with solar tracking system: 
Apple drying test. Case Stud Therm Eng 1(21):100731

	 58.	 Dan A, Barshilia HC, Chattopadhyay K, Basu B (2017) Solar 
energy absorption mediated by surface plasma polaritons in 
spectrally selective dielectric-metal-dielectric coatings: a criti-
cal review. Renew Sustain Energy Rev 1(79):1050–1077

	 59.	 Madhlopa A, Jones SA, Saka JK (2002) A solar air heater with 
composite–absorber systems for food dehydration. Renewable 
Energy 27(1):27–37

	 60.	 Abo-Elfadl S, Hassan H, El-Dosoky MF (2020) Study of the 
performance of double pass solar air heater of a new designed 
absorber: An experimental work. Sol Energy 1(198):479–489

	 61.	 Hassan H, Abo-Elfadl S, El-Dosoky MF (2020) An experimental 
investigation of the performance of new design of solar air heater 
(tubular). Renew Energy 1(151):1055–1066

	 62.	 Biçer A, Devecioğlu AG, Oruç V, Tuncer Z (2020) Experimen-
tal investigation of a solar air heater with copper wool on the 
absorber plate. Int J Green Energy 17(15):979–989

	 63.	 Kishk SS, ElGamal RA, ElMasry GM (2019) Effectiveness 
of recyclable aluminium cans in fabricating an efficient solar 
collector for drying agricultural products. Renew Energy 
1(133):307–316

	 64.	 Sözen A, Şirin C, Khanlari A, Tuncer AD, Gürbüz EY (2020) 
Thermal performance enhancement of tube-type alternative 
indirect solar dryer with iron mesh modification. Sol Energy 
1(207):1269–1281

	 65.	 Dutta P, Dutta PP, Kalita P (2021) Thermal performance studies 
for drying of Garcinia pedunculata in a free convection corru-
gated type of solar dryer. Renew Energy 1(163):599–612

	 66.	 Essalhi H, Tadili R, Bargach MN (2018) Comparison of thermal 
performance between two solar air collectors for an indirect solar 
dryer. J Phys Sci 29(3):55–65

	 67.	 Lingayat A, Chandramohan VP, Raju VR (2017) Design, devel-
opment and performance of indirect type solar dryer for banana 
drying. Energy Procedia 1(109):409–416

	 68.	 Karim M, Perez E, Amin Z (2014) Mathematical modelling 
of counter flow V-grove solar air collector. J Renew Energy 
67:192–201

	 69.	 Adnan Abed Q, Badescu V, Ciocanea A, Soriga I, Bureţea D 
(2017) Models for new corrugated and porous solar air collectors 
under transient operation. J Non-Equilib Thermodyn 42(1):79–97

	 70.	 Krittacom B, Bunchan S, Luampon R (2022) Heat transfer 
enhancement of solar collector by placing wire mesh stainless 
porous material on the solar absorber plate of indirect forced 
convection solar dryer. Therm Sci Eng Prog 1(32):101304

	 71.	 Saravanan M, Murugan M, Sreenivasa Reddy PS, Ranjit PV, 
Elumalai K, Pramod S, Rama S (2021) Thermo-hydraulic per-
formance of a solar air heater with staggered C-shape finned 
absorber plate. Int J Therm Sci 168:107068

	 72.	 Azad R, Bhuvad S, Lanjewar A (2021) Study of solar air heater 
with discrete arc ribs geometry: Experimental and numerical 
approach. Int J Therm Sci 1(167):107013

	 73.	 Agrawal Y, Bhagoria JL, Gautam A, Chaurasiya PK, Dhanraj 
JA, Solomon JM, Salyan S (2022) Experimental evaluation of 



Food Engineering Reviews	

hydrothermal performance of solar air heater with discrete rough-
ened plate. Appl Therm Eng 5(211):118379

	 74.	 Maithani R, Saini JS (2016) Heat transfer and friction factor corre-
lations for a solar air heater duct roughened artificially with V-ribs 
with symmetrical gaps. Exp Thermal Fluid Sci 1(70):220–227

	 75.	 Patel SS, Lanjewar A (2019) Experimental and numerical inves-
tigation of solar air heater with novel V-rib geometry. Journal of 
Energy Storage 1(21):750–764

	 76.	 Rathor Y, Aharwal KR (2020) Heat transfer enhancement due 
to a staggered elementusing liquid crystal thermography in an 
inclined discrete rib roughened solar air heater. Int Commun Heat 
Mass Transfer 118:104839

	 77.	 Patil AK, Saini JS, Kumar K (2012) Nusselt number and friction 
factor correlations for solar air heater duct with broken V-down 
ribs combined with staggered rib roughness. J Renew Sustain 
Energy 4:33122

	 78.	 Kumar A, Kim MH (2015) Effect of roughness width ratios in dis-
crete multi V-rib with staggered rib roughness on overall thermal 
performance of solar air channel. Sol Energy 1(119):399–414

	 79.	 Gill RS, Hans VS, Saini JS, Sukhmeet S (2017) Investigation on 
performance enhancement due to staggered piece in a broken arc 
rib roughened solar air heater duct. Renew Energy 104:148–162

	 80.	 Dharmadurai PL, Vasanthaseelan S, Bharathwaaj R, Dharmaraj 
V, Gnanasekaran K, Balaji D, Sathyamurthy R (2020) A com-
parative study on solar dryer using external reflector for drying 
grapes. Mater Today Proc 50:552–559

	 81.	 Spall S, Sethi VP (2020) Design, modeling and analysis of effi-
cient multi-rack tray solar cabinet dryer coupled with north wall 
reflector. Sol Energy 15(211):908–919

	 82.	 Maiti S, Patel P, Vyas K, Eswaran K, Ghosh PK (2011) Perfor-
mance evaluation of a small scale indirect solar dryer with static 
reflectors during non-summer months in the Saurashtra region 
of western India. Sol Energy 85(11):2686–2696

	 83.	 Mani P, Manikandan G, Mahato M, Valarmathi TN, Subbiah G, 
Janarthanam H (2020) Experimental investigation of north wall 
insulated greenhouse solar dryer with different reflectors. In AIP 
Conf Proceed 2311(1):090002

	 84.	 Mustayen AG, Mekhilef S, Saidur R (2014) Performance study 
of different solar dryers: A review. Renew Sustain Energy Rev 
1(34):463–470

	 85.	 Kabeel AE, Dharmadurai PD, Vasanthaseelan S, Sathyamurthy 
R, Ramani B, Manokar AM, Chamkha A (2022) Experimental 
studies on natural convection open and closed solar drying using 
external reflector. Environ Sci Pollut Res 29:1391–1400

	 86.	 Rashidi M, Arabhosseini A, Samimi-Akhijahani H, Kermani AM 
(2021) Acceleration the drying process of oleaster (Elaeagnus 
angustifolia L) using reflectors and desiccant system in a solar 
drying system. Renew Energy 171:526–41

	 87.	 Teklu H, Bayray M, Abay D, Kalamegam M (2020) Performance 
Enhancement of Natural Convection Indirect Solar Dryer by Inte-
grating Reflectors. Momona Ethiopian J Sci 12(2):212–222

	 88.	 Gebremicheal GH, Buzas J, Farkas I (2021) Performance Evalu-
ation of Solar Air Collector by Chimney Effect for Drying Appli-
cations. Acta Technol Agric 24(4):159–165

	 89.	 Visavale GL (2012) Principles, classification and selection of 
solar dryers. In: Solar drying: fundamentals, applications and 
innovations. Singapore, pp 1‐50

	 90.	 Kumar M, Sansaniwal SK, Khatak P (2016) Progress in solar 
dryers for drying various commodities. Renew Sustain Energy 
Rev 1(55):346–360

	 91.	 Malik A, Kumar M (2024) Experimental ginger drying by a novel 
mixed-mode vertical solar dryer under partial and fully loaded 
conditions. Innov Food Sci Emerg Technol 95:103736

	 92.	 Kumar M, Kumar A, Sahdev RK, Manchanda H (2022) Com-
parison of groundnut drying in simple and modified natural con-
vection greenhouse dryers: thermal, environmental and kinetic 
analyses. J Stored Prod Res 1(98):101990

	 93.	 Singh P, Gaur MK (2020) Review on development, recent 
advancement and applications of various types of solar dryers. 
Energ Sourc, Part A: Recov, Util Environ Effect 16:1–21

	 94.	 Kant R, Kushwah A, Kumar A, Kumar M (2023) Solar drying of 
peppermint leave: thermal characteristics, drying kinetics, and 
quality assessment. J Stored Prod Res 1(100):102068

	 95.	 Sinhmar N, Singh P (2021) Progress and latest developments 
in hybrid solar drying with thermal energy storage system. In: 
Advances in electromechanical technologies: select proceedings 
of TEMT 2019. Springer Singapore, pp 487–498

	 96.	 Ndukwu MC, Ibeh MI, Etim P, Augustine CU, Ekop IE, Leonard 
A, Oriaku L, Abam F, Lamrani B, Simo-Tagne M, Bennamoun 
L (2022) Assessment of eco-thermal sustainability potential of 
a cluster of low-cost solar dryer designs based on exergetic sus-
tainability indicators and earned carbon credit. Cleaner Energy 
Systems 1(3):100027

	 97.	 Dincer I (2011) Exergy as a potential tool for sustainable drying 
systems. Sustain Cities Soc 1(2):91–96

	 98	 Shimpy KM, Kumar A (2023) Designs, performance and 
economic feasibility of domestic solar dryers. Food Eng Rev 
15(1):156–86

	 99.	 Srinivasan G, Muthukumar P (2021) A review on solar green-
house dryer: Design, thermal modelling, energy, economic and 
environmental aspects. Sol Energy 15(229):3–21

	100.	 Tiwari S, Sahdev RK, Kumar M, Chhabra D, Tiwari P, Tiwari 
GN (2021) Environmental and economic sustainability of PVT 
drying system: A heat transfer approach. Environ Prog Sustain 
Energy 40(3):e13535

	101.	 Condorí M, Duran G, Echazú R, Altobelli F (2017) Semi-indus-
trial drying of vegetables using an array of large solar air collec-
tors. Energy Sustain Dev 1(37):1–9

	102.	 Srivastava A, Anand A, Shukla A, Kumar A, Sharma A (2022) 
Performance evaluation of an industrial solar dryer in Indian 
scenario: a techno-economic and environmental analysis. Clean 
Technol Environ Policy 24(9):2881–2898

	103.	 Machala ML, Tan FL, Poletayev A, Khan MI, Benson SM (2022) 
Overcoming barriers to solar dryer adoption and the promise of 
multi-seasonal use in India. Energy Sustain Dev 1(68):18–28

	104.	 Ortiz-Rodríguez NM, Condorí M, Durán G, García-Valladares O 
(2022) Solar drying Technologies: A review and future research 
directions with a focus on agro industrial applications in medium 
and large scale. Appl Therm Eng 12:118993

	105.	 Sianipar CP (2022) Environmentally-appropriate technology 
under lack of resources and knowledge: Solar-powered cocoa 
dryer in rural Nias, Indonesia. Clean Eng Technol 1(8):100494

	106.	 Dwivedi A, Goel V, Pathak SK, Kumar A (2023) Prioritization 
of potential barriers to the implementation of solar drying tech-
niques using MCDM tools: A case study and mapping in INDIA. 
Sol Energy 15(253):199–218

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	Solar Ddryers for Food Preservation: An In-Depth Review of Design, Fabrication and Barriers
	Abstract
	Introduction
	Types of Solar dDryer
	Based on Air Movement
	Passive Dryers
	Active Dryers

	Based on Mode of Heat Transfer
	Direct Solar Dryers
	Indirect Solar Dryers
	Hybrid Solar Dryer
	Mixed Mode Active Solar Dryers

	Based on Drying Chamber
	Cabinet Type dryer
	Greenhouse Solar Dryer
	Tent Type Dryer


	Design and Fabrication Perspective of a Solar Dryer
	Collectors
	Stationary Collectors
	Flat Plate Collectors
	Solar Collectors with Tracking Systems


	Advantages of a Solar Tracking Systems
	Disadvantages of Solar Tracking Systems
	Absorber
	Reflectors
	Drying Chamber

	Selection Criteria for a Suitable Solar Dryer
	Environmental, Economic, and Social Aspects of Solar Dryer
	Challenges and Future Prospects
	Technical Barriers
	Economic Barriers
	Societal Barriers

	Conclusion
	References


