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Abstract— In order to improve the shelf life of the agricultural 

products, dryers have been developed and used.  Since, Energy 

is one of the main concerns for the growing future of any 

nation, solar dryer for domestic as well as industrial usage 

could be an effective alternative of saving conventional 

energy.  The use of solar dryers in the drying of agricultural 

products significantly reduces or eliminates product wastage, 

food poisoning and at the same time it can enhance the 

productivity of the farmers. Thus, there is a need to make the 

solar dryers more efficient and cheaper. The objective of this 

paper is the design & performance analysis of different types 

of solar dryer & its Prospect in drying various agricultural 

products on the basis of their application. We reviewed how 

the different techniques have applied to them, in order to 

improve their efficiency and reduce the drying times. 
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I. INTRODUCTION 

In the process of drying heat is necessary to evaporate 

moisture from the substance to be dried, and a flow of air is 

needed to carry away the evaporated moisture.Most of the 

agricultural products contain the higher moisture of 25–80% 

but generally for agricultural products around 70%.This value 

of moisture content is very much higher than the other and 

are required for long preservation. Using solar drying 

technologies are very much advantages than using fossil fuels 

for product drying. Most beautiful advantage is pollution free 

method and reducing emission of carbon particles in 

atmosphere. Solar dryer are the device used for product 

drying with proper application of solar energy. It has been 

observed that use of mixed mode type solar dryer  under 

natural convection reduces moisture content in a very less 

time as well as drying rate is very fast and relative humidity 

is less than forced convection mode. 

Megha S. Sontakke et al.[1] analysed the properties 

of various types of the solar dryers which can be used in a 

conventional application and came to a conclusion that the 

time required for drying in mixed mode solar dryer is less 

than other type of dryer and Force circulation drying gives 

better result than natural circulation solar dryer.J. I. Eze[2] 

used three models of passive solar dryers which include 

Green house solar dryer, Sun-tracking solar dryer and 

Latitudinal box solar dryer for making a study on the Effect 

of Different Solar Dryers on the Vitamin Content of Tomato 

and concluded that, the use of solar dryers for drying tomato 

increases the concentration of fat soluble vitamins in tomato. 

A. Developments of Solar Dryer 

A.A. El-Sebaii et al.[3] takes a concept of  introduction of 

solar dryers in developing countries can reduce the crop 

losses and improve the quality of the dried product 

significantly when compared to the traditional methods of 

drying such as sun or shade drying. The system was tested 

experimentally under daytime no-load conditions, over the 

ambient temperature range of 19–41 ◦C, and a daily global 

irradiation range of 4.9–19.9 MJ/m2. These results which 

were obtained showed that the system can be operated 

successfully for crop drying applications. Gbaha et al. [4] 

designed and tested experimentally a direct type natural 

convection solar dryer for drying cassava, bananas and 

mango slices. This dryer can be manufactured by the local 

farmers using the local materials as it is very simple in design. 

This model is easy to use and it has a relatively moderate cost. 

The thermal performance of the newly developed dryer was 

found to be higher compared to open sun drying for the 

selected food materials. Sandeep Panchal et al.[5] Their 

research project reports the design, construction and testing 

of a simple solar dryer with roughened surface with solar air 

heater. Also the result has been tested with different 

arrangement of air resistors inside Like Square shaped, V-

shaped, square & V-shaped combined. From the results it was 

clear that V-shaped strip arrangement is quite efficient than 

the other. Atul H Patel et al.[6] reviewed the different types 

of solar dryer with detailed development and performance 

and results were obtained. (2013). S. Vijaya Venkata Raman 

et al.[7] presented comprehensive review of various solar 

drying technologies with a detailed design, development, 

performance evaluation and also discussed the drying in off 

sunshine hours by using different desiccant materials (2012). 

Prof.S.S.Bhansali et al.[8] has dealt with the design and 

fabrication of solar dryer system for the multipurpose drying 

grapes and multi fruits. Further it was also established that 

solar drying of grapes in indirect solar system is more 

economical and beneficial than the direct solar dryer system 

which is also applicable for the household, agricultural, and 

industrial purposes. Serm Janjai [9] This study is mainly 

focused on the greenhouse type solar dryer for small-scale 

dried food industries and about its development and 

dissemination. Results obtained from these experiments 

showed that drying air temperatures in the dryer varied from 

35°C to 65°C and in addition, the drying time for these 

products was 2-3 days shorter than that of the natural sun 

drying, which means the dryer is quite efficient than the 

normal sun drying and good quality dried products were 

obtained. Amin Omda Mohamed Akoy et al. [10] reported on 

a natural convection solar dryer of a box- type (cabinet) was 

designed and constructed and concluded that the designed 

dryer with a solar collector area of 16.8 m² is expected to dry 

195.2 kg fresh mango (100kg of sliced mango) from initial 

moisture 81.4% to 10% final moisture in two days under 

ambient conditions during the months of April to June. The 

average ambient conditions are 30ºC air temperature and 15% 

relative humidity and air flow rate 0.0903 kg/s with daily 

global solar radiation incident on horizontal surface of about 

232 W/m² for drying time 10 hours per day. Bolaji et al[11] 

have built a simple and inexpensive mixed mode solar dryer. 
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The temperature rise inside the drying cabinet was up to 24oC 

(74%) for a hours immediately after 12.00hr (noon). The 

drying rate, collector efficiency and percentage of moist 

removed (dry basis) for drying yam chips were 0.62 kgh-

1,57.5 and 85.4% respectively. Abdulelah Ali Al-Jumaah et 

al [12] This project presents the design, construction and 

performance of a mixed-mode solar dryer for food 

preservation. The dryer exhibited sufficient ability to dry food 

items reasonably rapidly to a safe moisture level and 

simultaneously it ensures a superior quality of the dried 

product. Tripathy and Kumar [13] constructed a laboratory 

scale mixed-mode solar dryer consisting of an inclined flat 

plate solar collector connected in series to a drying chamber 

glazed at the top. They used the dryer to perform natural 

convection drying of potato cylinders of length 0.05 m and 

diameter 0.01m and slices of diameter 0.05 m and thickness 

0.01 m. 

B. Classification of Solar Dryer 

There are many types of solar dryer present which may be 

classified according to the mechanism by which the energy 

used to remove moisture, is transferred to the product [14]  

 
Fig. 1: Classification of solar dryer 

1) Sun or Natural Dryers 

The material to be dried is placed directly under hostile 

climate conditions like solar radiation, ambient air 

temperature, relative humidity and wind speed to achieve 

drying. 

2) Direct Solar Dryers 

In these dryers, the material to be dried is placed in an 

enclosure, with transparent covers or side panels. Heat is 

generated by absorption of solar radiation on the product 

itself as well as the internal surfaces of the drying chamber. 

This heat evaporates the moisture from the drying product 

and promotes the natural circulation of drying air. 

3) Indirect Solar Dryers 

In these dryers, air is first heated in a solar air heater and then 

ducted to the drying chamber. 

4) Mixed-Type Solar Dryers 

The combined action of the solar radiation incident directly 

on the material to be dried and the air pre-heated in the solar 

air heater furnishes the energy required for the drying 

process. 

II. APPLICATION 

This type of dryer has been widely tested and attained 

economic viability. The moisture contents of chilli at three 

different locations starting from top to bottom inside the dryer 

reached to 16.70 % (w.b.), 07.13 % (w.b.) and 01.58 % (w.b.) 

respectively from 76.96 % (w.b.) in 27 hours of drying in 

three days while the moisture content of a similar sample in 

the traditional method after the same period of drying was 

53.78 % (w.b.). [16] 

 
Fig. 2: Solar tunnel dryer 

J. I. Eze[16]used the Tomato fruits (plum variety) 

bought from Nsukka main market for this study. They were 

washed and sliced uniformly. Random samples from the 

chips were analyzed for vitamins A, C, and E using the 

official methods of analysis of the Association of Official 

Analytical Chemists, AOAC. They were then divided into 

four parts, each for the three dryers and one part for open-air 

sun drying as control for the study. The vitamin analysis was 

done using the Completely Randomized Design (CRD) 

statistical method. Samples of tomato fruit were dried in the 

open-air and with solar dryers. Vitamin A, C and E were 

analysed to determine their concentrations before and after 

drying. 

 
Fig. 3: Double pass natural convection solar tunnel dryer 

integrated with heat storage 

In all cases, there were significant changes in the 

concentration of vitamins after drying and hence it was found 

that the use of solar dryers for drying tomato increases the 

concentration of fat soluble vitamins while open-air system 

enhances water soluble vitamins better than solar dryers. 

J. E. Berinyuy et al. [17] designed and constructed a 

double pass solar tunnel dryer integrated with heat storage 

using local materials and evaluated it for drying leafy 

vegetables and other agricultural products (Figure-3). The 

dryer was faced southwards with an inclination of 6º, and the 

solar radiation falling on the dryer surface was estimated to 

be 12.13 kJ/m2 per day. They also used heat storage system, 

due to which, the temperature inside the dryer remained 5ºC 

above the ambient temperature even at sunset. The dryer was 
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capable of drying 17 kg of sliced cabbage from 95% moisture 

content wet basis down to 9% in five days. They concluded 

that the overall dryer efficiency obtained was 17.68%, with a 

moisture extraction efficiency of 79.15% and airflow of 9.68 

m3/hr. They tested the dryer on other high moisture products 

and found that the dryer could reduce the drying time by 30 

to 50% depending on the product. 

 
Fig. 4: Experimental setup of indirect forced convection 

solar dryer 

M. Mohanraj et al. [18] developed an indirect forced 

convection solar dryer incorporated with sensible heat storage 

material for drying chillies (Figure-4). They concluded that 

the dryer integrated with heat storage material enables it to 

maintain a consistent air temperature inside the dryer. The 

chilli was dried from an initial moisture content of 72.8% to 

the final moisture content of about 9.2% in the bottom tray 

and about 9.7% (wet basis) in the top tray. 

 
Fig. 5: Distributed-type natural-circulation solar maize dryer 

The inclusion of heat storage material (Gravel) also 

increases the drying time by about 4 hours per day. They 

estimated the thermal efficiency of solar dryer to be about 

21% and specific moisture extraction rate to be about 0.87 

kg/kWh. 

A laboratory scale forced convection based solar 

dryer was designed & developed by G.Padmanaban et.al [19] 

for drying Amla under the climatic condition of Coimbatore 

region, Tamil Nadu , India. The Solar dryer consists of a box 

type absorber & a drying chamber fitted with one blower. The 

north face of the dryer was kept insulated, and having door to 

load and unload material in trays. The experimental results 

show that reduction of drying time of amla was nearly 79% 

in comparison to open sun drying. The average time required 

to dry 1 kg amla from moisture content of 80% to 10.06% on 

wet basis was found to be 36 hours whereas in open sun 

drying it takes 7 days to achieve the same drying rate. Amla 

were dried from initial moisture content 51.8% to the final 

moisture content about 9.7% and from initial moisture 

content 80% to the final moisture content about 10.6% and 

11%(wet basis)in bottom and top tray respectively. 

Othieno et al. [20] developed an indirect solar dryer 

for drying the seasonal crops like maize (Figure-5). The dryer 

consisted of a single glazed passive solar air heater with 1 m2 

single flat-plate collector. The air heater was connected to an 

insulated drying cabinet equipped with a chimney. The entire 

dryer assembly was made from hardboard. To improve the 

efficiency, air heater was slightly modified with a wider air 

gap (15 cm) to accommodate three layers of wire-mesh 

absorber which has been placed between the glazing and the 

flat-plate absorber. The dryer was capable of drying 90 kg of 

wet maize from a moisture content of about 20% wet basis to 

12% within 3 days on a sunny day. 

 
Fig. 6: Solar cabinet dryer 

Bukola O. Bolaji.et.al [21] Designed, constructed 

and tested the solar wind-ventilated cabinet dryer (fig-6) in 

Nigeria on latitude 7.5oN.Comparatively, drying with the 

solar cabinet dryer showed better results than open air-drying. 

During the period of test, the average air velocity through the 

solar dryer was 1.62 m/s and the average daylight efficiency 

of the system was 46.7%. The maximum drying air 

temperatures was found to be 64oC inside the dryer. The 

average drying air temperature in the drying cabinet was 

higher than the ambient temperature in the range of 5oC in 

the early hours of the day to 31oC at mid-day.80% and 55% 

weight losses were obtained in the drying of pepper and yam 

chips, respectively, in the dryer . 

Ahmed Abed Gatea [22] had designed and 

manufactured a solar dryer and conducted its performance 

test on bean. The drying test was conducted after setting the 

drying air speed at 1.5 m/s at the drying chamber. The drying 

process continued until the total beans weight was (100 kg). 

The highest and the lowest solar collector efficiencies of 

61.82 and 45.40% were obtained at 11.00 and 9.00 h, 

respectively. Higher moisture evaporating from the beans 

was achieved in the first tray, as moisture content was 

reduced from 60 to 8% during the 6 h compared with the other 

three trays. For the inlet air temperature of 38°C, the 

maximum air temperature at the dryer inlet was recorded as 

56°C at a solar irradiance level of 700 W/m2. The maximum 

drying temperature through the drying time was 61°C and the 

amount of the moisture content was decreased to 11% in 6 h. 
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The highest efficiency solar collector was found to be 61.82% 

and the lowest efficiency was 45.40%. 

 
Fig. 7: Section of the mixed-mode solar dryer 

III. EFFICIENCY INCREASE THROUGH SOLAR TRACKING 

Any solar system performance depends on how much solar 

irradiation it can collect. For collecting the maximum amount 

solar radiation, all types of solar collectors must be directed 

towards the sun so that all the sun's rays fall normally on the 

optical system, which can increase the efficiency of the 

system. Conventionally, the solar collectors are fixed in 

positions to utilize the sun’s incident energy. Since the sun is 

continuously altering its position because of earth’s rotation 

and its revolution around the sun, the ray's incident on the 

collectors cannot be in the optimum direction. In order to 

overcome this problem some systems are developed to trap 

this energy by continuously changing the orientation of the 

collector so that the direction of propagation of beam 

radiation is always perpendicular to the collector surface. 

These systems are known as “Sun tracking systems or Sun 

trackers”. Commercially, single axis and two axis tracking 

mechanisms are available.  

An investigation of the solar dryers by 

A.S.M.Mohsin et.al [23] has shown that modifying the two 

axis solar tracking system & calculating the inclination angle 

System around 3.23% and 9.46% gain can be increased 

compared to the conventional 23.5o inclination and 

horizontally placed PV system. If two-axis tracking has been 

adopted the PV panel would achieve 15.8% increase than the 

23.5o inclined PV panel in received solar irradiation. 

IV. CONCLUSION 

Solar dryers are simple in construction and can be constructed 

by using the locally available materials. They may vary in 

construction depending upon their loading capacity. The solar 

drier can be operated by a photovoltaic module independent 

of electrical grid. The constructed dryers are to be used to dry 

vegetables, fruits, crops, seeds, and other food materials 

under controlled and protected conditions. Solar dryer is the 

best alternative technology to avoid disadvantages of 

conventional drying methods. But indirect mode of product 

drying will essential whenever requires avoiding direct 

exposure of product to the solar radiation. In all the cases the 

use of solar dryer leads to considerable reduction of drying 

time in comparison to sun drying and the quality of the 

product dried in the solar drier was of quality dried products 

as compared to sun dried products and they are appropriate 

for production of quality dried fruits, vegetables, spices, herbs 

and medicinal plants, and fish. 

The efficiency of solar drying system is affected by 

the properties of drying materials e.g. moisture content, size, 

shape and geometry as well as ambient conditions, which 

include solar radiation and temperature, relative humidity, 

velocity and atmospheric pressure of ambient air. 

REFERENCES 

[1] Megha S. Sontakke, Prof.Sanjay P. Salve Solar Drying 

Technologies: a review. (April 2015). International 

Refereed Journal of Engineering and Science 

(IRJES)ISSN (Online) 2319-183X, (Print) 2319-1821 

Volume 4, Issue 4, PP.29-35 

[2] J. I. Eze. (2012).Studies on the Effect of Different Solar 

Dryers on the Vitamin Content of Tomato 

(Solanumlycopersicon).Eze, J Food Process Technol, 

3:9  

[3] A.A. El-Sebaii, S.M. Shalaby. (2012).Solar drying of 

agricultural products: A review.Renewable and 

Sustainable Energy Reviews 16 37– 43 

[4] Gbaha P, Andoh HY, Saraka JK, Koua BK, Toure 

S.(2007).Experimental investigation of a solar dryer with 

natural convective heat flow.Renewable 

Energy;32:1817–29. 

[5] SandeepPanchal, Satish Kumar solanki, Sunil Yadav, 

Prof Asim Kumar Tilkar, Prof Ravi Nagaich.(July 

2013).Design, Construction and Testing of Solar Dryer 

with Roughened Surface Solar Air Heater.International 

Journal of Innovative Research in Engineering & 

Science ISSN 2319-5665.(issue 2 volume 7) 

[6] Atul H Patel, Prof. S A Shah, Prof. Hitesh Bhargav. 

(2013). Review on Solar Dryer for Grains, Vegetables 

and Fruits, IJERT,Vol. 2 Issue 1. 

[7] S. VijayaVenkata Raman, S. Iniyan, RankoGoic 

(2012).A review of solar drying technologies- 

Renewable and Sustainable Energy Reviews 16, 2652– 

2670. 

[8] Prof.S.S.Bhansali, Sonalinagargoje, SurajWasade, 

AmolKanwale:SOLAR DRYER SYSTEM (A REVIEW 

PAPER).International Journal of Research In Science & 

Engineering e-ISSN: 2394-8299 (Volume: 1 Issue:3) p-

ISSN: 2394-8280 

[9] SermJanjai.(2012).A greenhouse type solar dryer for 

small-scale dried food industries.Development and 

dissemination-International journal of energy and 

environment-Volume 3, Issue 3 (pp.383-398) 

[10] EL- Amin Omda Mohamed Akoy, Mohamed Ayoub 

Ismail, El-Fadil Adam Ahmed and W. Luecke. Design 

and Construction of A Solar Dryer for Mango Slices. 

[11] B.O. Bolaji; AyoolaOlalusi: “ Analysis of moisture trans 

port in the solar drying of food items“-The pacific 

Journal of science and technology vol 9 no 2 640-645 

[12] Abdulelah Ali Al-Jumaah; Abdullah Mohamed Asiri; 

MohamedFadilAlshehri; Ahmed Mohamed Deash; 

FahdMinajy Al-Hamzi: Design and construction of solar 

drying system for food preservation-IJERT,Vol. 3 Issue 

2 

[13] Tripathy PP, Kumar S. (2008).Determination of 

temperature dependent drying parameters for potato 



A Review on Solar Drying System and its Applications 

 (IJSRD/Vol. 5/Issue 01/2017/180) 

 

 All rights reserved by www.ijsrd.com 666 

cylinders and slices during solar drying.Energy 

Conversion and Management.49:2941–8. 

[14] Furlan G, Mancini NA, Sayigh AAM.(1983). Non-

conventional energy sources.Miramare-Triest, Italy. 

[15] B. K. Bala, SermJanjai. (2009). “Solar drying of fruits, 

vegetables, spices, medicinal plants and fish: 

Developments and Potentials”.International Solar Food 

Processing Conference. 

[16] J. I. Eze. (2012). Studies on the Effect of Different Solar 

Dryers on the Vitamin Content of Tomato 

(Solanumlycopersicon).Food Processing & Technology, 

3:9 

[17] J. E. Berinyuy, J. K. Tangka, G. M. WekaFotso. (2012). 

Enhancing natural convection solar drying of high 

moisture vegetables with heat storage. AgricEngInt: 

CIGR Journal. 14(1). 

[18] M. Mohanraj, P. Chandrasekar. (2009). Performance of 

a Forced Convection Solar Drier Integrated with Gravel 

as Heat Storage Material for Chili Drying. Journal of 

Engineering Science and Technology. 4(3): 305-314. 

[19] G.Padmanaban, Dr.P.k.Palani ,Dr.S.Dharmalingam 

Reaction of developed solar dryer on amla. International 

Journal of Advanced Engineering Technology E-ISSN 

0976-3945 

[20] Othieno H, Grainger W, Twidel JW. (1981). Application 

of small-scale solar crop dryers to maize drying in 

Kenya.In. Proceedings of the 2nd Conference on energy 

for rural and island communities, Inverness, UK.pp.377-

86. 

[21] Bukola O. Bolaji, Tajudeen M.A. Olayanju and Taiwo 

O. Falade. Performance Evaluation of a Solar Wind- 

Ventilated Cabinet Dryer;Department of Mechanical 

Engineering, The Federal University of Agriculture, 

P.M.B. 2240, Abeokuta, Nigeria.The West Indian 

Journal of Engineering Vol.33, Nos.1/2, January 2011, 

pp.12-18 

[22] Ahmed AbedGatea.(2011).Performance evaluation of a 

mixed-mode solar dryer for evaporating moisture in 

beans.Journal of Agricultural Biotechnology and 

Sustainable Development Vol. 3(4) pp. 65-71, April. 

[23] A.S.M.Mohsin, Md. Nasimul Islam Maruf, A.H.M. 

Sayem, Md. Rejwanur Rashid Mojumdar and Hossain 

Mahmud Shamim. (April 2011).Farhad Prospect & 

Future of Solar Dryer: Perspective Bangladesh IACSIT 

International Journal of Engineering and Technology, 

Vol.3, No.2. 


