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Abstract— The solar drying system utilizes solar energy to 

heat up air and to dry Bagasse by reducing its moisture 

content and using it as an alternative for coal in boiler to 

reduce the pollutants and conserve our non-renewable 

resources as well as drying any food substance loaded, which 

is beneficial in reducing wastage of agricultural product and 

helps in preservation of agricultural product. Based on the 

limitations of the natural sun drying e.g. exposure to direct 

sunlight, liability to pests and rodents lack of proper 

monitoring, and the escalated cost of the mechanical dryer, a 

solar is therefore developed to cater for this limitation. This 

project presents the design, construction and performance of 

a mixed-mode solar dryer for Bagasse. In the dryer, the 

heated air from a separate solar collector is passed through a 

Bagasse bed, and at the same time, the drying cabinet absorbs 

solar energy directly through the transparent walls and roof. 
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I. INTRODUCTION 

The conditions in tropical countries make the use of solar 

energy for drying food practically attractive and 

environmentally sound. Dryers have been developed and 

used to dry agricultural products in order to improve shelf 

life. Most of these either use an expensive source of energy 

such as electricity or a combination of solar energy and some 

other form of energy. Most projects of these natures have not 

been adopted by the small farmers, either because the final 

design and data collection procedures are frequently 

inappropriate or the cost has remained inaccessible and the 

subsequent transfer of technology from researcher to the end 

user has been anything but effective. Drying may be an 

interesting method in order to prevent fresh fruit deterioration 

and increase the calorific value of Bagasse by reducing its 

moisture content. There is spoilage of fruits and other fresh 

foods that could be preserved using drying techniques in India 

and other developing countries. Seasonal fruits like mangoes 

are not presently dried for export, or for local consumption 

during period of scarcity. 

Solar thermal technology is a technology that is 

rapidly gaining acceptance as an energy saving measure in 

agriculture application. It is preferred to other alternative 

sources of energy such as wind and shale, because it is 

abundant, inexhaustible, and non-polluting. Solar air heaters 

are simple devices to heat air by utilizing solar energy and it 

is employed in many applications requiring low to moderate 

temperature below 80°C, such as crop drying and space 

heating. 

II. LITERATURE REVIEW 

A. 2012-‘K. Gunasekaran’-‘Modeling and Analytical 

Experimental Study of Hybrid Solar Dryer Integrated with 

Biomass Dryer for Drying Coleus Forskohlii Stems’: 

This paper explains a treatment an integrated Hybrid type of 

Solar dryer has been designed integrated with Biomass 

Energy and evaluated using experimental study of drying 

Coleus stems. Major components of this Hybrid dryer are 

solar collector, drying chamber and Bio-mass producing 

setup. The dryer has been modeled using the simple materials 

and tools. Then it will be evaluated using three methods like 

only solar dryer, only bio-mass and hybrid technique of solar 

dryer with bio-mass. Moisture content of the Coleus stems 

has been determined using three ways.  

B.  2013-‘R. Vidyasagarraju’-‘Design And Fabrication Of 

Efficient Solar Dryer’: 

This paper explains that a solar dryer is designed and 

constructed based on preliminary investigations of drying 

under controlled conditions (laboratory dryer). The 

constructed dryer is to be used to dry under controlled and 

protected conditions. The designed dryer with a collector area 

of 1m2 is expected to dry 20kg fresh Bagasse from 89.6% to 

13% wet basis in two days under ambient conditions during 

harvesting period from February to March. A prototype of the 

dryer with 1.03m2 solar collector area was constructed to be 

used in experimental drying tests. Along with this the water 

heating system is also employed to the dryer to recover the 

waste heat getting from the dryer. Hence the practical usage 

of dryer is greatly increased by employing the water heating 

system along with dryer.  

C. ‘Siddhart Gokhle’-‘Experimental Analysis of Solar Air 

Dryer for Agricultural Products’: 

This paper explains about experimental the indirect mode 

forced convection solar dryer has good speed and quality of 

drying. The designed solar air dryer with a collector area of 

2m2 dries agricultural products from 89.6% to 13% moisture 

content under ambient conditions during harvesting period 

from February to April. Experiments were performed on solar 

air heater, the maximum temperature rise is 20°C and the 

solar intensity was found to be in the range of 402-509 w/m2. 

Maximum collector efficiency of 55.15% is obtained for 

forced convection. Drying time is less in forced convection 

than the natural convection, so forced convection is preferred 

than natural convection for drying of agricultural products.  

D. ‘S.M. Shalaby’- ‘Solar drying of agricultural products: A 

review’: 

The use of solar energy in recent years had reached a 

remarkable edge. The continuous research for an alternative 

power source due to the perceived scarcity of fuel fossils is  
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It’s driving force. It had become even more popular 

as the cost of fossil fuel continues to rise. Of all the renewable 

sources of energy available, solar energy is the most abundant 

one and is available in both direct as well as indirect forms. 

Solar energy applications were divided mainly into two 

categories: the first is the direct conversion to electricity using 

solar cells (electrical applications). The second is the thermal 

applications. The latter include solar heating, solar cooling, 

solar drying, solar cooking, solar ponds, solar distillation, 

solar furnaces, solar thermal power generation, solar water 

heating, solar air heating, etc. Detailed description, 

fundamentals and previous work performed on solar dryers 

and solar air heaters, as the vital element for the indirect and 

mixed modes of solar dryers, were presented in this paper.  

E. ‘S.Arun’-‘Experimental Studies On Drying 

Characteristics Of Coconuts In A Solar Tunnel Greenhouse 

Dryer Coupled With Biomass Backup Heater’: 

This paper represents a natural convection solar tunnel 

greenhouse dryer coupled with biomass backup heater was 

designed and developed for studying the drying 

characteristics of coconuts in Pollachi region of Tamil Nadu. 

Three trails of loading 5000 coconuts in the dryer were 

carried out during the month of January, 2014.The biomass 

backup heater was used after 5PM where there would be no 

sufficient solar radiation and was loaded with the remains of 

coconut such as coconut fronts, coconut husk and coconut 

shells which could be used as a fuel for biomass heater. The 

drying time and the product quality were the main deciding 

performance parameters of the dryer which are studied in 

comparison with the traditional drying method (open sun 

drying).It was found that the coconuts which has an initial 

moisture content of 53.84% (w.b.) were dried to final 

moisture content of 7.003% (w.b.) in the solar tunnel 

greenhouse dryer for a time period of 44 hours whereas the 

open sun drying method took 148 hours for the reduction of 

moisture content of the coconuts to the same level. Also, the 

superior quality coconuts can be produced from the solar 

tunnel greenhouse dryer since the dryer is free from 

contamination, dust & dirt, damage by birds and infections by 

bacteria and fungus.  

Conditions often preclude the use of sun drying 

because of spoilage due to rehydration during unexpected 

rainy days. Furthermore, any direct exposure to the sun 

during high temperature days might cause case hardening, 

where a hard shell develops on the outside of the agricultural 

products, trapping moisture inside. Therefore, the 

employment of solar dryer taps on the freely available sun 

energy while ensuring good product quality via judicious 

control of the radioactive heat. Solar energy has been used 

throughout the world to dry products. Such is the diversity of 

solar dryers that commonly solar-dried products include 

grains, fruits, meat, vegetables and fish.  

III. MODES OF DRYING 

Solar dryers can be classified by two types, active and passive 

mode. Passive dryers can be further divided into direct and 

indirect models. A direct solar dryer is a system in which the 

food is directly exposed to the solar radiations only in which 

the material to be dried are placed in a transparent enclosure 

of glass or plastic or with reflected radiations such as box 

dryer. Reflected radiations are used to increase the 

temperature in the box dryer.  

Indirect mode-In indirect dryer typically consists of 

a drying chamber and collector chamber. A solar energy is 

collected in separate equipment called as solar collector that 

is covered by transparent cover made of glass or plastic. A 

collector chamber is used for solar-energy collection for 

heating of entering air into the drying chamber that connected 

separately where the product is placed. The heated air is 

allowed to flow through wet products. Here, the heat from 

moisture evaporation is provided by convective heat transfer 

between the hot air and the wet crop. The drying is basically 

by the difference in moisture concentration between the 

drying air and the air in the vicinity of crop surface. The 

product is not directly exposed to solar radiation because to 

minimize discoloration and cracking on the surface of the 

products. 

Mixed mode drying- In the mixed mode type of 

drying system, the heated air from the separate solar collector 

is passed through a drying chamber and the same time , the 

drying chamber will absorbs a solar energy directly through 

a transparent cover. The product is dried simultaneously by 

both radiation with conduction of heat through the transparent 

cover and the convection of the heat from the solar air heater. 

 

 
Fig. 1: Working principle 

 
Fig. 2: Side view 

IV. OBJECTIVE 

The objective of this project is to develop a mixed-mode solar 

dryer in which the grains are dried simultaneously by both 

direct radiation through the transparent walls and roof of the 

cabinet and by the heated air from the solar collector.  
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              The problems of low and medium scale processor 

could be alleviated, if the solar dryer is designed and 

constructed with the consideration of overcoming the 

limitations of direct and indirect type of solar dryer. So 

therefore, this project will be based on the importance of a 

mixed mode solar dryer which is reliable and economically, 

design and construct a mixed mode solar dryer using locally 

available materials and to evaluate the performance of this 

solar dryer. 

V. METHODOLOGY 

The process of drying bagasse has to be faster that it is 

generally. The moisture content has to be brought down 

drastically. The solar bagasse dryer does exactly the same 

work efficiently without any external supply. In this process 

initially the bagasse containing around 50% moisture is added 

in the dryer. The surrounding air is taken in by the blower 

which is passed through the solar collector box. Its 

temperature is increased by solar energy which is collected 

by the solar flat plate collector. The baffle present in between 

allows the air to be in contact with the hot plate thus 

increasing its temperature. This is then passed over the 

bagasse causing it to lose the moisture. The bagasse is then 

passed to lighter by the blower present at cyclone. Cyclone 

then allows the bagasse to lose its moisture and the hot air to 

pass out through outlet. The bagasse is then finally collected 

and passed on to the boiler. 

VI. WORKING 

Solar drying refers to a technique that utilizes incident solar 

radiation to convert it into thermal energy required for drying 

purposes. Most solar dryers use solar air heaters and the 

heated air is then passed through the drying chamber 

(containing material) to be dried. The air transfers its energy 

to the material causing evaporation of moisture of the 

material. 

          In the process of drying, heat is necessary to evaporate 

moisture from the material and a flow of air helps in carrying 

away the evaporated moisture. There are two basic 

mechanisms involved in the drying process: the migration of 

moisture from the interior of an individual material to the 

surface, and the evaporation of moisture from the surface to 

the surrounding air. 

VII. DIMENSION 

It is recommended that a constant exchange of air and a 

roomy drying chamber should be attained in solar food dryer 

design, thus the design of the drying chamber was made as 

spacious as possible of average dimension of 100 ×103 × 76 

cm3 with air passage (air vent) out of the cabinet of 90 × 

10cm2. The drying chamber was roofed with glass of 100 × 

103 cm2. This is to keep the temperature within the drying 

chamber fairly constant due to the greenhouse effect of the 

glass. 

 

 
Fig. 3: Design and bill of material 

VIII. CONCLUSION 

Utilization of the renewable sources like solar energy, 

bagasse and reducing the use of non renewable sources such 

as coal has been beneficial for the industry as well as the 

economy of our country .keeping sustainable development in 

mind, If all the industries uses cogeneration it will produce a 

large and positive effect in all aspects of growth and 

development of our country. Hence the scope for this kind of 

project is very high and a positive step towards the growth of 

our country.      

IX. FUTURE SCOPE 

 Today in this world of skyrocketing technology, it has 

become very difficult to have a hand on the control knob 

of worlds increasing pollution level every year. 

 Thus keeping a proper balance of present as well as 

sustainable development in mind, we have to take steps 

to reserve our natural resource. 

 This project has tremendous scope in future to avoid or 

at least reduce the use of coal (non- renewable resource) 

in boilers by using the effective concept of cogeneration.  

 The bagasse (renewable source) availability is very high 

in India. Most of it goes in waste. Thus by using it in 

boilers instead of coal is a great idea.  

 We can reserve a lot of renewable source by using such 

alternate energy source if treated properly.  

 Bagasse being cheaper than any other source is most 

economical alternative fuel.  

 This solar dryer has large scope as it can be used to dry 

any of the other material for example chilies, tapioca, 

grains, fruits, bagasse etc.  

 This step towards nature’s conservation and human 

welfare can earn a lot of profit to companies. 

 The quick payback period of the invested principle 

amount can encourage more and more companies to 

accept this concept and get the benefits with a social 

cause. 

 Hybrid use of wind and solar can take this to next level 

enhancing the flow rate. 

 Use of hopper is essential for the actual machine as the 

rate of drying will raise to tons of bagasse per hour. This 
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will keep the input constant which will eventually lead to 

even drying of bagasse. 

 Timer can be used for switching on and off of the blower 

of cyclone which will allow the bagasse to remain in 

contact with the hot air, leading to reduction of even 

more moisture content and increase in calorific value. 

 Suction blower used to pull the bagasse out of the feeder 

chamber can be 6 inch diameter centrifugal blower to 

create enough suction to pull heavy particles .As it 

completely cover the cyclone inlet hence reducing the 

losses. 
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