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Preservation of Perishable Agricultural Food Produces Using a      
Solar Food Dryer 

Abstract 

In rural India the major population is into Agriculture, which forms 
a great part of the country's economy. The harvest produced has to 
be dried for further processing or preserving. The current methods 
for drying are inefficient and time consuming. We focused on un-
derstanding the types of available perishable food produces, quan-
tum of perishable food to be preserved, currently employed meth-
ods, time taken for drying, wastage due to existing methods, and so 
on. We then interviewed stakeholders and collected data and devel-
oped a prototype of a solar food dryer and tested it for reduction in 
drying time and prevention of wastage. It is a portable and very 
cheap device which can be scaled for larger purpose. It can also be 
used as a solar cooker for boiling rice or dal (pulses). 
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Harvest Drying in rural  
India 
    
  In rural areas, most of the population is 
involved in agriculture. In Himalayan vil-
lages crops are grown to suffice a full 
season (due to its unpredictable weather 
conditions) and also to be exported, 
which adds to the major occupation of 
the people here. The crops grown here, 
specially some fruit which are exported 
out of the country and also to many Indi-
an states, need to be kept fresh for their 
usage and this calls for proper preserva-
tion methods. So the harvest needs to be 
preserved in one or the other way. This 
calls for proper drying techniques which 
is the first step for preservation. When 
the harvest is cut, it is dried both before 
and after threshing which tells us the im-
portance of using proper drying tech-
niques.  
     Our project focused on understanding 
the types of available perishable cash 
crops grown, quantity of perishable food 
to be dried, currently used techniques for 
drying and the amount of crops wasted if 
they are not dried properly. Basically we 
will study the methods used for drying 
the crops and try to develop a prototype 
that efficiently and quickly dries the har-
vest to be preserved using solar energy, 

called a Solar Food Dryer. 
     The main aim of our project was to 
find the most efficient way of post-
harvest crop drying method and in order 
to achieve that make an efficient food 
dryer using solar energy, which is cheap 
and affordable and that can be used for 
preservation of crops that used to be 
wasted or couldn't be grown due to ineffi-
cient preservation techniques. This de-
vice sis portable and can also be used as a 
solar oven. 

 
Figure 1: Open Sun Drying (google images)  

 
     Currently most farmers use open sun 
drying method. It is highly inefficient, 
specially in the Himalayas where the 
weather is very unpredictable and wild 
animals destroy the harvest if kept in 
open. Our goal is to provide something 
more efficient and cheap so that this ben-

efits farmers. 
     In order to be successful in our re-
search we followed a methodology con-
sisting of some objectives- (1) enquired 
about cash crops grown, and their selling 
and storing percentage, 
(2) asked about current drying and 
preservation techniques and crop wastage 
due to poor drying, (3) construction of a 
prototype according to the needs,(4) field 
testing of the prototype. 
     We focused on the need and usage of 
the dryer in this region and also people 
come up with a response of a community 
dryer rather than an individual thing. Var-
ious crops could be dried in it and also 
rice was cooked in it; this was compara-
ble to pressure cooker cooking. 
Available Food Drying 
Techniques 
      
Food preservation has become an im-
portant topic of research from the last 
decades. With the increasing world popu-
lation along with advanced agricultural 
techniques, the preservation of agricultur-
al outcomes has also become important. 
In countries like India with a population 
of around 1.25 billion, efficient food 
preservation techniques can be a boon for 
the farmers as well as for the economy of 
the country.  
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Increasing population has created the 
need for increasing the efficiency of post-
harvest food processing in India. Present-
ly a number of solar dryers and concen-
trators being used to preserve food prod-
ucts. To prevent spoilage of food for long 
duration, dehydration is the most im-
portant and preliminary step. High tem-
perature increases efficiency of dehydra-
tion but it also changes in the physical 
and chemical properties of food, such as 
loss of nutrients and colour. The total ex-
pense of dehydration is about 30% of to-
tal cost of processing food. 
     In this project the prime focus is on 
finding alternative of traditional food 
preservation techniques used in Himachal 
Pradesh. Presently, Himachal Pradesh 
comprises of 12 districts having an area 
of 55,673 sq. km. and a population of 
68,64,602. The total cropped area in Hi-
machal Pradesh is 9,38,625 Hectare out 
of which  2,24352 Hectares are used for 
the production of Horticulture and related 
activities by the stakeholders. 
(Source:http://admis.hp.nic.in/himachal/
economics/REPORTS/
HPinFigures_2015_16.pdf).  Also ac-
cording to the survey conducted by Eco-
nomics and Statics department of Gov-
ernment of Himachal Pradesh, “The 

economy of Himachal Pradesh is pre-
dominantly dependent upon agriculture 
with about 14.42 percent of state income 
been contributed by agriculture sector 
alone.” Due to lack of Industries, the ma-
jority of population in rural areas is de-
pendent on agriculture for its income but 
due to hilly terrain and dynamic weather 
conditions, the transportation of these ag-
ricultural produces from distant places is 
not that much feasible as compared to 
plains hence, there is a need for preserva-
tion of these produces. 
 

Traditional Food Drying And 
Preservation Techniques 
• Direct sun drying 
• Cooling and Freezing 
• Salting 
• Pickling 
• Fermentation 
 
Modern Food Drying Techniques 
      
      With the advancement in technology, 

traditional direct solar drying method 
has been replaced by modern solar 
dryers [Figure 2], which are fast and 
more efficient. [Table 1] gives an 

overview of advantages and disad-
vantages of using traditional open sun 
drying method and modern day solar 
dryers. Solar dryers can be classified 
broadly in two different categories as 
active and passive solar dryers which 
are further modified according to the 
climatic, geographical conditions of 
the region. 

 

 

 

 

 

 

1) Active Solar Dryers In Active solar 
dryers, external means such as fans, 
pumps are required to move the heated 
air from collector area to the drying 
chamber. They are also known as forced 
convection dryer.This kind of dryers are 
faster than passive dryers due to in-
creased rate of heating by external 
means. 
2) Passive Solar Dryers In the passive 
solar dryers no external sources are used 
to drive air into the drying chamber. In 
these kind of dryers either the sunrays are 
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used directly or indirectly to dry the food 
items placed in drying chamber.  
 
3) Mixed Mode Solar Dryers Mixed 
mode solar dryer is common for both ac-
tive and passive solar dryers. In this type, 
the heated air from the separate solar col-
lector 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. 
 
Inferences From Available Meth-
ods  
     The various types and designs of solar 
dryers were reviewed with the purpose of 
finding the dryers with suitable for differ-
ent conditions along with their ad-
vantages, drawbacks and performance 
evaluation and we found that the perfor-
mance of solar dryers depend on the food 
products to be dried. It varies according 
to the food products placed in the drying 
chamber. Also no single method or dryer 
is suitable for all conditions as the perfor-
mance of solar dryers varies due to dif-
ferent factors like climatic, geographical 
conditions. Although a lot of research has 

been done in the field of solar drying 
across worldwide but still there is scope 
of improving efficiencies of different 
methods as well as providing a broad 
model which can be used for most of the 
situations. 
Methodology: Fieldwork 
and Prototype Develop-
ment 
     Our aim is to develop an efficient and 
cheap dryer for drying the harvest. In the 
below    figure 3 we summarize our ob-
jectives. 

 

Figure 3:  Objectives 

 
 
   

Method Advantages Disadvantages 

Open Sun Drying 1) Capacity of drying at a 
time is more. 
2) Simplest and cheapest 
method. 
3) No skilled person is re-
quired. 

1) It is dependent on the 
weather condition. 
2) Poor in quality as a result 
of grit and dirt. 
3) Loss of nutritional value 
UV radiation can damage 
food. 

Solar Dryer 1) Running cost is low, once 
set up. 
2) It shortens the drying pe-
riod. 
3) Offer protection from 
rain, debris etc Can be oper-
ated at high temperature. 

1) Lower capacity compared 
to open drying system. 
2) Drying is possible only 
on sunny days. 
3) Dependent on the ambi-
ent climatic conditions. 

Table 1: Comparison between open sun drying and modern sun 
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3.1: Inquiry about various cash 
crops grown, their selling and stor-
ing percentage 
     We identified 4 villages- Neri, Navlay, 
Kataula and Sandoa for our survey and in 
which we interviewed 30 farmers in total. 
We interviewed them about the kind of 
cash crops they grow, what quantity they 
store and what do they sell. The medium 
of interview was Hindi. Photographs and 
videos/audios were recorded of the farm-
ers. Somewhere individual farmers were 
interviewed and somewhere a group of 
them were interviewed. 
 
 
 
 
 
 
 
 
 
 

Figure 4: Interviewing a farmer in Neri(Arpit,2017) 
 
 
 
 
 

 

3.2:Current drying and preservation 
techniques and crop wastage due to 
poor drying 

    We also inquired about the methods 
which they use for drying the harvest 
both before and after threshing. All of 
them used open sun drying technique 
which they said was quite inefficient and 
time consuming. Also we inquired about 
the quantity of major harvest wasted due 
to open sun drying. Wastage reasons were 
also noted down. 
 
3.3: Construction of the prototype 

     From the information that was gath-
ered and analyzed we came up with a de-
sign in order to dry the crops more effi-
ciently and quickly. To test our design we 
performed an experiment, we kept the 
dryer in sunlight and calculated the input 
heat that we are getting by using thermo-
couples(for temperature data) and pyra-
nometer (for intensity data). But the input 
heat that we were getting was less due to 
conduction losses, poor reflection from 
walls, less heat absorbed on base. To 
counter these problems we modified our 
design for better heat input. Then we test-
ed the design 2 and heat input was in-
creased. After getting the heat input we 
conducted an experiment to get the time 

required for drying wheat. To broaden the 
use of our prototype we conducted an ex-
periment to cook rice inside the dryer.  
 
3.4: Field testing of the food dryer 

     From the surveys and interviews we 
gathered the information that wheat and 
maize are the major cash crops in the 
nearby regions. March-April is the har-
vesting season of wheat. So to test our 
prototype we kept 330g of wheat having 
13% (42.3g) of moisture in the dryer and 
calculated the time of removing all the 
moisture from the wheat. Then we com-
pared the theoretical time (from the heat 
calculation) and the experimental time 
(by drying wheat in the dryer) to check 
the error in our dryer and the efficiency 
of our dryer by comparing it with the 
time taken in open sun drying. 

Figure 5: Interviewing a group of farmers in Kataula
(Arpit,2017) 
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Results and Discussions 
     The fieldwork interviews were con-
ducted and the data collected was ana-
lyzed. What we could imagine as the 
problems that might be faced by farmers 
were more or less confirmed by the data 
from the interviews. The data collected is 
presented as follows objective wise.   
 
 Objective 1: Inquire about various cash 
crops grown, their selling and storing 
percentage 

     We visited 4 villages and 30 farmers 
were interviewed in total. All the farmers 
were men. 

      Figure 6:  Percentage of farmers vs crops grown 

 

Figure 6 shows the percentage of farmers 
growing particular kind of crop. From 
here we inferred that Wheat and Maize 
are crops which every farmer grows fol-
lowed by garlic, pulses and barley.  
 
For further classification we divide the 
crops into Kharif (Summer) and Rabi 
(Winter) season. We see from the figure 7 
that Maize is the major crop in Kharif 
season and followed by Arbi.  Figure 8 
shows that in the Rabi season Wheat is  
the major crop followed by garlic. Garlic 
is also the most expensive crop sold in 
these areas, and so drying of it was done 
carefully. 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 :  Percentage of different crops grown in Kharif 

Season   

 

 

 

 

 

 

 

 

 

Figure 8:  Percentage of different crops grown in Rabi 
Season   

Objective 2: Current drying and preser-
vation techniques and crop wastage due 
to poor drying 

     After studying the types of crops and 
the percentage of distribution we found 
out the time taken for each crop to be 
dried. The time taken is only before 
threshing which is taken for drying.  The 
figure 9 shows it. For the major crops we 
found that Wheat takes 7-8 days and 
Maize takes 17-18 days to be dried. Rice 
and barley takes 4 days but they are not 
of that large quantity in produce. Next we 
inquired about the wastage of crops due 
to drying. The data was available for only 
wheat and maize as they were the major 
crops. Figure 10 tells about the percent-
age of wheat wasted only in the drying 
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 phase. Similarly figure 11 tells about the 
percentage of maize wasted only in the 
drying phase. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10 :  Percentage of Wheat Wasted 

Figure 11 :  Percentage of Maize Wasted 

 

 

When we asked about the reasons for this 
wastage the farmers only gave 2 reasons: 
(1) moisture due to rain and (2) attack by 
wild animals (monkeys). They said that 
every day laying down and collecting the 
harvest for drying is inefficient job. 
When we inquired about whether they 
are interested in such a thing/device 
called a Solar Dryer, only 3 out of 10 re-
sponded in favor for a personal use. 
 
Objective 3: Construction of the proto-
type  

     After the field data we got our tech-
nical skills into play and constructed a 
prototype using heat and solar properties. 
Version 2 was the final version in which 
the material is metal (Gi) sheet in which 
the inside walls are covered with alumi-
num foils. The base of area 2500 cm2 is 
painted black which is non-reflective. 
The below surface is covered with fibre 
glass to less loss of heat.  
     To test our prototype we conducted 
one experiment where we calculated the 
amount of heat (solar energy) received by 
the dryer on a fine sunny day. This also 
gives us the temperature distribution at-
tained by the dryer. 
     The figure 12 shows the experimental 
setup  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12:  Experiment heat setup-(a) The 
placement of the components.(b)Measurement 

of parameters(Maeghel,2017) 

Page 41 

 



 

 Page 42 

We started our first experiment at 10:30 
IST in the morning and completed at 
17:30 IST in the evening. We divided the 
base of the dryer into a 9 cell grid and 
noted temperature of each cell , tempera-
ture attained by the big and small vessel 
placed inside the dryer as shown in figure 
13 by thermocouples. We measured the 
sun intensity (maximum intensity at a 
particular time) and also the intensity re-
ceived by dryer at the same time shown 
in figure 14.  So from these intensity data 
we can calculate the average heat input to 
the dryer from 10:30 IST in the morning 
to 17:30 IST in the evening. 
 
Heat of solar energy which is intensi-
ty*time*area of base. 
 
area of base= 2500 cm2=0.25 m2. 
 
Efficiency of collection of solar radia-
tion  (efficiency of dryer, absorptivity)
=15% (Generally assumed for these dry-
ers) 
 
Time= 3600*7=25200 sec(duration of 
experiment) 
intensity(average)= 855.42 W/m2  
 
Heat by solar energy= 5.389 X 106 X 
0.15=0.808 X 106 Joules. 
 

 
 
Theoretical time calculated from this 
heat= 1 hour 11 minutes. 
 
 
 
 
 
 
 
 
 
 

Figure 13 :  Intensity vs Time Graph  

 

 

 

 

 

 

 

 

 

Figure 14:  Vessel Temperature vs Time Graph 

Table 2:  Experiment 1(heat calculation) Data 
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So the above calculated heat is the heat 
received by the dryer. Next we conducted 
an experiment in which the dryer was 
made into a solar cooker or oven. We 
took 200g of rice and poured water and 
set the vessel out in the dryer. The rice 
were ready in 5 hours. The before and af-
ter photos of the rice experiment are 
shown below (figure 15). 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 15:  Rice Experiment-(a) initial setup 
(b) final cooked rice (Sachin,2017) 

 

Objective 4: Field testing of the 
food dryer 
     The time for drying was calculated by 
an experiment (figure 16) taking 330g of 
harvest of wheat which has 13% moisture 
(42.9 g) and kept in the dryer at 12:30 pm 
IST and was approximately dried after 3 
hours (3:30 pm IST). Theoretically we 
find it to be 1 hour 11 min. 
     This time is more than the theoretical 
time calculated from the heat calculation. 
For some crops time for drying is given 
in the following table 3. This is the theo-
retical time given not the experimental 
one. 
 
       
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 16: Harvest experiment for time calculation: (a) 
Before 12:30pm (b) After 3:30pm 

 

Table 3:  Moisture content and Time required to Dry for some Major Crops 
(Theoretical) 

Page 43 

 



 

 Page 44 

Discussion 
     The above data and experiments really 
showed us the difference between theo-
retical and practical analyses. The inter-
actions with the farmers showed us that 
open sun drying has some problems. As 
they are small scale farmers so even a 
small wastage of their produce harms 
them in a large way.  Still only 3/10 farm-
ers showed interest in the dryer. The 
question is why ? 
     Basically these farmers are rigid in 
terms of their agricultural practices and 
don't favor change. Some feel the device 
would add an extra expense, however 
small it may be. But some showed inter-
est in a community dryer. The heat calcu-
lation experiment showed the time that 
the dryer would take if no losses and per-
fect condition is taken into account. But 
the harvest experiment showed the result 
with the non-idealities included. There 
was a time difference of 1 hour 49 min 
between the real and ideal values. This 
could be because of the conduction loss-
es, weather changes, fluctuation of inten-
sity etc. But the dryer was still able to re-
duce the time and increase efficiency of 
drying compared to the open sun drying. 
It is also safe from animals because of 
the temperature the dryer rises to will 
harm the animals. So it can be bought as 

a community owned asset after scaling it 
to a marketable use. Also farmers using 
the food dryer would not have to worry 
about the harvest time and again, but col-
lect it only after drying. 
     The other use of the dryer was dis-
played by the rice experiment which 
showed that it can also be used as an al-
ternative cooking source. The rice was 
tasty and can be compared to the ones 
cooked in a kitchen.  
     The dryer still has some shortcomings. 
It can be made more efficient by reducing 
the losses and by making it equivalent to 
the time we got theoretically. It can be 
done by making the dryer rotatable de-
pending on the movement of the sun 
path. Also it can have a proper ventilation 
system for drying the contents fast. 
     The overall prototype is satisfactory as 
conveyed by the experimental results. 
The real picture however will be given by 
the end users or the farmers. The shift 
from open sun drying to use of a device 
will surely benefit them economically, 
but only after the prototype has been im-
proved further as recommended. 
 
Conclusion 
Although today a variety of solar dryers 
have been developed worldwide to dry 
different food produces but the main 

problem lies with their availability and 
costs due to which most farmers prefer 
traditional open sun drying technique to 
dry their crops instead of modern sun 
dryers. Our project focused on solving 
the major issues faced by local farmers 
during open sun drying in Himachal Pra-
desh which were destruction of crops due 
to bad weather conditions like rain, storm 
etc. and factors like monkeys, cows etc. 
While making the prototype we kept the 
cost factor in mind and tried to present 
cost efficient solution for these problems. 
The other issue that we found while inter-
viewing the locals was the time taken for 
drying the two major crops grown in the 
region: wheat and maize. The dryer was 
made to reduce the time taken for drying 
as much as possible along with keeping 
in mind the other problems. While work-
ing on the basic prototype, by making 
some modifications we found that the so-
lar dryer could also be used to cook rice 
and pulses so, the dryer can also be used 
as a solar cooker. 
While making the prototype we tried to 
eliminate most of the major problems 
faced by the local farmers and present a 
practical solution as much as possible but 
there can be further improvements. In the 
future models of the prototype, there will 
always be a scope of increasing the effi-
ciency of the dryer and reduce the cost 
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further this means that the future models 
can further decrease the time taken for 
drying keeping the cost factor in mind. 
 
Project Outcomes 
The project led us to make a prototype 
which can be used to solve major prob-
lems faced by the local farmers of Hima-
chal Pradesh while drying their crops af-
ter harvesting. We made our prototype 
using metal sheets in order to make it 
cheap, light weight and foldable. In our 
first prototype we designed the angles of 
the walls in such a way that maximum 
heat can be received from the sun irre-
spective of the sun location. But the heat 
input we received in our first prototype 
was less because of poor reflection from 
walls due to metal sheet surface and less 
absorption of heat on base. In our version 
2 of prototype (figure 17) we painted the 
base of dryer black in order to absorb 
more heat and covered the walls of the 
dryer with aluminum foil for better re-
flection of sunlight in the middle of the 
dryer.  These two modifications increased 
the input heat and the efficiency of our 
dryer. To minimize heat loses from the 
dryer we also covered the base with the 
fibre glass so that minimum heat is lost 
from the base. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 Figure 17 :  CAD design of version 2 

 

This prototype is able to protect the crops 
from bad weather conditions as well as 
factors like monkeys, cows etc. due to 
which every year a large portion of crops 
was getting damaged. The project is fully 
cost efficient so that a local farmer can 
afford to buy it and once set up it requires 
no additional cost to run or maintain it. 
The number of days taken for drying are 
significantly reduced by using the solar 
dryer instead of using open sun drying 
technique. 
 
Recommendations For Farmers 

Every year farmers has to suffer a great 
loss while drying the harvested crops due 
to a number of factors but still solar dryer 
is not that much popular among Indian 
farmers. The reasons for this unpopulari-
ty can be anything but still we tried to 
make a prototype which can be according 
to the needs of farmers. The various fac-
tors like cost, efficiency, durability etc. 
are completely taken care of, and the so-
lution provided is feasible according to 
most of the needs of farmers. This is  
why we recommend farmers to use this 
product instead of traditional open sun 
drying technique. 
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Recommendations For Future 
Researchers Of Solar Dryer 
Future researchers are recommended to 
work on the prototype keeping efficiency 
in mind. This is because whereas other 
factors like cost, durability were taken 
care of by us while making the product, 
there is always scope for increasing the 
efficiency in these kind of dryers. By in-
creasing efficiency we mean decreasing 
the time taken for drying the crops and 
increasing the amount of crops that can 
be dried at any particular time. Also addi-
tional means like fans, pumps can also be 
installed in the dryer to increase the rate 
of drying but the cost factor should also 
be kept in mind. Also the base of the dry-
er can be made automatically rotatable in 
order to track the movement of sun so 
that at any instant our dryer will receive 
the maximum intensity of the sun. 
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