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Abstract - The present crisis of fossil fuel shortages for 

producing thermal energy is creating increasing emphasis 

on the use of solar energy. Solar energy is freely available 

and is abundant in India for most of the year, it is non-

polluting and inexhaustible. Here is a project for industrial 

use and that is “Utilization of Solar Energy for drying 

paddy in a par boiled rice mill.”  In this project load on 

Steam Boiler has been reduced by using Flat Plate Solar 

Air Heater. The solar air heater which increases the air 

temperature used for paddy drying by about 35 
0
 C more 

than ambient air temperature. A solar dryer uses a solar 

energy collector for heating the air. A flat plate solar 

collector can be used to dry agricultural produce efficiently 

and economically during sunny as well as overcast periods. 

It works with solar energy which has no operational cost 

and does not produce pollution. It will also contribute for 

the reduction of CO2 emissions and hence reducing global 

warming.  

INTRODUCTION 

Existing process of paddy drying in a par boiled rice 

mill- 

Function of Par Boiled Rice mill is to produce par boiled 

rice from harvested paddy .The steps of conversion from 

harvested paddy to par boiled rice are -: 

Soaking of paddy, drying of paddy & milling of dried paddy 

for par boiled rice production in a milling machine.  

For soaking and drying, steam is used which is generated in 

a fire tube boiler using paddy husk as fuel. In paddy rice  

mill number of equipments are installed for the production 

of par boiled rice such as Handa , Elevator , Drier , Heat 

exchanger , Blower , Boiler , Water softening unit , Water 

storage tank , recycled hot water storage tank , feed pump , 

water make up line , and accessories . 

 

 
Fig-Line diagram of existing paddy drying system 

 

Modification Proposed 

For the modification in Par boiled rice mill and 

implementation of Flat plate solar air heater the following 

data has been collected ,   

 

Latitude and Longitude of the site    21 
0 
13’ 0 / 81 

0 
25’ E  

Likely turn over of the company  = 2 crores, 

Annual capacity    = 10000 tonnes  

Number of drier used for drying purpose  = 2 

Capacity of blower     

 = 24000 m
3
/hr  

Capacity of drier    = 24 tonnes in 8 hrs   

Temperature of hot air used in drier  = 60 
0 
C . 

Total hour of drier used per year  = about 1600 hour. 

 The horse power of blower   = 7.5 HP. 
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Water used for steam production  = Soft  

Quantity of water to be heated per day = 9000 liter.  

Steam type used        = dry. 

Pressure of steam supplied for heat exchanger = 6 Kg/cm
2
  

Temperature of steam                   = between 160 to 168
0
C.  

The working hours of mill           = 8 hr per day. 

The initial temperature inlet water  = 30
0
C. 

The final temperature of water required for  = 80
0
C 

Paddy soaking is in Handa.  

Soaking time of paddy  = 6 to 8 hr.  

A Husk Pac steam boiler model HP-20 B of capacity 250 
0
c 

temp and 10 Kg/cm
2
 pressure, Paddy husk is used as fuel , 

the quantity of fuel used is 2 tonnes per day.  

 

In existing system the ambient air is sucked by a blower and 

thrown to the heat exchanger , where the air is heated up to 

the required temp for paddy drying . The main aim of this 

project is, to supply air for heat exchanger through blower 

with higher temperature than ambient air temperature which 

can be achieved by installing a flat plate solar air heater 

(FPC) which can be connected with the suction line of the 

blower.  By installing a flat plate solar air heater with the 

existing system the suction air temperature can be increased 

by approximately 35
0
 C. The schematic diagram below 

shows the modification done in existing process. 

 

Fig-Layout Plan of Par Boiled Rice Mill after modification 

After the calculation it has been found that to increase air 

temp. outlet 70.8 
0
 C from ambient temp 35 

0 
C and for air 

flow rate 400kg/hr , 8 sqm flat plate collector is required , 

so for 24000 kg/hr air flow rate the area of the flat plate 

required , will be 480 sqm    

The flat plate solar air heater of size 480 sqm can be 

installed on the roof of the mill . 

 

The installation cost and the pay back period of the solar 

flat plate air heater which is proposed in this project is as 

follows -:   

 

Cp (Specific heat) of air from 0 to 60 
0 
C is 1.005 kj/kg 

0
 K 

and from  

70 -120
0
C 1.009 kj/kg- k , so let us consider an average Cp 

= 1.007 kj/kg-k . 

 

Energy saving by increasing temp through FPC (Solar air 

heater) up to 35
0
 C of 24000 kg air will be  

 

= m x Cp x del T  

= 24000 x 35 x 1.007  

= 845880 kj  / hr  

= 845880 / 4.187  

= 202025.32 kcal   (4.187 J = 1 cal ) 

 

Calorific value  of paddy husk  3000 kcal / kg and let us 

consider the thermal efficiency of boiler is 40% , then 

saving of husk per hr will be , 

202025.32 / 3000 x 0.4 = 168 kg 

 

So saving of paddy husk per day will be 8 x 168 = 1346.8 

kg (as the working hrs of the mill is 8 hr)  

Note – The saving of paddy husk 1348.8 kg for the summer 

when the global solar radiation is very high. For the whole 

year the average solar radiation will be less. So, here we 

consider 33% of summer season’s husk saving. 

Amount saving per day @ Rs 1.20 / kg of paddy husk will 

be 

= 1.2 x 1346.8 kg x 0.33 = Rs 533.33 per day  

If working day of mill in a year is considered to be 200 days 

then the total annual saving will be 533.33  x 200 = Rs 

1,06,666.56 /- . 

 

The cost of flat plate solar air heater is Rs 1500 / m
2
 area  of 

dia coordinated research project on renewable source of 

energy for agriculture and agro based industries) . 

So the installation cost of FPC 480 m
2
 FPC will be 480 x 

1500 = Rs 7.2 lakhs. 

 

So capital investment is 7.2 lakhs  

Govt subsidy @ 35% = 2.52 lakhs  

So net amount required = 4.68 lakhs 

Pay back period = net capital required / annual saving 

                        = 468000/ 106666 = 4.38 years  

                         ( say 4 years & 5 months ) 
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SUMMARY & CONCLUSION 

It is found from the result out come calculation that the 

saving of paddy husk per day is about 500 kg .Though the 

CO2 emission is not directly controlled by reducing the use 

of paddy husk as a fuel in a boiled rice mill because it is a 

natural carbon cycle of earth, but indirectly we can reduce 

the CO2
 
emission by using the paddy husk as fuel in place 

of coal where burning is required round the clock, like 

thermal power plant, brick manufacturing, industrial boiler 

etc. So in thermal power plant, brick manufacturing, 

industrial boiler or this type of industry where coal is used 

as fuel can be   replaced by paddy husk as a fuel. As the 

calorific value of coal is 4500 kcal / kg and the calorific 

value of paddy husk is about 2300 kcal / kg , so one kg of 

coal can be replaced by two kg of husk for power 

generation in power plant . By burning of one kg of coal 1.6 

Kg of CO2 is produced and as in this project 500 kg of 

paddy husk is saved per day which is equivalent to 250 kg 

of coal so CO2 reduction per day will be 1.6 x 250 = 400 kg. 

By the implementation of flat plate solar air heater in Rani 

Sati Agro Pvt. Ltd .  

As there are about 500 par boiled rice mill in Chhattisgarh 

so 400 x 500 = 20,0000 kg of CO2  emission can be reduced  

By this way we can reduce the CO2 emission and contribute 

to control the global warming. 

 Secondly we can reduce the operational cost of par 

boiled rice mill by Rs 533.33 /- per day by installing the 

solar system which will be a direct benefit to the owner of 

par rice mill. Solar equipment costs are generally high, 

relative to fossil fuel equipment costs, but operating costs 

are much lower. The variability of solar energy also limits 

its usefulness. However, as fossil fuel supplies dwindle and 

costs continue to rise, solar energy should become 

economically feasible for many applications. 
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