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ABSTRACT 
The common practices among turmeric growers for turmeric cooking are traditional method 
and scientific method to increase the curcumin content. These methods results in non 
hygienic turmeric, less curcumin content and low energy efficiency. To overcome these 
problems, the present investigation was made to develop a high efficient combustion system 
for cooking of turmeric rhizomes to enhance the curcumin content. The water holding 
capacity of the developed lab scale steam generator is 100 litres in which 80 litres are 
converted to steam. The combustion system consumed 18kg of feed stocks to produce 80 
litres of steam with the pressure of 8 kg cm-2 and temperature of 1000 C which is sufficient 
to cook 100 kg of rhizomes with residence time of 8 min. The developed combustion system 
enhanced the curcumin content of the rhizomes up to 6.9 per cent which is significantly 
higher than fresh / uncooked rhizomes (2.3 per cent). The mass and energy closure 
efficiencies of the system are found to be 91.26 and 91.63 per cent respectively. The energy 
efficiency, thermal output and power ratings of developed combustion system is 18.25 per 
cent, 24363.8 kcal/h and 28.33 kW respectively. The overall combustion system cum steam 
generator energy efficiency is 61.06 per cent. 

Key Words : Turmeric, Curcumin content, Mass and energy balance, Thermal output, 
Power rating 

 
INTRODUCTION 

India is leading with 4,30,000 tonnes of 
turmeric production in the world in the year 
2012-2013. Being a spice cash crop, 
medicinally and industrially important, the 
area under turmeric is increasing day by day. 
In terms of production, Andhra Pradesh 
accounts 60 percent of total turmeric 
production in India followed by Tamil Nadu 
(13 percent), Karnataka and Maharashtra, 
India.1 Curcumin content in turmeric 
rhizomes is considered as major criteria to 
fix their market price. Cooking of turmeric 
rhizomes is an important processing step in 
turmeric, which enhances the curcumin 
content in rhizomes. The common practises 
among turmeric growers for turmeric 
cooking are cooking of the rhizomes in cow 
dung slurry (traditional method) and cooking 
of rhizomes in alkaline solution (scientific 
method). 

Even though these two methods enhance the 
curcumin content for certain level the rhizomes 
cooked using above said methods fetch low 
price in the market. The reason is due to non-
hygienic method of processing which lowers the 
consumer’s preference over the product. Apart 
from non-hygienic practise, these methods have 
many drawbacks such as chance of overcooking 
or undercooking of the rhizomes, inefficient use 
of fuel, laborious, high time consuming process, 
loss of curcumin content during processing of 
rhizomes due to injuries occurred by rubbing 
and bruising. To overcome these problems, 
adopting steaming method of cooking is the 
best alternative, where we can ensure even, 
quick and efficient cooking of rhizomes. Many 
boilers are commissioned in recent years using 
conventional chulha’s to facilitate but their 
efficiency is not up to the mark (only 11.8 per 
cent to 15 per cent efficiency). The biomass use 
pattern as a fuel is also not optimized for these 
boilers. Based on the above requirement, 
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system for turmeric boiling has been selected 
for the research. 

MATERIAL AND METHODS 
System operation of combustion system cum 
steam generator 
Starting procedure  
The system is assembled and checked for 
leakage in the steam generator. The water is 
filled in the reactor through manual hand pump 
or through motor with pump. While starting, 
nearly 0.5kg good quality charcoal was loaded 
into the reactor and ignited. After the charcoal 
become red hot, the feed stock was loaded 
through the hopper from the side of the reactor. It 
is ensured during loading that there are no 
extraneous materials like pieces of stone, sand, 
etc. along with the feedstock as they can melt and 
vitrify in the combustion zone leading to 
blockage of the grate which can produce in 
complete combustion. The flame produced 
during combustion passes through the pipes 
through the steam generator, due to heat 
conduction the water is converted into steam. 
Feeding of fuel is done to ensure the stabilization 
of the flame for continuous operation of the 
reactor. All gate valves should be at closed 
conditions. Temperature and pressure of water 
and steam is noted before starting and at regular 
interval. Once the temperature and pressure 
reached the required level, the steam is released 
into the drum for boiling rhizomes. The time 
period, pressure is varied for the study purposes. 
Shut down procedure 
Before stopping the reactor, feeding of the 
material into the reactor was stopped. The lid is 
opened to dissipate the heat. After the reactor has 
sufficiently cooled, its bottom lid is opened and 
the ash is discharged. The steam from the steam 
generator is removed and the condensate in the 
steam generator also removed. The gate valves in 
the steam generator should be in closed positions 
Optimization studies 
The experimental studies were carried out to 
study the temperature and pressure variations of 
water/steam in the steam generator to quantify 
the biomass required and residence time.  
Curcumin content estimation 
The curcumin content was estimated quant-
itatively followed by the Manjunath method.2 

Study on existing method of turmeric boiling 
In turmeric processing, boiling is the first       
post    harvest   operation to be performed. In the 
traditional method of turmeric boiling, wood and 
agricultural waste as a fuel based conventional 
chulha’s were used. Turmeric mixed with the 
cow dung slurry was boiled in vessels covered 
with gunny cloth under normal pressure. 
In another method3 of turmeric treatment, it was 
placed in the meshed tray in the water carrying 
container, the container was closed with the lid. 
This container is boiled and after the boiling the 
turmeric tray was taken out. The water 
remaining in the container was used for next 
trail. The study on type of fuel used, quantity of 
fuel consumed, water requirement was done for 
both the methods. Thermal efficiency of both 
the methods was calculated by water boiling 
and evaporation test4. 
Mass and energy balance 
Mass and energy balance is a good indicator of 
the system performance. Mass balance takes 
into account the input such as feed stock and 
output such as producer gas, charcoal, ash, bio 
oil etc, to test the accuracy of calculations of 
material flow into and out of the system and is 
indicated by calculating closure. The mass 
balance was calculated for the best operating 
condition and closure was worked out to assess 
the system performance. Energy balance was 
arrived by considering the energy content of the 
feedstock and energy in the output products 
along with heat loss from the system. Mass 
balance study was conducted for one batch of 
combustion unit for producing steam.An energy 
balance equates the energy entering and leaving 
the steam generator laboratory set up.5 
Cost economics 
The economics of boiling furnace is calculated 
and compared with the conventional method 
and scientific method of processing turmeric. 
The cost economics was worked out in all 
methods to cook 100 kg of turmeric with the 
same type of biomass.  

RESULTS AND DISCUSSION 
Complete design details of combustion 
system cum steam generator 
The    whole     system    consists of combustion  
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furnace, steam generator, chimney, turmeric 
container and distribution line and given in the 

Table 1. The picture of combustion system cum 
steam generator is represented in the Fig. 1.  

 
Fig. 1 : Combustion system cum steam generator 

Table 1 : Salient dimensions of combustion system cum steam generator 

S/N Parts Dimensions 

1 

Combustion furnace 
Inner shell Diameter : 400mm, Height : 560 mm 
Outer shell Diameter : 700mm, Height : 560mm 
Air inlet  Diameter 25mm (3 holes) 
Ash removal port Length : 200mm, Width :100mm 
Fire bricks Length : 225mm, Width :113mm, Thickness :200mm 

2 Steam generator Diameter : 400mm,  Height :500mm, Thickness : 8mm 
No of tubes:18, Diameter: 500mm, Length: 500mm 

3 Chimney Radius :180mm, Height : 2000mm 
4 Turmeric container Diameter :670mm, Height : 880mm 

5 Distribution line pipe 
Diameter : 20 mm, Thickness: 8mm,  
 Insulation: Asbestos rope  

Optimization details 
Quantity of various feed stocks and time 
required to generate steam 
Table 2 shows the quantity of various feed 
stocks and time required to generate steam 
continuously once the filled water is converted 
into steam. The water is fed into the water 
through hand pump or electrical pump. During 
second   feeding   of   water,  due  to  difficulty in  

filling the water instead of hand pump, electric 
pump is used.  
Variations in temperature and pressure 
with time to generate steam 
The pressure and temperature increase with the 
time during combustion of biomass in the 
combustion system is studied with the variations 
in biomass and water feeding in the steam 
generator. 
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Table 2 : Quantity of various feed stocks and time required to generate steam 

Feed material 
Tapioca 

stalk 
Coconut 

husk 
Wood 
chips Briquettes Prosofis 

juliflora 
I II I II I II I II I II 

Amount of water taken, kg 100 200 100 200 100 200 100 200 100 200 
Amount of steam 
generated, kg 78 172 82 173 85 168 92 185 90 182 
Amount of fuel 
consumed, kg 14 22 15.5 28 9 15 8.5 14 7.5 12 
Ash left, kg 0.2 0.35 0.15 0.028 0.1 0.22 0.15 0.1 0.05 0.12 
Time required, min 28 50 26 48 24 46 18 42 18 46 

From Fig. 2 and Fig. 3, it is inferred that 
temperature and pressure of water/steam content 
in the steam generator shows a linear increment, 
which shows the heat transfer from the 
combustion unit to steam generator is perfect. 
In Fig. 4 and Fig. 5, it is inferred that water of 
the second feeding is increased; it saves time to 
increase  the   pressure   from  0  to 3 kg/cm2 and  

temperature 28 to 38˚C. The graph also shows 
that the linear increase till 130 kg/cm2 and       
105 ˚C. 
Curcumin content 
The curcumin content of raw, boiled and dried 
turmeric rhizomes are estimated using the 
procedure.3 The curcumin content of the 
rhizomes are given in the Table 3. 

 
Fig. 2 : Pressure vs time 

 
Fig. 3 : Temperature vs time 
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Fig. 4 : Pressure vs time in continuous feed 

 
Fig. 5 : Temperature vs time in continuous feed

Table 3 : Curcumin content in the rhizomes 

Nature of turmeric rhizomes Curcumin content, percent 
Raw 2.3 

Boiled 6.2 
Dried 5.9 

The curcumin content increased double the time 
in boiled and dried rhizomes compared with the 
raw rhizomes. The curcumin content after boiling 
and dried is found to more than 5 per cent which 
is the standard limit for curcumin content of 
rhizomes fixed by the Indian spices board.6  
Design 
Volume of boiler and combustion chamber 
The boiler and combustion chamber design by 
using the following steps and for the desired 
capacity of boiler.7 The picture of the developed 
system is represented in the Fig 6.  
Volume of the steam generator=1000 kg               
(Desired  capacity) 
Energy needed to convert V kg of water into 
steam = E, kcal 

To raise water temperature to boiling point, we 
will need, 
H1=mass x Specific heat of water x (100 – T1) = 
1000 x 4.18 x (100-25)=315500kJ=315.5 MJ 
H2=mass x Specific heat of steam x (T2 -100) 
=1000 x 1.996 x (250-100)=299400kJ=299.4 MJ 
Total heat, (TH) = H1 + H2=614.9 MJ 
To steam this water, we will need : 
Steam, S=mass x Heat of vapourization =1000 
x 540 cal= 2259,360,000 J= 2259 MJ 
Total energy needed to steam x kg of water 
E=TH + S = 2873.9 MJ    3000 MJ     
Assume the minimal value of calorific value (m) 
of biomass fuel as 15 MJ/kg, 
Quantity of feed material needed= Te/m  = 
3000/15 = 200 kg 
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Volume of combustion material =Q/ρ,m3= 
200/100 = 2 m3 
Area of combustion chamber (square or 
rectangle)= Ac = l x w  
l – Length of the chamber= 0.8m 
w – Width of the chamber= 0.6m 
Air requirement for combustion of feed 
materials 
The air requirement of combustion of feed 
materials was calculated for the air vent design of 
the combustion chamber.8-14 The average 
composition of carbon, hydrogen, oxygen and 
sulphur of selected biomass are 52, 5, 42 and 0 
respectively. Oxygen per kg of fuel for complete  
 
 

combustion=(1/100) x {(8C/3) + 8[H – O/8] + S}  
= (1/100) x {(8x52/3) + 8[5 – 42/8] + 0} = 1.3667 kg 
kg of air required per kg of fuel for complete 
combustion 
W= {(1/100) x ((8C/3) + 8[H – O/8] + S)} x (100/23) 
=1.3667 x (100/23) = 5.94 kg of air in 
atmosphere. 
Excess air required We= W x (10/100)= 4.6 x 0.10m3 
Air required, Ax = 4.6 + 0.46≈5m3 volume of air 
required = 5 x (100/21) = 24.09 m3 of air is 
required from atm. 
The air vent designed with 70 holes totally of 3 
cm diameter on three sides of combustion 
chamber. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 : Developed system of boiler and combustion chamber 

Energy efficiency 
The boiler furnace efficiency (52.04 per cent) 
was found to less when compared with lab scale 
combustion system cum steam generator effici-
ency (61.06 per cent). But it is reasonable since 
the capacity of boiler furnace is ten times larger 
than the lab scale steam generator (Table 4). 
Mass and energy closure 
The mass closure was found to be 91.26            
and  remaining accounts for tar content and water 
produced during combustion as no measurement 
method available to observe them. The energy  

closure for the combustion furnace cum steam 
generator was found to be 91.63 per cent because 
of loss of energy through chimney, energy loss 
due to radiation and convection and other 
unaccounted loss.  
Cost economics 
From Table 5, it is clear that the developed 
combustion system cum steam generator saves 
58.1 per cent and 53.8 per cent of cost for boiling 
100 kg of turmeric rhizomes when compared 
with the conventional and scientific methods 
respectively.  
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Table 4 : Energy efficiency different turmeric boiling methods 

Type of system Efficiency (per cent) 
Conventional method 8.90 
Scientific method 9.26 
Developed combustion system 18.25 

Table 5 : Comparison of cost for boiling 100 kg of turmeric 

Type of system 

Fuel consumption Labour requirement 
Total cost, 

/100 kg. Quantity, kg Cost, . No. of 
labours Cost, . 

Designed system 20 140 1 120 360 
Conventional method 90 630 2 240 870 
Scientific method 60 420 3 360 780 

CONCLUSION 
In the present study, a high efficiency 
combustion system for steam generation is 
designed and developed. The performance of the 
developed system is evaluated by cooking 
turmeric rhizomes using various feed stocks viz. 
tapioca stalk, wood chips, coconut husk, Prosofis 
juliflora and briquettes for combustion system. 
The water holding capacity of steam generator is 
100 litres, in which 80 litres of water is converted 
into steam by consuming about 18kg of biomass 
feed stocks.  
The steam generated in the system exerts at a 
pressure of 8 kg/cm2 and temperature of 100˚C 
which is sufficient to cook 100 kg of rhizomes 
with residence time of 8 min. Significant increase 
in curcumin content is observed in the turmeric 
rhizomes (6.9 per cent) cooked in this 
combustion system  which is  3 times higher than  
the fresh rhizomes. The mass and energy closure 
efficiencies of the system are found to be 91.26 
and 91.63 per cent respectively. The energy 
efficiency of developed combustion system is 
nearly doubled as that obtained with traditional 
methods. The overall efficiency combustion 
system cum steam generator system is 61.06 per 
cent, which is reasonable for any system without 
insulation and economizer. In terms of cost 
economics, the developed system is 58.1 and 
53.8 per cent efficient over conventional and 
scientific methods of boiling turmeric rhizomes. 
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