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Al~traet---Conservation of biofuels is an urgent need of the present hour for reducing pressure on the 
natural forest resources and meeting the alternative requirements. In the present investigation a traditional 
biomass stove, presently used by 120 million households in India, and the Sugam-II stove, developed and 
dessiminated by TBU, liT Delhi, were used for observing fuel utilization efficiency. Acacia nilotica wood, 
dung cake and agro-waste (mustard twigs) were used at a feeding rate of 16.70-33.30g/min and 
12.~-33.30 g/rain for the two stoves, respectively. The water boiling and evaporation test was used for 
the performance determination of both stoves. The maximum thermal efficiency of the traditional and 
Sugam-lI stoves was achieved at a feeding rate of 25 and 16.67 g/min, respectively. Fuel wood for both 
stoves provided the highest thermal efficiency. The test conducted on the modified stoves showed that if 
the chimney of the Sugam-II was removed, it gave the best performance when a I cm raiser was provided 
in the second pot hole and one-third of the raiser opening was closed. 
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I N T R O D U C T I O N  

Biomass fuels (wood,  dung cake and agro-waste) are used by half  o f  the world popula t ion as a 
major,  often the only, source o f  domestic energy for cooking  and heating. In India itsclf, these fuels 
are used for 75% o f  the popula t ion residing in rural areas and a substantial amoun t  o f  the 
semi-urban and urban  populat ion.  These fuels are most ly used in traditional stoves by 120 million 
households for meeting domestic requirements [I]. Most  o f  these stoves arc highly inefficient and 
uses only 5 -10% o f  the encrgy of  the fuels [2]. Besides their low cnergy cfficiency, the use o f  thesc 
stovcs results in a large amoun t  o f  indoor  air pollution, which has various adverse impacts on 
health [3,4]. 

In the present energy scenario, when thc forest resource is diminishing and thc requirement is 
increasing day by day due to the increase in populat ion,  conservat ion o f  these fuels becomes a most  
imminent  need for meeting the increasing energy requirements. In addit ion to the inefficient use 
o f  dung  cake and agro-waste as domestic fuels, it deprives the soil f rom these nutrient rich fertilizers 
which are necessary for increasing agricultural produce [5]. Thus, at present, there is an urgent need 
for increasing the fuel cfficiency for op t imum utilization o f  the bioresource. Efficient fuel utilization 
is also a must  for saving fuel for othcr  alternativc uses and for checking the further deforestation 
and soil erosion. 

Improved  biomass stoves are one o f  the technological innovat ions in this direction for 
reducing the fuel inefficiency and for making the environment  more  cogenial. At  present, the 
Ministry o f  Non-Convent iona l  Energy Sources, Governmen t  o f  India, is disseminating these 
improved stoves through the network o f  technical back up units, nodal  agencies and voluntary  
organizations.  

tTo whom all correspondence should be addressed. 
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MATERIALS AND M E T H O D S  

Biomass stoves 

A traditional biomass stove (U-shaped), having length, width and height of 30 cm, 10 cm and 
15 cm, respectively, and a two pot stove, i.e. Sugam-II (80 cm × 36 cm x 24 cm) is shown in Fig. 
1 and Fig. 2, respectively. 

Thermal performance evaluation method 

The thermal performance of two biomass stoves was measured by the water boiling and 
evaporation test procedure [6]. The experiments were conducted in the laboratory under simulated 
conditions. The test procedure adopted is given in the Appendix. 

RESULTS AND DISCUSSION 

The characteristics of three fuels, i.e. wood, dung cake and agro-waste, analysed by ASTM 
methods [7-10], is presented in Table 1. Among the three fuels, wood shows the highest carbon 
content and calorific value. It may be noted that dung cakes have exceptionally high ash content 
as compared to wood and agro-waste. However, the agro-waste contains a higher moisture content 
than the wood and dung cakes. The thermal performance of the two stoves with wood fuel is 
presented in Fig. 3. It is clear from the figure that, on increasing the fire power, i.e. fuel input, the 
power output increases. However, an increase in the fire power above 7.8 kW in the case of the 
Sugam-II resulted in a decrease in the output rating. The detailed results of the thermal 
performances of these two stoves with four biofuels is presented in Tables 2 and 3, respectively. 
The results presented in Table 2 show a similar variation of thermal performance and power 
rating--the thermal efficiency increases in the beginning with the increase in the power input, 
reaches a maximum value and then falls. The thermal efficiency of the traditional stove ranges 
between 10.5-13.5%, 8-11%, 9.2-11.6% and 7.9-10.5% with wood, dung cake, wood and dung 
cake and agro-residue, respectively, for a value of fuel feeding rate between 16.67 and 33.33 g/min. 
Wood fuel, i.e. acacia nilotica, among the biofuels, gives the highest thermal efficiency at all fuel 
feeding rates. It is interesting to note that, while the burning of dung cakes results in the loss of 
valuable nutrients, it is quite inefficient as well, the efficiency of the traditional stove with dung 
cakes was found to vary between 8-11% for the chosen values of fuel feeding rates. The efficiency 
of this stove is the minimum with agro-waste at all fuel feeding rates. The results also show that 
mixing of wood and dung cakes results in somewhat improved thermal efficiency of the stove. 

The thermal performance of the Sugam-II stove with all biofuels used for the traditional stove 
in given in Table 3. The thermal efficiency of Sugam-II ranges between 15.5 and 26.5% with 
different biofuels at a feeding rate of 12.50-33.33 g/min. Similar to the case of the traditional stove, 
Sugam-II also provides the maximum efficiency with wood fuel. Joshi et al. [11] also reported the 
maximum efficiency of improved stoves with wood fuel, as observed in the present study. 

In this case as well, the increase in the fuel feeding rate shows similar effects on the thermal 
efficiency, as observed with the traditional stove. The maximum efficiency of the Sugam-II stove 
with all biofuels was observed at a feeding rate of 16.67 g/min. The power output of this stove at 
16.67 g/rain feeding rate was 1 kW or more than 1 kW with wood, agro-waste and mixture of wood 
and dung cakes. The power output with dung cake at 16.67 g/min was found to be 0.75 kW. The 
lower power output with dung cake may be due to the low calorific value of dung cake, i.e. 
10,920 kJ/kg. The results also show that, for raising the heat utilization of dung cake, a right choice 
is to use a mixture of wood and dung. As with the mixture, the efficiency is found to be more when 
compared with dung cakes alone. The thermal performance of the Sugam-II stove with different 
biofuels observed in the present investigation is more than those reported by Bussmann [12] for 
the fixed type of improved stove. 

A comparison of the results presented in Tables 2 and 3 shows that the efficiency of the Sugam-II 
is 51-110% more as compared to the traditional biomass stove at different feeding rates. The results 
presented in Table 3 show that the highest thermal efficiency of the Sugam-II stove is achieved at 
a feeding rate of 16.67 g/min. The performance of the Sugam-II stove was also observed at different 
raiser heights and closing the second tunnel (without chimney). The numerical results presented 
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Fig. I. Traditional biomass stove. 

in Table 4 show that the efficiency of  the stove falls when a raiser, i.e. 1 or 2 cm, is provided on 
the first pot hole. On shifting the raiser from the first pot hole to the second pot hole and reducing 
the area of  the raiser opening, the performance of the stove improves. For example, in the 
conditions E and F, when the second pot hole is provided with a 1 cm raiser and one-third area 
of  raiser opening was sealed, the thermal efficiency rises to 28.1 and 29.8%, respectively. A further 
reduction in the 1 cm raiser height to 0.5 cm reduces the thermal efficiency, which may be due to 
improper combustion as sufficient draught is not created due to the non-availability of  a flue pipe. 
Visually also, a lot of  smoke formation was observed when the raiser height was reduced to 0.5 cm. 

A comparison of Tables 3 and 4 shows that, in conditions E and F, the thermal efficiency of  
the Sugam-II stove is 8-12% more than in condition A (normal condition). The thermal output 
of the Sugam-II stove in the conditions E and F is 91-102% more than that of  the traditional stove 
at the same fuel feeding rate. 
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Fig. 2. Sugam-II stove. 
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Table 1. Characteristics of  the biofuels 

(a ) Proximate analysis 
Biofuels Moisture Fixed carbon Volatile matter Ash 

Wood 10.0 18.0 70.0 2.0 
Dung cake 9.4 14.5 60.8 15.3 
Agro-waste 14.5 16.5 65.2 3.8 

(b ) Ultimate analysis 
Biofuel Carbon Hydrogen Nitrogen Oxygen 

Wood 49.80 5.60 0.20 42.40 
Dung cake 32.40 4.50 0.30 47.50 
Agro-waste 42.00 5.00 0.20 49.00 

(c) Calorific value 
Biofuel Calorific value 

Wood 16,100 
Dung cake 10,920 
Agro-waste 14,700 
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Fig. 3. Effect of  fire power on the thermal performance of biomass stoves. 
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Table 2. Thermal performance of traditional biomass stove 

Fuel feeding Power input Thermal Power output 
rate (g/min) Fuel (kW) efficiency (%) (kW) 

16.70 A 4.45 10.5 0.48 
B 3.00 8.0 0.25 
C 3.70 9.2 0.34 
D 4.10 7.9 0.32 

20.80 A 5.60 12.2 0.68 
B 3.80 9.2 0.35 
C 4.60 I0.0 0.46 

° D 5.05 8.5 0.43 
25.00 A 6.70 13.5 0.90 

B 4.55 1 !.0 0.50 
C 5.60 1 !.6 0.65 
D 6.20 10.5 0.64 

29.20 A 7.80 12.0 0.95 
B 5.30 10.8 0.60 
C 6.60 11.2 0.75 
D 7.10 10.4 0.76 

33.30 A 8.95 11.0 1.00 
B 6.10 10.2 0.65 
C 7.70 10.9 0.85 
D 8.40 9.5 0.80 

A = wood, B = dung cake, C = wood: dung cake (1 : I) and D = agro-waste. 

C O N C L U S I O N S  

On the basis of the present study, the following conclusions may be drawn. 
Biofuel should be used in improved stoves for increasing energy efficiency. The thermal efficiency 

of Sugam-II 51-110% more than that of the traditional stove, thus the use of Sugam-II may 
conserve 25-52% of biofuel if used properly. Similarly, dung cake may be conserved by its use in 
a dual fuel mode, i.e. mixture of wood and dung cakes. The efficienct utilization of the dung cakes 
will save a substantial amount of dung, which may be used as fertiliser. The use of various biofuels 
in the energy efficient Sugam-II stove will reduce the pressure on the forest resource. Thus, it may 

Table 3. Thermal performance of Sugam-II stove with different fuels 

Power Thermal efficiency 
Feeding input Power output 
rate Fuel (kW) 1st pot 2nd pot Total (kW) 

12.50 A 3.35 13.5 10.0 23.5 0.80 
B 2.30 13.0 9.0 22.0 0.50 
C 3.00 14.0 9.0 23.0 0.70 
D 3.20 14.0 8.0 22.0 0.70 

16.67 A 4.50 14.5 12.0 26.5 0.70 
B 3.00 15.0 10.0 25.0 0.75 
C 3.90 14.5 11.0 25.5 1.00 
D 4.00 14.0 10.0 24.0 1.00 

20.80 A 5.70 14.5 11.0 25.5 1.45 
B 3.75 14.0 10.0 24.0 0.90 
C 4.80 14.0 10.0 24.0 1.15 
D 5.10 13.5 10.2 23.7 1.10 

25.00 A 6.50 13.0 10.0 23.0 1.50 
B 4.65 13.0 8.5 21.5 1.00 
C 5.70 13.2 8.8 22.0 1.25 
D 6.30 12.5 9.0 21.5 1.35 

29.18 A 7.80 11.3 8.2 19.5 1.75 
B 5.00 11.0 8.0 19.0 0.95 
C 6.60 10.5 8.4 18.9 1.25 
D 7.65 11.0 7.5 18.5 1.40 

33.30 A 8.90 10.0 7.0 17.0 1.60 
B 6.10 9.5 6.0 15.5 0.95 
C 7.30 9.0 7.5 16.5 1.20 
D 8.30 9.8 6.0 15.8 i.30 

A = wood, B = dung cake, C = wood:dung cake (1:1) and D = agro-waste. 
t 
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Table 4. Performance of Sugam-II stove with wood fuel at 
a feeding rate of 16.70 g/min at different conditions 

Thermal efficiency 
Power output 

Conditions 1st pot 2nd pot Total (kW) 

A 14.5 12.0 26.5 1.20 
B* 15.5 3.2 18.7 0.88 
C 16.2 4.8 21.0 0.97 
D 12.4 4.8 17.2 0.85 
E 13.3 14.6 28.1 1.30 
F 15.1 14.7 29.8 1.40 
G* 14.5 10.9 25.4 1.20 

*Conditions B and G are without a chimney. 
A = original Sugam-II stove, B = first pot hole with 2 cm 

raiser, C = first pot hole with 1 cm raiser, D = second 
pot hole with 2 cm raiser, E = second pot hole with 1 cm 
raiser, F = second pot hole with 1 cm raiser and the third 
raiser opening area sealed and G = second pot hole with 
0.5 cm raiser. 

be  c o n c l u d e d  t h a t  the  d i s s e m i n a t i o n  o f  i m p r o v e d  s toves  is a m u s t  fo r  m a i n t a i n i n g  a s o u n d  

e c o s y s t e m  a n d  fo r  c o n s e r v i n g  fuel.  
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A P P E N D I X  

F u e l  P r e p a r a t i o n  

Small pieces of acacia nilotica of 4-5 cm dia and 30-40 cm length, agro-waste, i.e. 30-40 cm length, and dung cake were 
used for the test. 

Analysis o f  the fuel 

The analysis of the fuel was done by ASTM standard methods (7-10). Weighted quantities of these fuels are stacked 
in small lots of 1.0 kg close to the feed opening of the two stoves. The brief procedure for analysis of the fuels is given 
below. 

Proximate analysis o f  the fuel 

The moisture content of the fuel was determined by taking 1-2 g of fuel in a crucible and drying it at 105 + 5°C for 3 h. 
The loss in weight represents the moisture content of the fuel. The volatile matter was determined by placing a weighted 
quantity of powdered fuel in the crucible, covering with a lid, in a furnace at a temperature of 750°C for 6 min and 950°C 
for 6 min. The loss in weight represents the volatile matter. The ash content was determined by placing a weighed quantity 
of powdered fuel in an open crucible in a furnace at a temperature of 700°C for 3 h. 

The fixed carbon was determined by subtracting the sum of moisture, volatile matter and ash content from 100. 
Ultimate analysis. The ultimate analysis of the fuel was determined by a C-H-N analyser by the ASTM method d-3174-76. 

The sample was dried prior to the analysis, and knowing the C-H-N content, oxygen was determined by the difference. 
Calorific value. The calorific value was determined by placing I g of powdered sample in the crucible of a bomb 

calorimeter and combusting it and with the help of the following formula. 

2000 + 448 x s(t b - t,) - (m I - m,. × 335) + 15 × 0.410 

Mass of the sample 
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Vessels. Flat bot tom cylindrical aluminium vessels (24 cm dia and height 13.5 cm) were used for the thermal performance 
evaluation. In the case of  Sugam-II, two such identical vessels were used. Proper sized lids were used for covering the vessels 
during the initial phase of  the test. Holes were cut at the center of  the lids for insertion of  the thermometers. 

T e s t  P r o c e d u r e  

One vessel for the traditional stove and two vessels for Sugam-I1 were filled with clean potable water up to 2/3 capacity. 
Let the weight of  water in the first vessel and second vessel be W, and W 2, respectively. The initial temperature of  water 
(t~) and ambient air were measured with a thermometer.  The fire was started with small pieces of  wood and pouring 4 -5  ml 
of  kerosene on the first lot of  biomass fuel, arranged in the combustion chamber of  the stove. After allowing the fire to 
catch up for 30 s, the vessels containing water were placed on the pot seats. The time t~ of  their placement was recorded. 
The fuel in the combustion chamber was adjusted during the efficiency test to obtain a steady flame. The item t 2 when the 
water reaches the boiling point and the boiling temperature (T)  are also measured and recorded, and the lids are removed 
immediately. In the case of Sugam-II, a similar procedure was adopted for the second vessel. A constant  feed rate of  
16.70-33.30 g/min and 12.50 33.30 g/min (i.e. 1 2 kg/h and 0.75-2 kg/h), respectively, was maintained for a test duration 
of  1 h. The time (t 3) and temperature T 2 were recorded at the end of  the 1 h test duration. The mass  of  charcoal (m), along 
with the quantity of  water remaining, W~ and W;, for the first and second vessels, were measured and recorded. The thermal 
efficiency of  the two stoves was measured as follows. 

(i) quantity of  fuel burned: F kg = 0.75-2 kg/hr 
(ii) quantity of  water evaporated: first vessel = W~ - W 2 

(iii) latent heat of  vapourisation of  water: L = 2256 J/g 
(iv) rise in water temperature: first vessel = T 2 - T~: Second vessel = T 3 - T~ 
(v) specific heat of  water: S = 4.18 kJ/kgs C 

(vi) heat used for sensible heating of water: S[ W~ (T  2 - T~ ) + W2 (T3 - Tl )] 
(vii) heat used in evaporation of water: (W L - W ; ) +  (W 2 - W;) 

(viii) quantity of  heat liberated during the burning of  fuel: Mass of  fuel used x calorific value (Fx cv) 
(ix) quantity of  charcoal remaining: F (kg) 
(x) calorific value of charcoal: 

S [ W ~ ( T  z - T , ) +  W2(T  ~ T,)] + (W l -- W~)L 4 - ( W  2 - W~)L  
C v = 

FxC, - f xc ,  

The power output  of  the stove was determined by 

(FxC,  - f ~ c v  )xn 

Test duration x 100' 


