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Abstract--The release of indoor air pollutants during the direct combustion of wood and dung cakes as 
well as for the combustion of secondary fuels derived from them, i.e. charcoal and biogas, is experimentally 
investigated in controlled conditions. Some typical results are presented and briefly discussed. 

Indoor air pollutants Biofuels Combustion Secondary fuels 

I N T R O D U C T I O N  

Fuelwood and animal dung cakes are the two commonly used biofuels in rural areas of developing 
countries for domestic cooking [1, 2]. The use of charcoal is preferred over fuelwood in small towns 
and semi-urban areas for a variety of practical reasons which include its higher calorific value, 
reduced smoke and relative ease of utilization [3]. Similarly, anaerobic digestion of animal dung 
is being promoted in many developing countries instead of direct burning of dung cakes. One of 
the common positive attributes associated with both the processed biofuels (i.e. charcoal and 
biogas) over their primary fuel counterparts (i.e. fuelwood and animal dung) for domestic cooking 
end use is reduced emission of air pollutants [4-6]. 

In the present work, an experimental investigation was undertaken to study the emission of air 
pollutants from the combustion of fuelwood, charcoal, animal dung cakes and biogas in respective 
cooking appliances. The air pollutants studied are carbon monoxide and suspended particulate 
matter (SPM) which was further analysed to study the concentration of benzo[a]pyrene. 

M A T E R I A L S  A N D  M E T H O D S  

The specifications of the improved mud cookstove (Sugam II), used for the combustion of 
fuelwood and dung cakes, charcoal stove (Jwala) and the biogas stove (Fig. 1). are given in Table 1, 
along with the characteristics of the four biofuels. The experiments were conducted in a kitchen 
of size 2.6 × 2.8 × 2.3 m. The kitchen opens into a living room of size 6.6 × 2.8 × 2.3 m. The kitchen 
has no other arrangement for ventilation. The living room, however, has a window (size 1 × l m) 
which was kept open during the experimentation. The investigations were conducted separately for 
each cookstove. The cookstove was placed on the kitchen floor during the experimentation. 

The charcoal stove was ignited outside in the open street, while the other two stoves were ignited 
in the kitchen itself. The charcoal stove was taken inside once the visible smoke disappeared. The 
same set of equipment was used for monitoring the air pollutants for all investigations presented 
herein. The air pollutants were monitored at two different heights in the kitchen: (i) at a distance 
and height of 50 cm from the cookstove and (ii) at a distance of 50 cm and height 150 cm from 
the cookstove. While the height of 50 cm represents the breathing height in a squatting posture, 
the height of 150cm corresponds to the breathing level of a person standing in the kitchen. 
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Fig. 1. Biofuel cookstoves: (a) improved mud cookstove; (b) charcoal cookstove; (c) single burner biogas 

cookstove. 

Monitoring of air pollutants was also undertaken at the centre of the living room at a height of 
150 cm. 

Carbon monoxide concentration was measured with a battery operated CO personal monitor 
(model Ecolyser-200) regularly at intervals of 10 min during the 1 h stove operation period. The 
CO concentration for all appliances was further measured until the CO value reduced to the 
prescribed values of air standards. The suspended particulate matter was collected on glass fibre 
filter paper (GF/A) of 25 mm alia by drawing air at a rate of  1.5 l/min. Blank filter and samples 
were kept in a desiccator, and the mass of  particulate matter was determined gravimetrically [7]. 
The suspended particulate matter from the filter was extracted with 150 ml benzene in a light 
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Table 1. Specifications of the biofuels/cookstoves 
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S. No. Biofuel Cooking stove 

l. Fuel wood Sugam-ll 
Fixed carbon 18% Developed by: 
Volatiles 70% 
Ash content 2% Size 
Moisture content 10% Type 
Calorific Thermal 
value (kJ/kg) 16,100 efficiency 

2. Dung cake Thermal 25.5% at ! kg/h 
efficiency fuel burning rate 

Fixed carbon 14.5% 
Volatiles 60.8% 
Ash content 15.3% 
Moisture 
content 9.4% 
Calorific 
value (kJ/kg) 10,920 

3. Charcoal dwala stove 
Fixed carbon 64% Developed by: 
Volatiles 23% 
Ash content 2.4% Fuel rate 
Moisture Thermal 
content 8.2% efficiency 
Calorific value 
(kJ/kg) 29,200 

4. Biogas Biogas stove 
CH 4 -  56% KVIC model 
CO2-- 34% Thermal 55% 
Calorific value efficiency 
(kJ/m 3) 19,800 

Centre for Rural Development 
and Technology, IITD 
80 x 36 x 24 cm 
Fixed mud 
26.5% at I kg/h 
fuel burning rate 

Centre for Rural Development 
and Technology, Delhi 
0.56 kg/h 

40.5% 

pro tec ted  so lvent  ex t rac to r  for  a pe r iod  o f  6 h. The  ext rac t  was c o n c e n t r a t e d  to a b o u t  1 ml  on  a 
r o t a t o r y  v a c u u m  ev ap o ra t o r .  T h e  P A H  were i so la ted  by  th in  layer  c h r o m a t o g r a p h y  o n  2 m m  
p repa ra t i ve  silica gel coa ted  glass pla tes  [8]. T h e  P A H  f rac t ion  was e lu ted  in benzene  a n d  ana ly sed  
by  gas c h r o m a t o g r a p h y  in  a B B B T  c o l u m n  [9]. 
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Fig. 2. Time variation of carbon monoxide concentration in the indoor environment at breathing level 
in the squatting posture (posture A) during the operation of the cookstove. 
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Fig. 3. Time variation of carbon monoxide concentration in the indoor environment at breathing level 

in the standing position (position B) during the operation of the cookstove. 

R E S U L T S  A N D  D I S C U S S I O N  

The concentration of  carbon monoxide at the breathing level height in a squatting posture during 
the 1 h combustion period of acacia wood, dung cake, charcoal and biogas in presented in Fig. 2. 
In all the four cases, the concentration of  CO is found to increase rather linearly with time during 
the test period. However, the rate of  addition of  CO in the indoor environment is quite different 
for the different fuels. While the CO concentrations in the beginning of  the experiment are very 
close to each other, towards the end of the experiment, these values differ considerably. For 
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Fig. 4. Time variation of carbon monoxide concentration in the indoor environment at breathing level 

in the standing position (position C) during the operation of the cookstove. 
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Fig. 5. Disappearance of carbon monoxide from the kitchen (position B) after extinguishing the 

cookstove fire. 
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example, just before the termination point of the experiment, the CO concentration for the case 
of  fuelwood is, on an average, 8-17% higher than that for its charcoal. Similarly, the direct 
combustion of dung cakes releases 98-134% more CO as compared to the combustion of  biogas. 
Among the four biofuels, the dung cake combustion results in the maximum CO emission in the 
indoor environment, whereas the secondary fuel obtained by the anaerobic digestion of the wet 
dung (i.e. the biogas) releases the minimum CO on combustion in the biogas cookstove. Once again, 
it proves the superiority of  the anaerobic digestion route, even from the view point of CO emission 
besides the obvious improvement in the efficiency of utilization. The concentration of CO for the 
cases of acacia wood and its charcoal lie between the values for dung cakes and biogas combustion. 
Another important point to note from the results plotted in Fig. 2 is the fact that, for all the four 
fuel-technology combinations for domestic cooking studied in the present work, the CO concen- 
tration crosses the prescribed safe limits after 20 min of igniting the cookstoves [10]. 

The concentration of carbon monoxide at the two other positions, i.e. standing posture in the 
kitchen and living room is presented in Figs 3 and 4, respectively. In these two positions also, the 
maximum and minimum CO concentration is caused by the combustion of dung cakes and biogas, 
respectively. 

Table 2. Concentration of suspended particulate matter in the indoor environment from four biofuels 

Fuel Stove 

Suspended particulate matter (#g/m 3) 

Kitchen breathing Kitchen breathing Living room breathing 
level in squatting level in standing level in standing 

posture posture posture 
D u n g  Sugam-ll 1710 2900 2290 

cake 
Charcoal Jwala 410 790 610 
Biogas Biogas 105 250 190 

Stove 
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Table 3. Concentration of benzo[a]pyrene in the indoor environment from the four biofuels 

Fuel Stove 

Benzo[a]pyrene (#g/m 3) 

Kitchen breathing Kitchen breathing Living room breathing 
level in squatting level in standing level in standing 

posture posture posture 

Wood Improved mud cookstove 0.280 0.610 0.480 
Dung c a k e  Improved mud cookstove 0.415 0.970 0.670 
Charcoal Jwala cookstove 0.135 0.240 0.205 
Biogas Biogas stove 0.020 0.044 0.028 

The concentration of carbon monoxide was observed to be maximum in the kitchen at the 
standing position for all four biofuels. On the other hand, the minimum concentration of carbon 
monoxide was observed at the breathing level height in a squatting posture in the kitchen itself. 
The concentration of CO in the living room was observed to be between the two extremes found 
in the kitchen. 

The disappearance of  carbon monoxide from the indoor environment after extinguishing the 
cookstove fire is presented in Fig. 5. It may be seen that the minimum time required for reducing 
the level of CO in the kitchen environment to that prescribed in WHO air quality standards is 
20 min. In the case of dung cake combustion, it takes more than 40 min for the indoor air CO 
concentration to come down to safe limits. 

The concentration of suspended particulate matter in the indoor environment at the three 
positions is presented in Table 2. Once again, as in the case of carbon monoxide, the maximum 
and minimum particulate matter were observed in the kitchen at the breathing level in a standing 
posture and the breathing level in a squatting posture, respectively. The combustion of dung cakes 
releases the maximum suspended particulate matter (SPM) at all three positions monitored in the 
present work. The combustion of  biogas leads to the minimum SPM concentration among the four 
biofuels. It may be seen that a shift from acacia wood to its charcoal reduces the particulate level 
by 55-65% at the three positions. Similarly, a shift from dung cakes to biogas reduces the 
particulate level by about 90% at the three, positions. 

A comparison of the concentration of suspended particulate matter observed in the present study 
with air quality standard values shows that the combustion of acacia wood, dung cake and charcoal 
releases particulate matter in the indoor environment higher than the prescribed limits. The 
particulate matter released from biogas is within the air quality standard value (200-300/~g/m3). 

The concentration of benzo[a]pyrene in the indoor environment from the combustion of four 
biofuels studied is shown in Table 3. Once again, like the two other pollutants, the maximum 
benzo[a]pyrene level for all four biofuels is observed in the kitchen at the standing posture. The 
combustion of dung cakes causes the highest benzo[a]pyrene emission at all three positions 
monitored. 

The concentration of SPM released in the indoor environment by the combustion of  fuelwood 
and dung cakes, observed in the present study, are similar to those reported in Ref. [11], whereas 
the concentration of benzo[a]pyrene is reported in Ref. [12] is somewhat higher than observed in 
the present work. 

C O N C L U S I O N S  

The present investigation shows that the inhabitants standing in the kitchen are exposed to the 
highest concentration of pollutants. Among the four biofuels, dung cake combustion causes the 
maximum pollution. The use of processed fuels, i.e. charcoal and biogas, reduces the indoor 
concentration of the CO, SPM and benzo[a]pyrene considerably. Thus, the use of processed fuel 
should be encouraged. 
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