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ABSTRACT 
A smoke reduced hot water stove has been designed and developed which provides hot water 
with normal stove operation. The stove also has the feature of smoke reduced operation to 
reduce the indoor air pollution. The energy utilization efficiency of smoke reduced hot water 
stove was compared with conventional stove using common rural fuel. The fuels used were 
fuelwood (Subabhul), gobar cake, cotton and pigeon pea residue.  Out of total energy produced 
by combustion of fuel wood (Subabhul), gobar cake, cotton and pigeon pea residue, 
conventional stove utilized 546, 378, 252 and 315 KJ while smoke reduced hot water stove 
utilized 2348, 1538, 1116 and 1871 KJ respectively. The obtained results revealed that, the 
smoke reduced hot water stove is 3-5 times efficient in energy utilization than conventional 
stove. The smoke reduced hot water stove is significant in saving rural fuel, reducing indoor air 
pollution, improving health of woman and infants and addressing the global issue of 
deforestation to some extent. 
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INTRODUCTION 

The fossil fuels, hydropower and nuclear 
power supply most of the human society’s 
direct needs but a majority of the world’s 
population relies principally on fuelwood, 
animal dung and crop residues for their fuels. 
These traditional fuels are used mainly for 
household cooking and water heating and it is 
estimated that about 50% of the world’s 
households cook them with daily.1 In energy 
content, about 60% of global traditional fuel is 
wood.2 The energy crisis directly affecting 
most of the rural population, then is not the 
crisis caused by changes in the world 
petroleum supply system but the problems 
associated with the harnessing and use of 
traditional biomass fuels. Principal among 
these problems are the growing scarcity of 
wood and associated deforestation caused by  

felling of trees for fuel and new crop land. This 
has been called the other energy crisis3. 
In India over 72 per cent of all households and 
90 per cent of households in the country’s 
poorer, rural areas use traditional solid fuels, 
such as crop residue, cow-dung and firewood, 
to meet their cooking needs4. The burning of 
solid fuels in traditional cooking stoves 
(chulhas) results in high levels of toxic 
pollutants in the kitchen area. The stoves or 
chullah used for cooking are not energy 
efficient. The fuels are not burned completely. 
The incomplete combustion of biomass 
releases complex mixture of organic compo-
unds, which include suspended particulate 
matter, carbon monoxide, nitrogen oxides, 
formaldehyde, aldehydes, benzenes and 
polyaromatic hydrocarbon compounds5. The 
biomass may also contain intrinsic conta-
minants such as sulphur, trace metals etc. As 
such, the use  of  these  fuels  is  considered  a  *Author for correspondence 
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major risk factor for lung cancer as well as 
cardiovascular and respiratory disease6. 
The Indoor Air Pollution (IAP) from biomass 
fuels and traditional cooking stoves is a serious 
health threat, particularly to women and young 
children who spend a considerable amount of 
time near the cooking stove. The smoke from 
burning solid fuels produces many pollutants, 
including Particulate Matter (PM) and Carbon 
Monoxide (CO) that have been shown to be 
highly toxic and associated with increased 
rates of infant mortality7. The emissions rates 
of pollutants from traditional stoves are 
extremely high and the mean 24-hour PM10 
concentration from solid fuel-using households 
in India sometimes exceeds 2,000 μg/m3, 
where PM10 refers to particulate matter with a 
diameter of less than or equal to 10μm, these 
particles are widely believed to pose the 
greatest health problems8. The air pollution 
resulting from combustion of fuel wood in 
household cooking have significant emission 
factors for particulates, carbon monoxide and 
polycyclic organic matter which sometimes 
exceeds the emission factors of even the 
dirtiest of the fossil fuels, coal. 9,10 
There is a growing body of evidence that long 
term exposure to high levels of smoke from 
burning biomass fuels is linked to a number of 
specific diseases that are widespread in many 
developing countries. Exposure to biomass 
cooking smoke has been linked to a host of 
respiratory diseases, including acute respire-
tory infections11, chronic bronchitis,12 asthma, 
tuberculosis, blindness13 and increased infant 
mortality,7 lung function impairment.14,15 It has 
also been linked to lung cancer, adverse 
pregnancy outcomes and cataract.16 It is 
estimated that indoor air pollution accounts for 
one-third of ARI cases and that ARI accounts 
for up to 20 per cent of deaths among children 
under the age of five. This means that, after 
contaminated water, solid fuels – used by over 
half of the world’s population are the most 
important environmental cause of disease.17 
A strong correlation between using a stove 
with cleaner fuels and having better respiratory 
health, suggesting that the use of traditional 
stoves may indeed be a culprit behind these 
high  levels   of   respiratory  disease.18  The  

prolonged   research  in  the  field   stressed  on  
clean fuels,19 building the kitchen with porous 
construction material, providing proper 
ventilation in cooking, central cooking 
arrangements, purchase of more fuel-efficient 
stoves20, peripheral location of cooking 
facilities, rotation of women in cooking roles 
to reduce their exposure and ventilation of 
cooking smoke through a tall stack.21-25 
Unfortunately, nationwide energy surveys in 
many developing countries have revealed that 
poor households almost always use dirty 
biomass fuels, particularly in rural areas. This 
is often because clean fuels are not available. 
Even where a clean fuel is available, most poor 
households use dirty fuels because the relative 
price of the clean fuel is simply too high. 
Improved stoves for biomass combustion could 
help but studies have found almost no adoption 
of improved stoves, despite widespread 
promotional efforts. Households report non-
adoption for a variety of reasons, including 
capital and maintenance costs, inconvenience 
and incompatibility with food preparation 
traditions. In this context, a simple device 
smoke reduced hot water stove has been 
designed constructed and tested with the 
common rural household fuels and attempt has 
been made to address the issues being 
encountered during cooking in rural area. 

MATERIAL AND METHODS 
Design and construction of smoke reduced 
hot water stove  
The device constructed using Mild Steel (MS) 
sheets of 2 mm thickness in rectangular shape 
with hollow cylindrical combustion chamber 
and in size B x W x H = 31 x 34 x 23.5 cm. 
There is provision for charging and 
discharging the water through ‘L’ shaped inlet 
pipe centrally welded at rear bottom and a 
straight outlet pipe welded at right hand side 
respectively (Fig. 1). 
The central combustion chamber is having 
opening from front and top sides for charging 
the fuel and receiving the heat produced in 
chamber respectively. Smoke outlet pipe runs 
across the hollow space between combustion 
chamber and rear side to make the device 
smoke reduced. The length of the pipes may be 
extended as per the convenience of the user.  
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Around two and half inch part of the 
combustion  chamber  from  bottom constitutes  
ash chamber. The combustion chamber and 
ash chamber are separated by a removable 
circular net called oxidation net. Oxidation 
net helps burning fuel to get more and more 
oxygen so as to perform complete oxidation 
of the fuel which yields maximum heat. At 
the top, combustion chamber consists of 

another circular structure having three ‘v’ 
shaped rods welded to it. It is also removable. 
It is called as guard net. This net provides 
support to vessels which are smaller in size 
than combustion chamber. All the parts of 
smoke reduced hot water stove are 
constructed from mild steel material (Fig. 2). 
The part wise specification and function are 
listed in Table 1. 

 

 

Fig. 1 :  Design of smoke reduced hot water stove : Top and front view with dimensions 

 

Fig. 2 :  Smoke reduced hot water stove 
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Table 1 : Smoke reduced hot water stove, description of parts 

S/N Part Size (cm) Shape Function 

1 Inlet pipe 
for water 

2.5 x 10 x 45 
(d x l x h) 

Cylindrical 
‘L’ shaped 

To provide inlet for cold water into water 
container. 

2 
Outlet 
pipe for 
water 

2.5 x 23 
(d x l) Cylindrical To discharge hot water from container 

3 Smoke 
outlet 

4 x 10 x 45 
(d x l x h) 

Cylindrical 
‘L’ shaped 

To carry smoke generated in combustion 
chamber and expel out of kitchen 

4 Water 
container 

31 x 34 x 
23.5 
(l x b x h) 

Rectangular To store water for heating purpose 

5 Combustio
n chamber 

19 x 23.5 
(d x h) Cylindrical To provide space for oxidation of fuel 

6 Oxidation 
net 18 (d) Circular To allow free air from bottom side of solid 

fuel for complete combustion 

7 Guard net 18 (d) Circular 
To provide support for utensils having 
dimension less than 19 cm for cooking 
over combustion chamber 

(Note : 1. d- diameter, l – length, b- breadth, h- height. 2. Water inlet, outlet and smoke outlet pipes can be extended as 
per the requirement of the user and size of home) 

Working 
The principle of this device is based on the 
conduction of heat through the metal. The 
water container when filled with water comes 
in contact with the heat of combustion 
chamber through the mild steel sheet of 2mm 
size. The heat of combustion chamber gets 
transferred to water through MS plate by 
conduction. The heat is absorbed by the water 
and water temperature rises. The hot water is 
then used for various purposes according to the 
requirement. 
Method of testing 
The present study is based on the comparison 
between the heat utilized by conventional 
stove and smoke reduced hot water stove. In 
present study, known and equal quantity of 
fuel is burned in respective stove on which 
known volume of the water is kept whose 
initial temperature is noted. Fuel burns and 
heat is absorbed by water. In conventional 
stove, there is loss of heat in large amount 
through conduction and radiation while in the  

smoke reduced hot water stove utilizes this 
heat for heating the water. The final 
temperature of water both inside water 
container of the smoke reduced hot water stove 
and kept above is calculated. It gives heat 
absorbed by the water from burning of known 
amount of the fuel. The experiment was 
carried out by using variety of fuels which are 
commonly used in rural areas. 
The heat absorbed by the water can be 
calculated from initial and final temperature of 
the water (Table 2). 
Q = M x J x (T2 – T1) 
Q - Heat energy absorbed by the water is 

expressed in to Kilo Jules (KJ). 
J  -  Specific heat of water is 4.2 KJ 
M - Mass  of  the water is simply calculated 

from the volume of the water expressed  
      in Kilograms (Kg) 
T1 - Initial temperature of water in Degree 

Celsius (0C) 
T2 - Final temperature of water in Degree 

Celsius (0C) 
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Table 2 : Temperature observations 

S/N Parameter Type of stove 
Conventional stove Smoke reduced hot water stove 

1 Quantity of fuel 250gm 250gm 

2 
Weight 
of 
water 

In 
heating 
pot 

5kg 5kg 

In stove 
container - 12.7kg 

 

Type of fuel 
Fuel 
wood 
(suba 
bhul) 

Cow 
dung 
cake 

Cotton 
residue 

Pegion 
pea 

residue 

Fuel 
wood 
(suba 
bhul) 

Cow 
dung 
cake 

Cotton 
residue 

Pegion 
pea 

residue 

3 

Initial 
temp. 
of 
water 
(ºC) 

In heating 
pot 27 26 26 26 27 26 26 26 

In stove 
container - - - - 27 26 26 26 

4 

Final 
temp. 
of 
water 
(ºC) 

In heating 
pot 39 41 44 52 31.5 43 51 52 

In stove 
container - - - - 43 54 45 59 

RESULTS AND DISCUSSION 
Fuel wood (subabhul) 
Both the smoke reduced hot water stove and 
conventional Stove are tested for utilization of 
heat energy by using subabhul wood as a fuel. 
The smoke reduced hot water stove utilizes 
2348KJ heat from 250gm of fuel while 
conventional stove utilizes only 546KJ of heat 
from the same quantity of the fuel. Smoke 
reduced hot water stove utilizes 1802KJ more 
heat than conventional stove. 

Cow dung (gobar) cake 
Both the smoke reduced hot water stove and 
conventional stove are tested for utilization 
of heat energy by using gobar cake as a fuel. 
The smoke reduced hot water stove utilizes 
1538KJ heat from 250gm of fuel while 
conventional stove utilizes only 378KJ of 
heat from the same quantity of the fuel. 
Smoke reduced hot water stove utilizes 
1160KJ more heat than conventional stove. 
(Table. 3) 

Table 3 : Heat utilized by smoke reduced hot water stove and conventional stove 

S/N Type of fuel 
Heat utilized (KJ) 

Smoke reduced hot water stove Conventional stove 

1 Fuelwood (subabhul) 2348 546 

2 Gobar cake 1538 378 

3 Cotton residue 1116 252 

4 Pegion pea residue 1871 315 
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Cotton residue 
Both the smoke reduced hot water stove and 
conventional stove are tested for utilization of 
heat energy by using cotton residue as a fuel. 
The smoke reduced hot water stove utilizes 

1116KJ heat from 250gm of fuel while 
conventional stove utilizes only 252KJ of heat 
from the same quantity of the fuel. Smoke 
reduced hot water stove utilizes 864KJ more 
heat than conventional stove (Fig. 3). 

 
Fig. 3 :  Heat utilized by smoke reduced hot water stove and conventional stove against 

different fuel 

Pigeon pea residue 
Both the smoke reduced hot water stove and 
conventional stove are tested for utilization of 
heat energy by using pigeon pea residue as a 
fuel. The smoke reduced hot water stove 
utilizes 1871KJ heat from 250gm of fuel while 

conventional stove utilizes only 315KJ of heat 
from the same quantity of the fuel. Smoke 
reduced hot water stove utilizes 1556KJ more 
heat than conventional stove. The benefits of 
the smoke reduced hot water stove are 
summarized below (Table. 4). 

 
Table 4 : Benefits of smoke reduced hot water stove 

S/N Summarized benefits of smoke reduced hot water stove 

1 Social benefits 
 

Less time spent cooking and collecting wood 
Reduction in indoor air pollution means healthier women and healthier 
families 

2 
Economic 
benefits 
 

Fit with all types of biomass fuel makes the stove an economical 
cooking solution 
No recurring or running costs 
Metallic construction gives stove a longer life 
Less indoor pollution means healthier families and less spending on 
medical care 
Employment generation through local fabrication and creation of 
entrepreneurs 
Entrepreneurs earn significant supplementary income making and 
selling stoves 

3 
Environmental 
benefits 
 

Lower fuel wood consumption 
Less need to cut trees for firewood, therefore increased green cover 
Reduced carbon emissions and indoor air pollution levels 

4 Health benefits 
 

Healthier indoor air quality benefits young children and women who 
spend maximum amount of time in and around the kitchen 
Easy cleaning option reduces risk of injury 
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CONCLUSION 
The energy crisis and indoor air pollution are 
the major social and environmental issues and 
any contribution in these sectors significantly 
benefits to environment and society. To meet 
the growing need of energy in rural area for 
domestic use, scientists all over the world 
come out with several technology options for 
mitigating the gravity of the problem. In this 
context, one such technology option that made 
its formal entry into the Indian homes is the 
smoke reduced hot water stove. Results 
obtained during the testing of smoke reduced 
hot water stove are encouraging but still fuel 
efficiency has not been addressed to the 
required extent. During this study attempt has 
been made to overcome different difficulties 
encountered during cooking in rural area. 
In smoke reduced hot water stove, energy lost 
through radiation and convection is utilized for 
heating of water. Due to use of oxidation net, 
air circulation is enhanced and availability of 
oxygen for combustion is increased. It resulted 
in high fuel efficiency through complete 
combustion of fuel and significantly reduced 
the indoor air pollution as smoke is being 
carried out off the house. The stove is very 
convenient for operation on agricultural 
residue like pigeon pea, cotton etc. During the 
field testing, it has been observed that, energy 
efficiency of improved stove is more than 
twofold of conventional stove.  The villagers, 
especially women showed keen interest in this 
model and willingness to install in their homes. 
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I think the environment should be put in the category of our national security. 
Defense of our resources is just as important as defense abroad. Otherwise what is 
there to defend? 

Robert Redford 


