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Abstract This article presents the experimental study and
comparative performance evaluation of four types of cook
stoves using energy and exergy analysis. Analysis of four
different types of cook stove models viz. Envirofit, Mangla,
Harsha and Vikram were selected and the water boiling test
has been carried out. The suitable biomass available from
the local market was prepared in the proper size as
described in the Bureau of Indian Standards (BIS) and has
been used as the fuel for cook stove in this experimental
study. The aluminium pots of proper capacity as per BIS
standard have been used for different cook stoves. The data
from the experiments was collected and evaluated for the
energy and exergy efficiencies for different models. Based
on the data analysis it is found that the exergy efficiency is
much lower than that of the energy efficiency for all the
four models. It is also found that the both the efficiencies of
Envirofit model are found to be higher than those of other
models studied here.
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List of symbols

Cl Calorific value of wood (kcal/kg)

c Calorific value of kerosene (kcal/kg)
Cp Specific heat of water (J/kg K)

Cpa1  Specific heat of Aluminium (J/kg K)
d Density of kerosene (g/cc)

Ex;, Exergy input (J)

Ex, Exergy output (J)

Ei Energy input (J)

E, Energy output (J)

f Initial temperature of water for thermal efficiency
test (°C)
A Final temperature of water in last vessel at the

completion of test (°C)

M, Initial mass of the cook stove with test fuel in (kg)

M, Mass of the cook stove, after burning the test for
half an hour (kg)

mywa  Mass of wood (kg)

mpo  Mass of pot (kg)

n Total number of vessels used

Py First pot

P, Second pot

Ps Third pot

Py Fourth pot

Trw Final temperature of water (K)

T; Initial temperature of water (K)

T Final temperature of pot (K)

T;, Initial temperature of pot (K)

T, Ambient temperature (K)

Temperature of burning fuel (K)
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w Mass of water in vessel (kg)

w Mass of vessel complete with lid and stirrer (kg)
X Mass of fuel consumed (kg)

X Volume of kerosene consumed (ml)

Greek symbols
n  Energy efficiency (%)
Y Exergy efficiency (%)

Subscripts

1 Initial state

2 Final state

a Ambient

Al Aluminium

in  Input

ip  Initial state of pot
iw  Initial state of water
fp  Final state of pot
fw  Final state of water

0 Output
wd Wood
Introduction

Majority of households in rural India still use biomass as
fuel for cooking and heating purposes as the percentage of
households using LPG is mere 9% [1]. The biomass is the
source of energy for cooking and space heating since time
immemorial. Coal or biomass like wood, crop residues,
cattle dung and charcoal for their cooking and heating
needs is used by almost half of the world population and
about 90% of rural population in the developing nation like
India. However, biomass is replaced by the gaseous fuels
like LPG and natural gas in developed countries and most
urban homes in the developing world [2]. Census data 2001
[3] indicated that the traditional energies is being used by
approximately 72% of the population of India for their
cooking needs, of which over 89% of this population lives
in rural areas [4].

Total biomass power potential of entire country is
19,500 MW [5] and a very small percentage it is being
tapped till date. Therefore, a huge potential of this energy
source is untapped. Large amount of energy is used for the
household applications in which energy consumption for
cooking plays a major part. Traditional cook stoves or
chulhas having thermal efficiencies below 10% emit large
amount of pollutants, are used by most rural households in
the developing countries for cooking applications. Because
of poor thermal efficiencies, traditional chulhas consume
large quantity of fuel which ultimately results in a large
amount of time spent for collecting fuels. Also due to these
in rural households, women and children are often exposed
to high levels of pollutants, for 3-7 h daily over many
years [6]. The concentration of SPM rises to 3—-6 mg/m3
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and that of CO is 5-50 ppm [6] according to studies on
indoor air pollution. Indoor air pollution is responsible for
2.7% of diseases globally [7]. There are strong evidences to
show the relation between exposure to such emissions and
acute respiratory infections in children, with estimated two-
to three-fold increase in incidence and mortality due to the
exposure to these emissions [8]. MacCarty et al. [9] worked
on the global warming impact of various types of cook
stoves. They found that for sustainable harvesting situa-
tions where CO, emissions are considered neutral, 50-95%
overall warming impact from the product of incomplete
combustion (PICs) can be reduced from few cook stoves
with rocket-type combustion or fan assistance. However,
for non-sustainable situations, 40-60% warming impact
can be reduced by three types of improved combustion
methods. Also they found that the charcoal burning emit
less CO, than that of wood burning. Therefore, there is
need of research, development and dissemination of
improved cook stoves that leads in the reduction of con-
sumption for cooking, cooking time and indoor air pollu-
tion. Also helps in the improvement of quality of life in
rural households and reduction in the emission of pollu-
tants in the environment. A detailed design principle for
wood burning cook stove is given by Bryden et al. [10].

Owing to the energy crisis in the 1970s, improvement in
biomass burning cook stoves to save large quantity of fuel
consumed by these cook stoves was considered as an
urgent need and many countries across the world started
working on the same. Several developing countries started
national level programmes on the research, development
and dissemination of improved cook stoves. National
Program on Improved Cook stoves (NPIC) initiated in the
year 1983 by the Ministry of New and Renewable Energy
(MNRE), Government of India. Since, than many efforts
and researches were conducted to augment the thermal
efficiencies of cook stoves and to reduce the indoor air
pollution levels. Learning from the experiences of this
programme, it is found that there is a need of new initiative
on cook stoves with a different approach considering the
changes that have taken place in the society, technology
and the global concerns. A meeting was organised by
MNRE in 20009 to start a programme with a new approach
[5, 11].

Several studies on energy and exergy analysis of woody
biomass, herbaceous and agricultural biomass were repor-
ted in the literature [12]. A study by Zhong et al. [13]
revealed that biomass is converted to a liquid fuel with an
approximately high energy, which is called bio-crude. The
maximum exergy efficiency of this process can be as high
86% and was calculated based on the equations developed
by Szargut et al. [14]. An energy analysis of rape seed oil
methyl ester was investigated by Kalinci et al. [15] and
found that process analysis method is a common method to
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obtain reasonable data for energy and exergy analysis.
Chemical exergy of liquid fuels was calculated and esti-
mated chemical exergy of rape seed oil and RME was
reported to be 44.5 and 50.5 MJ/kg. Ojeda et al. [16]
evaluated lingo-cellulosic biomass and calculated exergy
of main stream process such as re-treatment, fermentation
and separation. According to Dincer et al. [17] to harvest
good results or to get better thermal efficiencies of any
system not only quantity but also the quality of energy
should be considered. It was found the energy efficiencies
are usually lower than the energy efficiencies as some of
input is lost because of inevitable circumstances. Saidur
et al. [18] had done the literature survey on the exergy
analysis of various biomass viz. herbaceous and agricul-
tural biomass, woody biomass, contaminated biomass and
industrial biomass, aquatic biomass. In their study they
found that gasification, methanation and CO, removal are
the main sources of exergy losses.

This study deals with the comparative performance
evaluation of four different models viz. Envirofit, Mangla,
Harsha and Vikram of improved cook stoves using energy
and exergy analysis. From the study it is found that the
exergy efficiency is much lower than that of the energy
efficiency for all the four models. It is also found that the
both the efficiencies of Envirofit model are found to be
higher than those of other models studied here. Energy
analysis of improved cook stoves was done earlier but the
work on exergy analysis of improved cook stoves is scant.
Therefore, this study is expected to fill this gap of exergy
analysis of improved cook stove in order the make them
more thermal efficient.

Materials and methods

In this experimental study, the comparative energetic and
exergetic analysis of four different types of improved cook
stoves has been carried out for which following materials
were used.

Materials

Four improved cook stove models selected in this study are
given as below:

1. Envirofit Place a smaller demand on their forest and
emit less green house gases [19].

2. Vikram This model dose not requires specialised fuel
as it is affordable for rural households, abundant
oxygen supply ensures smoke-free heating [20].

3. Mangala Having two opening/mouth to keep the
cooking pots and helpful for cooking two meals at a
time.

4. Harsha A variety of solid fuels, wood, twigs, leaf,
dung cake, agricultural waste, raw coal, briquettes,
etc., can be burnt in the stove at high thermal
efficiency [21]

As per the Bureau of Indian Standards [22], water
boiling test of all above mentioned four cook stoves were
performed and the following instruments/equipments have
been used:

(a) Glass cylinders for measuring water

(b) Platform balance

(c) Aluminium vessels with lids of proper volumes as per
BIS standard

(d) Kerosene oil to ignite the process

(e) Match stick

(f) Selected models of improved cook-stove

(g) Stopwatch

(h) Thermometer/Thermo-couple

(i) Bomb calorimeter

(G) Wood fuel in proper size

Methods

Thermal efficiency of a cook stove is defined as the ratio of
heat actually utilized to the heat theoretically produced by
complete combustion of a given quantity of fuel wood,
which is based on the calorific value of a particular fuel
wood. To carry out thermal efficiency of a cook stove few
measurements were carried out as below:

Determination of burning capacity rate

If the fuel burning rate per hour is not given by the man-
ufacturer, it need to be determined in order to chose the
capacity of cooking pot and the amount of water to be
taken at a time as per BIS standard. To do so, we stacked
the combustion chamber with test fuel in honey-comb
fashion up to third-forth of the height of the cook stove in
the pattern recommended. To ignite the fire 10-15 ml of
kerosene oil has been sprinkled on the fuel wood from the
top of the cook stove and fire lighted using match stick box.
The weight of the cook stoves along with wood fuel was
measured before igniting the fire and again it was done
after half an hour of burning the wood fuel as per the
procedure given in BIS standard [22]. To calculate the
burning capacity of the cook stove, the following equation
was used [22]:

Heat input per hour = 2(M; — M,)XCV; kcal /h (1)

where M is the initial mass of the cook stove with test fuel
in kg, M, is the mass of the cook stove, after burning the
test for half an hour in kg and CV; is the calorific value of
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the test fuel wood in kcal/kg, and this weighing applies
only to portable metal stoves, like the present one.

Determination of size of vessel and quantity of water

The size and dimensions of the vessel and the quantity of
water to be taken in each vessel at a time for the thermal
efficiency test shall be selected from the table given in BIS
standard [22], depending upon the burning capacity rate of
the cook stove. After doing preliminary calculations for
each cook stove model using Eq. 1, it is found that the
quantity of water to be taken in each pot for water boiling
test for the present cases is to be 8 I for the Vikram model
and 10 1 for others cook stoves viz. Envirofit, Harsha and
Mangla models.

Calculation for the thermal efficiency

As mentioned above, the thermal efficiency of a cook stove
is defined as the ratio of heat actually utilized to the heat
theoretically produced by complete combustion of a given
quantity of fuel wood, which is based on the calorific value
of a particular fuel wood and is given as below:

Thermal efficiency (%) = Utilized heat/Heat produced
% 100 2)

where the utilized heat is the amount of total heat gained by
the water in individual experiment and the heat produced is
the amount of heat produced after the complete combustion
of the fuel wood consumed in a particular experiment and
given as below:

Heat utilized = (n — 1)(Wx0.896 + wx4.1868)(f> — f1)
+ (Wx0.896 + wx4.1868)(fs — f1) kJ

(3)
Heat produced = 4.1868[(Xxc1) + (xdc,/1,000)] kI (4)

water in vessel, in kg; W is mass of vessel complete with
lid and stirrer, in kg; X is mass of fuel consumed, in kg;
¢ is calorific value of wood, in kcal/kg; x is volume of
kerosene consumed, in ml; ¢, is calorific value of
kerosene, in kcal/kg; d is density of kerosene, g/cc; f; is
initial temperature of water in °C; f; is final temperature
of water in last vessel at the completion of test °C and
n total number of vessels used.

Before starting the experiment, some measurements
like volume of water, weight of wood, volume of kerosene
for the ignition of wood, weight of empty aluminium vessel
were measured. Then the fuel wood available from the saw
mill cut in proper dimension as per BIS standard after-
wards, the wood logs (1-2 kg) of proper dimensions were
arranged in honey-comb manner inside the improved cook
stove models to be analysed. A known minimum volume of
kerosene (which varies for different models) was poured
over the wood logs to initiate the ignition process and fire
was lighted with a match stick. Aluminium vessels having
known volume of water were placed on the cook stove after
igniting the fire in the wood log placed in honeycomb
fashion inside the cook stove. The readings of water tem-
perature, pot temperature, pot cover temperature, outer
surface temperature of the cook stove, etc., were taken
periodically after an interval of 5 min. As the first pot
reaches to the test temperature of about 80 °C, the second
pot placed on the cook stove and the data was measured in
the similar way as for the first pot. The experiment was
continued and the pot being replaced until the complete
fuel wood consumed properly for water boiling/heating
process. The calorific value of wood and kerosene were
determined with the help of Bomb calorimeter to make
results more precise.

Energy and exergy analysis

Basic equations used in the analysis are given in the earlier
section and the performance evaluation of four different

Thermal efficiency (%) = (Heat utilized/Heat produced) x 100
[(n — 1)(Wx0.896 + wx4.1868)(f> — f1) + (Wx0.896 + wx4.1868)(f3 — fi)] x 100 (5)

4.1868[(Xxcy) + (xdca/1,000x)]

The specific heat of aluminium is taken to be 0.896 kJ/
kg °C and the other parameters used in the above
equations are defined as below: where w is mass of
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types of cook stoves has been carried out using energy and
exergy analysis following earlier authors [23-25] as
below:
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Energy analysis

An energy balance for the overall process can be written as:

Energy input - [Energy recovered + Energy loss]
= Energy accumulation

Energy input is given by:
En = myac) +x X d X ¢ (6)

where myq 1s mass of wood, c¢; is calorific value of wood,
and ¢, is calorific value of kerosene, x is volume of
kerosene, d is density of keroseneEnergy output is given by

E, = mWCp(TfW - le) + mpolCPAl(Tfp =T ) (7)

where Cp is specific heat of water, Ty, is final temperature
of water, T, is initial temperature of water, Cp 4 is specific
heat of Aluminium, m,, is mass of pot, Ty, is final tem-
perature of pot and Tjp, is initial temperature of pot.

Exergy analysis

An overall exergy balance can be written as:

Exergy input — [Exergy recovered + Exergy loss]

— Exergy consumption = Exergy accumulation
Exergy input is given by:
Exi, = mwdcl(l — Ta/Tfuel) XN, +x X d X co (8)

where T, is ambient temperature, Ty, iS temperature of
burning fuel.

However, exergy input can also be by chemical exergy
of solid industrial fossil fuel, which can be expressed as
follows:

& = [(NCV)” + e 9 )

where Ay, is enthalpy of evaporation of H,O at standard
temperature, for water substance at T = 298.15 K, hg, =
2442 kJ/kg, w is mass fraction of moisture in fuel, NCVY s
net calorific value of moist fuel.For dry organic substances
contained in solid fossil fuel consisting of C, H, N and O
with mass ratio to carbon 2.67 > o/c > 0.667, which in
particular includes wood.

10438+ 0.18822 — 0.2509(1 4 0.7256%) 4 0.0383
Pary = 1-030352

(10)

where ¢, h, n and o are the mass fractions of C, H, N and O,
respectively.

The exergy input can be given by both the Eqs. 8 and 9,
whichever is more appropriate is yet to be ascertain and

further work in this direction going on in this research
group.

The energy output is given by:
Ex, = mwcp(wa - le)(l - Td/TfW)

11
My Cpm(Try — T)(1 — T/ Try) (D

In general energy efficiency is defined as the ratio of output

energy to input energy and given by:
_ Energy c?utput _ E (12)

Energy input  E;

In general, exergy efficiency is defined as the ratio of

output exergy to the input exergy and given by:

_ Exergyoutput  EXx,

= 13
Exergyinput  Ex;, (13)

Results and discussion

The performance evaluation and experimental study of four
different cook stove models such as Envirofit, Mangla,
Harsha and Vikram have been carried out for water boiling
test following BIS standard [22]. All these cook stove
models were evaluated for water boiling test with specific
quantity of water in the Aluminium container using the
same type of fuel wood prepared as per the BIS standard.
The photographic view of various cook stove models
during study is given in Fig. 1. The quantity of water in the
container was calculated using heating capacity rate of the
individual cook stove given in Eq. 1, while the fuel wood

Fig. 1 a Envirofit model. b Harsha model. ¢ Mangla model.
d Vikram model. Photographic view of various cook stove models
during experimental study
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was taken arbitrarily available at the time of each experi-
ment. For example, Envirofit model was tested and eval-
uated using 1.98 kgs of wood fuel prepared as per the
manual having 10 1 of water in each aluminium container
and total 40 1 of water has been used as per the test pro-
cedure. The Mangla model was studied with 10 1 of water
in each pot and 1.34 kgs of wood fuel, while the Vikram
model was evaluated using 8 I of water in each pot and
2.0 kgs of wood fuel. On the other hand, Harsha model was
evaluated with 10 1 of water in each pot and a total wood
fuel of 1.48 kgs.

As the quantity of water in each pot was chosen as per the
burning rate and power output of the individual cook stove
given in the BIS standard and the quantity of wood is taken
arbitrarily as per the availability of prepared wood fuel at the
time of each experiment. So more than one pot was used for
each cook stove and the data for all pots for each cook stove
was collected. The instantaneous energy and exergy effi-
ciencies have been evaluated and plotted against the heating
time in the graphs as shown in Figs. 2, 3, 4, 5 and 6 and the
discussion of results for each cook stove is given individually
along with the comparison among them as below:

Envirofit model

As mentioned above, the Envirofit cook stove has been
evaluated experimentally with 10 I of water in each pot and
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Fig. 2 Energy and exergy efficiencies versus time of different pots
for model “Envirofit”
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Fig. 3 Energy and exergy efficiencies versus time of different pots
for model “Mangla”
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Fig. 6 Variation in efficiencies of different models

total four pots were used consuming 1.98 kgs of wood fuel
prepared as per BIS standard [22]. The temperatures of the
pot, pot cover, ambient air, water and the outer surface of
the cook stove were measured at an interval of 5 min. The
energy and exergy efficiencies were evaluated and plotted
against the heating time in Fig. 2. It is seen from Fig. 2 that
the energy efficiency increases with time for the first pot,
while it decreases first sharply and then slightly and again
sharply for the last pot (pot 4). On the other hand, for
second pot (pot 2) the energy efficiency first sharply
decreases then gradually increases, attains its peak and then
slightly decreases as the heating/boiling time increases.
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Whereas, for the third pot (pot 3) the energy efficiency first
slightly decreases and then increases, attains its peak and
again decreases with the heating time.

Similar results were observed for the exergy efficiency
with a slight difference than that of the energy efficiency
for the third pot (pot 3). The exergy efficiency for the third
pot first increases sharply, attains its peak and then
decreases sharply as can bee seen from Fig. 2. Also the
peaks in the energy and exergy efficiencies for second and
third pots are found to be at almost the same time as can be
seen from Fig. 2, however, the peak for the third pot (pot 3)
is found to be higher than that of the second pot (pot 2) for
both the cases. Again, the energy efficiency for all the cases
is found to be much higher than that of exergy efficiency,
which can be explained in terms of the quality of energy
gained by the hot water during the testing procedure of our
experimental study.

Mangla model

This model was studied with 10 1 of water in each pot and
1.34 kgs of prepared fuel wood and as mentioned earlier,
two pots can used at a time in this particular model. A
smaller quantity of wood fuel (1.34 kgs) was taken and
total four numbers of pots were used due to the fact that
only limited number of pots are available in our laboratory
at the time of experimental study of these cook stoves. The
energetic and exergetic performance of Mangla model
cook stove are shown in Fig. 3. It is seen from this figure
that energetic efficiency for pots 1 and 2 first increases
sharply, attains its peak and then decreases sharply and
again increases sharply, attains its second peak and finally
decreases slowly. The exergetic efficiency for pots 1 and 2
first increases sharply, attains its peak and then decreases
sharply and again increases first sharply and then slowly.
On the other hand, the energy efficiency first decreases and
then increases, attains its peak and then fluctuates and
finally goes down, while the exergy efficiency for the third
and forth pots (pots 3 and 4) first fluctuates and then
increases, attains its peak and then fluctuates and finally
goes down as the heating time increases.

Also the peaks for the second and fourth pots (pots 2 and
4) for both the efficiencies are found to be higher than those
of first and third pots (pots 1 and 3) as can be seen from
Fig. 3. This is due to the fact that the maximum energy
gain is observed in the second opening (mouth), as there is
no option for the passage of the exhaust in the first opening
(mouth) of this dual pot Mangla model cook stove and the
flue gas passes through the second opening (mouth) only
because the first opening is completely covered by the pot.
As a result, we obtained the better performance for the pots
kept on the second opening (mouth) of the cook stove viz.
for pots 2 and 4 as can be seen from Fig. 3.

Vikram model

In this particular model 10 1 of water in each pot with total
four numbers of pots along with a total quantity of 1.48 kgs
of prepared fuel wood were used in the experimental study.
The energetic and exergetic performances of Vikram
model cook stove are shown in Fig. 4. For the first pot the
energy efficiency first decreases slightly and then increases
sharply, while the exergy efficiency first slightly increases,
then decreases slightly and finally increases sharply with
time as can be seen from Fig. 4. On the other hand, the
exergy efficiency for the forth pot (pot 4) first increases
sharply and then slightly with time. Except the two cases
mentioned above, it is clear from Fig. 4 that both the
efficiencies first sharply increase, attain their peaks and
then sharply decrease with respect to time. The peak for the
energy efficiency is almost at the same time for different
pots, while it is slightly at different time for the exergy
efficiency in the case of the forth pot (pot 4) as can be seen
from Fig. 4.

It is also found that the heating time for the last three
pots is much lesser than that of the first pot, which is due to
the fact that the Vikram model took more time in the
ignition at the starting of the experiment. However, due to
openings all around for inlet air the combustion occurs at a
faster pace and hence, the heating time for other pots
decreases which can also be clearly seen from the energy
and exergy efficiencies graph (Fig. 4) for the first pot in the
last phase.

Harsha model

For Harsh model cook stove 10 1 of water in each pot with
total three numbers of pots along with a total quantity of
1.48 kgs of prepared fuel wood were used in the experi-
mental study and the observations are plotted graphically in
Fig. 5. Figure 5 shows the variation of the energetic and
exergetic performance of the Harsha model cook stove
against the heating time for 10 1 of water in each pot with
three numbers of pots as mentioned above. For the first pot
(pot 1) it is seen from this graph that the energy efficiency
first slightly decreases and then sharply increases, attains
its peak and then goes down sharply, while the exergy
efficiency first slightly and then sharply increases attains its
peak and then goes down sharply. On the other hand, both
the efficiencies first increase sharply, attain their peaks and
then goes down sharply towards the last phase of the
experiment for the second pot (pot 2). Whereas for third
pot (pot 3) both the efficiencies first decrease and then
increase, attain their peaks and then goes down in a fluc-
tuating manner as can be seen from Fig. 5.

Also for the first and second pots, the peaks for both
energy and exergy efficiencies are at larger interval unlike
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other cook stove models mentioned above, however, the
peak for the exergetic efficiency is found to be in the
similar range qualitatively unlike the energy efficiency
peak as can be seen from Fig. 5. Again the exergetic per-
formance is found to be much lower than that of the
energetic performance for all the pots used in this particular
model and hence, in the similar trend those of other cook
stoves. It is also observed that the heating/boiling time for
the first pot in this particular model is found to be the
shortest than those of other model, which shows the fast
ignition process and merit of this particular model over
other type of cook stove models.

The results obtained for this particular model are mixed
but slightly different from other models. For example, for
the first pot (pot 1) there is a similarity in the energy and
exergy efficiencies with other models as can be seen from
Figs. 2, 3, 4 and 5, while towards the end of the experiment
these results are different from other models. In other
words, the energy and exergy efficiencies for all models
increases slowly for longer period of time, while it is not
the case for Harsha model as can be seen from these graphs
mentioned above. This is may be due to the fact that in the
Harsha model cook stove the ignition process is faster than
other types of cook stove models. As a result, we get the
shorter curve for the first two pots (pots 1 and 2), while for
the third pot (pot 3) the heating power rate of the cook
stove decreases slowly and hence, the heating time pro-
longs as can be seen from Fig. 5.

Comparison among different cook stoves

The comparison for total energy and exergy efficiencies
among all four cook stove models is shown in Fig. 6 for a
typical set of operating parameters mentioned above. It is
seen from this figure that the energetic performance of all
cook stove models is much higher than that of exergetic
performance, which is due to the fact that the quantity of
energy gained in the hot water for each model is much
lesser than the quality of energy gained due to temperature
constrained and hence, it is an obvious fact in all thermal
energy systems. Also both the energetic and exergetic
performances of the Envirofit model cook stove are found
to be much better than other types of cook stove models
followed by the Harsha model cook stove as can be seen
from Fig. 6. Again the energetic performance of the Vik-
ram model cook stove is found to be the lowest whereas the
exergetic performance of the Mangla model is found to be
the lowest among all cook stove models studies here.

In other words, the Mangla model is found to be better
than that of the Vikram model as far as energetic perfor-
mance is concerned, while it is found to be reverse in the
case of exergetic performance. Since exergetic perfor-
mance is the true measure of any thermal energy system
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and hence, the Vikram model is found to be better over the
Mangla model cook stove, whereas the Environfit model is
found to be the best and the Harsha model falls somewhere
in the middle from the point of view of thermodynamics as
well from the point of view of economics.

Also for the Envirofit model the heating/boiling time for
the first pot (pot 1) is found to be the longest followed by
the Mangla model, while it is found to be the least in the
case of Vikram model, whereas, it is found to be the second
lowest in the case of Harsha model cook stove. This shows
that the ignition time for Vikram model is the shortest
followed by Mangla and Harsha models, while it is found
to be the longest in the case of Envirofit model.

Conclusions

This study deals with the comparative exergetic and ener-
getic analysis of four different types of cook stove models
based on the experimental observation using different size
of pots described in the BIS standard and quantity of well
prepared fuel wood arbitrarily available at the time of
experiment. From the above discussion, the merits and
demerits of each cook stove model evaluated experimen-
tally has been narrated in detail and it is found that each
model has some specific quality over the other models.
From this experimental study and based on the discussion
of results the following conclusions are drawn.

e Both the efficiencies of Envirofit model is found to be
the higher than that of rest of the three models, i.e.
performance of Envirofit model is found to be the best
among the all four models. The average exergetic and
energetic efficiencies of second and third pot is always
higher than that of first and fourth pot in case of
Envirofit and Vikram models of cook stoves. However,
In case of Envirofit model both the efficiencies for
second pot are higher than that of first pot and that of
fourth pot is higher than that of third pot.

e For all cook stove models, the energy efficiency is
found to be much higher than that of exergy efficiency,
which can be explained in terms of the quality of
energy gained in the hot water. In other words, the
energy gained by the hot water is much higher that the
exergy gained by the hot water at that particular
temperature and hence, we gets the results obtained in
these figures.

e The energetic performance of the Vikram model cook
stove is found to be the lowest whereas the exergetic
performance of the Mangla model is found to be the
lowest among all cook stove models studies here. Also
both the energetic and exergetic performances of the
Envirofit model cook stove are found to be much better
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than other types of cook stove models followed by the
Harsha model cook stove.

e The Mangla model is found to be better than that of the
Vikram model as far as energetic performance is
concerned, while it is found to be reverse in the case of
exergetic performance. Since exergetic performance is
the true measure of any thermal energy system and
hence, the Vikram model is found to be better over the
Mangla model cook stove, whereas the Environfit
model is found to be the best and the Harsha model falls
somewhere in the middle from the point of view of
thermodynamics as well from the point of view of
economics.

e In the case of Envirofit model the heating/boiling time
for the first pot (pot 1) is found to be the longest
followed by the Mangla model, while it is found to be
the least in the case of Vikram model, whereas, it is
found to be the second lowest in the case of Harsha
model cook stove. This shows that the ignition time for
Vikram model is the shortest followed by Mangla and
Harsha models, while it is found to be the longest in the
case of Envirofit model.

e For Harsha model cook stove, both the efficiencies for
second pot are higher than that of first and third pot
which may be due to the fact that in this particular case
only three pots have been used. Also for the first and
second pots, the peaks for both energy and exergy
efficiencies are at larger interval unlike other cook
stove models mentioned above, however, the peak for
the exergetic efficiency is found to be in the similar
range qualitatively unlike the energy efficiency peak for
this particular model.
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