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ARTICLE INFO Abstract

Biomass cookstove is widely used in the rural areas of Nepal for cooking and space heating.
Its thermal and emission performance keeps importance environmentally, economically and
socially. Chimney operated two pot raised mud Improved Cookstove (ICS) is one of Nepal’s
most promoted cookstoves. The goal of this study is to evaluate the thermal and emission
performance. Thermal and emission performance has been obtained by water boiling test
and emission parameters have been measured by using Laboratory Emissions Monitoring
System (LEMS). The thermal efficiency of cookstove has been improved from 17.99% to 24.7
% i.e. Tier 1 to 2 with the fabrication of appropriate material and accessories. Similarly total
emission performance has been found in Tier 1 and fugitive emission performance has been
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opening for air fuel mixture inlet [7], size of intercon-
necting tunnel to create the turbulence of the inflowing

Biomass is one of the readily available sources of re- air [7], better thermal properties and structural strength
newable energy that has long been used for the purpose 8]

of cooking and space heating. In the context of Nepal.
About 60.9% of Nepalese people are using fuelwood for
cooking purposes [1]. By enhancing thermal efficiency
and combustion performance, the use of improved cook-

1. Introduction

The primary air entering through the grate is heated by
the char and ash which results in better combustion and
increases thermal efficiency of the coostove [9]. The

stove can reduce energy consumption, contribute to envi-
ronmental aspects and human health [2]. By improving
the thermal efficiency of cookstove and by optimally
using the biomass fuel, fuelwood consumption and sub-
sequent environmental pollution can be reduced [3].
Around 1.3 million improved cookstoves have been dis-
seminated to date, and about 2 million people are still
using traditional cookstove.

Thermal efficiency can be increased by using appropri-
ate chimney in the cookstove for draft and to reduce
indoor air pollution [4, 5], optimum combustion cham-
ber height for complete combustion [6], optimum side
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thermal efficiency of the cookstove can be improved by
garte from 3% to 5% [10].

Cookstoves have multiple advantage such as carbon
credits, their contribution to climate-change mitigation
as well as yield significant co-benefits in terms of energy
access for the pro poor people. Furthermore, they can
result in improved rural health, environmental, agricul-
tural and economic benefits [11].

Most of the people are using traditional cookstove which
has low thermal efficiency and emission performance.
It is affecting adversely economic, environmental and
human health. So, thermal and emission performance
keeps importance for promotion of better cookstove in
the rural area.
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The objective of this paper is to test thermal efficiency
performance and emission performance.

2. Materials and methods

This includes performance test of existing cookstove, its
dimensional modification (i.e. the height of combustion
chamber, the height of chimney, the area of intercon-
necting tunnel, the opening), use of 2 cm grate and use
of insulation in the interior surface of combustion cham-
ber. During performance test, thermal and emission
performance have been measured.

Thermal efficiency test of cookstove has been done by
water boiling test of version 4.2.3.

Cookstove’s performance test has been done by water
boiling test at Renewable Energy Test Station Lab, Khu-
maltar Lalitpur.

Thermal efficiency of cookstove has been performed by
high power test with certain deviation. In this process,
water has been heated for one hour time with feeding
constant fuelwood with using test protocols of Water
Boiling Test 4.2.3. version [12]. Constant feeding rate
helped to supply constant power supply in the cookstove.
Exploring stove performance at both high and low power
output provides some indication of how a stove performs
in a variety of cooking conditions [13]. An excel sheet
provided by Global Alliance for clean cookstove has
been used for the calculation of thermal efficiency of
cookstove.

During water boiling test, emission parameters have
been measured by using Laboratory Emissions Mon-
itoring System (LEMS) manufactured by Aprovecho
Research Center. During emission measurement, Car-
bon monoxide (CO) and Particulate Matter (PM2.5)
production per MJ delivered to the pot has been mea-
sured. Particulate Matter (PM2.5) has been measured by
using gravimetric system which gives a direct measure-
ment of total PM using filter-based sampling. Similarly,
leakage emission (Fugitive emission) after removing air
from chimney has also been measured.

Clean cooking alliance [14] has developed five in-
dicators thermal efficiency, Carbon Monoxide Emis-
sions (gram/megajoule delivered), Fine Particulate Mat-
ter Emissions (milligram/megajoule delivered), Safety
score, and durability score from Tier O to 5. Tier O repre-
sents performance typical of open fires and the simplest
cookstoves. Among them, first three indicators has to
be determined in laboratory shown in Table 1.

The Tier performance of cookstove has been obtained
by linear interpolation of the data and Tier data provided
by Clean Cooking Alliance as shown in Table 1.

Table 1: Voluntary performance target

Tier  Thermal CO Emissions  PM, s
Efficiency (%) (g/1,) (mg/,)

5 > 50 <3.0 <5

4 > 40 <44 <62

3 > 30 <72 <218

2 > 20 <115 <481

1 > 10 <183 <1031

0 <20 > 18.3 > 1031

Performance tests of cookstove have been done for ini-
tial dimension coostove, best dimension cookstove with
dimension modification in the initial dimension cook-
stove, use of grate and insulation in best dimension
cookstove.

3. Result and discussion

3.1. 3.1 Thermal efficiency and tier
performance

Thermal efficiency of the cookstove is shown in Table
2 under various conditions. Thermal efficiency of ini-
tial dimension cookstove have been found 17.99% i.e.
its Tier performance has been found 1.8. Its thermal
efficiency has been raised to 22.4% with dimensional
modification i.e. Tier performance 2.24. Its thermal
efficiency has been found highest with the use of an insu-
lating layer on the inner surface of combustion chamber
cookstove. It thermal efficiency has been found 24.7%
and Tier performance has been found 2.47.

Table 2: Thermal efficiency and Tier of the cookstove

Stove type Thermal Tier
Efficiency (%)

Initial dimension  17.99 1

Best dimension 22.40 2

Best dimension

with 23.64 2

2cm grate

Best dimension

with 23.63 2

insulation

Best dimension

with insulation 24.70 2

and 2cm grate

3.2. 3.2 Emission result and tier

performance
Emission performance has been measured during ther-
mal efficiency test. In first test, total emission emitted
by cookstove has been measured and tabulated in Table
3. The emission of Carbon monoxide per unit of energy
supplied to the pot has been found 11.9 to 14.3 g/MJ,
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i.e. Tier performance 2. Similarly, PM,.5 emission per
unit of energy supplied to the pot has been found 545
to 776 g/MJ; i.e. Tier 2 performance.

Table 3: Total emission parameters obtained during
experiment

Stove type CcO Tier PM,; Tier
(gMJ,) (mg/MJ,)

Initial dimension  11.9 1.94 545 1.88
Best dimension 13.4 1.72 650 1.69
Best dimension

with 14.3 1.59 676 1.65
2cm grate

Best dimension

with 12.3 1.88 550 1.87
insulation

Best dimension

with insulation 13.1 1.76 650 1.69

and 2cm grate

In second test, only leakage emission (Fugitive emis-
sion) after passing flue gas from chimney been measured
and tabulated in Table 4. Carbon monoxide emission
per unit of energy supplied to the pot has been found
0.09 to 0.11 g/MJ,; which lies in Tier 5 performance.
Similarly, PM, 5 emission per unit of energy supplied to
the pot has been found to be 4 to 5 mg/MJ; which lies in
Tier 5 performances which meets the quality of indoor
pollution. So, after removal of exhausted gas through
chimney, kitchen performance has been improved. In
the absence of chimney, total emission total emission
will be more than standard. So, leakage emission from
cookstove may cause indoor pollution.

Table 4: Indoor emission parameters obtained during
experiment

Stove type (60) Tier PM,; Tier
(g/MJ,) (mg/MJ,)

Initial dimension  0.11 5 4 5

Best dimension 0.11 5 5 5

Best dimension

with 0.11 5 5 5

2cm grate

Best dimension

with 0.09 5 5 5

insulation

Best dimension

with insulation 0.09 5 4 5

and 2cm grate

3.3. Comparison of tier performance
Thermal efficiency, total and fugitive CO and PM emis-
sions have been compared.

Thermal efficiency and total emission performance com-

= Thermal efficiency uco =PM25

Best dimension with ~ Best dimension with ~ Best dimension with
m grate insulation insulation and 2 cm
grate

Initial dimension Best dimension

Figure 1: Thermal efficiency and total emission com-
parison

parison shown in Figure 1. The thermal efficiency of
existing cookstove has been found lowest tier in initial
dimension and in increasing trend with fabrication in
appropriate dimension, material and accessories. In this
type of cookstove, it has been found that CO emission is
better than PM emission in all cases. In best dimension
cookstove, thermal performance has been increased but
emission performance has been decreased. This is due
to decrease of combustion chamber height, this results
reduction of height for flame development. With the
use of grate in best dimension, thermal performance
has been increased but emission performance has been
decreased. This is due to further reduction in height
between the bottom surface of the pot and bed of the
cookstove. With the implementation of insulating layer
in the combustion chamber, thermal and emission per-
formance has been improved. This is due to increase
of temperature of combustion chamber which results
better pyrolysis and complete combustion. Thermal per-
formance has been found to be more enhanced with the
use of insulation layer and grate of 2cm thickness, but
emission performance has been found to be almost the
same as best dimension cookstove. In all cases, CO and
PM emission are in same trend which is also observed
by Agenbroad [5].

Thermal and fugitive emission performance compari-
son shown in Figure 2. In all cases, thermal efficiency
performance has been increased gradually and emission
performance has been increased to highest rank Tier
5. This meets the requirement for indoor pollution of
kitchen

After use of chimney, flue gas has been removed to
outside and only leakage cause emission in the room.
Comparison of CO and PM2.5 emission between to-
tal emission and fugitive emission shown in Figure 3.
This shows that fugitive emission has been found within
the standard. Kumar et al also concluded that chim-
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= Thermal efficiency =Co =PM25

5

Tier performance

0

Initial dimension Bestdimension  Best dimension with 2em  Best dimension with  Best dimension with
grate insulation insulation and 2 cm

grate

Figure 2: Thermal efficiency and fugitive emission com-
parison

OTotal emission CO OFusitive CO Total emission PM2.5 GFugisitve PM2.5

Tier performance

Best dimension  Best dimensionwith 2em  Best dimensionwith  Best dimension with
insulation insulation and 2 cm
grate

Initial dimension

Figure 3: Comparison of total and fugitive emission

ney cookstove significantly reduced human exposure to
hazardous combustion products including particulate
matter (PM) and CO [15].

4. Conclusions

The results from the study are below.

i The thermal efficiency of cookstove has been in-
creased from 17.99% to 24.7% i.e. Tier 1 to 2
with fabrication of appropriate dimension, mate-
rial and accessories.

ii Total CO and PM, 5 ranges have been found 11.9
to 14.3 g/MJ,; and 545 to 676 mg/MJ; respec-
tively which lies in Tier 2 performance.

iii Indoor CO and PM2.5 ranges have been found
0.09 to 0.11 g/MJ,; and 4 to 5 mg/MJ,; respec-
tively which lies in Tier 5 performance.

iv Thermal efficiency and fugitive emission perfor-
mance can be increased with appropriate dimen-
sion, material and accessories.
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