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ABSTRACT

More than 2.6 billion people across the globe do not have access to clean cooking facilities
and still rely on traditional open fired cookstoves to fulfil their cooking energy needs. These
traditional cookstoves are responsible for emissions of harmful pollutants into the environment
deteriorating the human health and environment. Gasifier based cookstoves are an attractive
option in comparison to traditional cookstoves as they offer higher efficiency, less smoke,
uniform flame, flexibility to vary power output, and do not require continuous attention of the
user during the operation. This study presents the development and optimization of biomass
pellet based clean cookstove for cooking/heating applications. The experimental testing
facilities have been established to investigate the thermal performance and emission
characteristics of any cookstove. The comparative performance evaluation of five different
cookstove models, including three forced draft cookstoves named as FD 1.1, FD 1.2, and FD
1.3, developed in the laboratory; a traditional cookstove; and LPG stove have been carried out
under the same laboratory conditions. Further, the annual fuel savings and emission reduction
potentials of these gasifier models have been estimated with respect to the baseline (traditional)
stove.

An extensive literature survey highlights a huge variation in performance parameters
among different cookstove models. Therefore, concept of star rating has been proposed in this
study to accommodate all the performance parameters of a cookstove model into a single
parameter based on the importance of each viz. PM2s, CO and thermal efficiency. The
performance of the developed forced draft cookstove models viz. FD 1.1, FD 1.2, and FD 1.3
have been compared with the traditional, LPG and other MNRE approved cookstove models
tested under similar operating conditions using star rating. It is found that FD 1.3 cookstove

model is 3 star, while FD 1.1 and FD 1.2 cookstove models are in the category of 4 star, while
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all other MNRE approved cookstoves ranged between 1 star and 3 star. Further, FD 1.2
cookstove model is found to be superior as compared to those of FD 1.1 and FD 1.3 models on
the basis of the proposed star rating.

A two-dimensional axisymmetric computational fluid dynamics (CFD) model of the
developed cookstove FD 1.2 has been created in ANSYS Fluent to analyze the fluid flow,
temperature distribution, and the heat loss from different parts of the cookstove. The primary
governing equations of continuity, momentum, and energy, and different models used to
simulate phenomenon such as combustion, turbulence, and heat transfer have been presented.
Grid independent test has been carried out by varying the mesh size to ensure the accuracy of
computational results. Furthermore, the computational results have been validated with the
experimental results acquired from the testing of the developed model FD 1.2. The simulation
results indicated that the heat loss from the combustion chamber to the outer wall is
predominant via conduction through the top plate of the cookstove and radiation from the outer
wall of the combustion chamber as compared to the convection through preheated secondary
air in the annulus chamber.

Thermal imaging test of FD 1.2 cookstove has also been carried out, and the outer surface
temperature of the cookstove is found to be significantly higher than the permissible limit of
60 °C as prescribed by Bureau of Indian Standards. The thickness of insulation required to
minimize the heat losses from the developed model has also been optimized and the influence
of primary and secondary airflow rates on the performance of the final prototype has been
investigated. Further, the effect of varying secondary airflow rates on the thermal efficiency
and emissions of CO, NO and PM: s at three different primary airflow rates has been analyzed.
The performance of the final prototype has also been compared with the initially developed

model, a traditional cookstove and an LPG stove. The emission factor of PM2s and CO
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emissions from the developed final prototype is found to be four times and ten times lower as
compared to the gold standard LPG stove, respectively.

The experimental results indicated that the pattern of secondary air introduction into the
cookstove significantly affects the thermal efficiency and emission characteristics of gasifier
models using processed biomass fuel. It has been observed that the uniform distribution of
secondary air into the combustion chamber results in better mixing of air with the volatiles,
leading to better emission characteristics. The thermal efficiency is found to be decreasing
gradually with an increase in secondary airflow rate at each primary airflow rate. The emissions
of CO and PM2 5 first decrease and, thereafter, increase with an increment in secondary airflow
rate for each primary airflow rate. However, the emissions of NO first increase, attain
maximum value and, thereafter, decline with increase in secondary airflow rate. The emissions
of CO and PM are higher at both low and high values of secondary airflow rates. Therefore,
an optimum secondary airflow rate exists, corresponding to the least emissions at each value
of the primary airflow rate. The primary to secondary air ratio of 2:3 resulted in the lowest

emissions of CO at different primary airflow rates.
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LMICs
LPG
MC
MNRE
NBIC
NPIC
oc
PAHSs
PM
SA
SGR
SUMs
TBU
TCS
TEG

Aprovecho Research Centre

Burning cycle test

Bureau of Indian Standards
Controlled cooking test

Cookstove durability test
Computational fluid dynamics
Differential thermal analysis
Elemental carbon

Fuel consumption rate (kg/h)
Flamelet generated manifold

Global Alliance for Clean Cookstoves
Greenhouse gases

Household air pollution
Heterogeneous testing protocol
Kitchen performance test

Low- and middle-income countries
Liquified petroleum gas

Moisture content

Ministry of New and Renewable Energy
National biomass cookstove initiative
National program on improved chulah
Organic carbon

Polycyclic aromatic hydrocarbons
Particulate matter

Stochiometric air requirement
Specific gasification rate

Stove use monitors

Technical Backup Unit

Traditional cookstove

Thermoelectric generator
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TGA
TSF
ucT
VFD
WBT

Thermogravimetric analysis
Three stone fire
Uncontrolled cooking test
Variable frequency drive

Water boiling test
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