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ABSTRACT

Biomass continues to be relevant in the energy needs the world, especially developing nations.
A considerable part of biomass is in powdery form such as agricultural residues, obtained after
threshing and sawdust, which is a waste from timber industry. Transportation of biomass in
powdery form can be cumbersome and also costly. Combustion of powdery biomass in many
applications can be inefficient, and highly polluting. Thus, pelletization is being looked upon
as an important process in the effective use of biomass.

While a large body of literature is available on many aspects of pelletization and their
combustion, most studies on their combustion characteristics carry out combustion of these
pellets in controlled furnaces. These studies are relevant to use of these pellets in the furnace
of an industry fuelled by these pellets. However, there are some applications using pellets like
cookstoves of various sizes which may have natural convection induced flow of combustion
air, where every pellet gets ignited by the neighbouring pellet in an environment having
temperatures considerably lower than those in industrial furnaces. Such studies are not found
in the literature. Moreover, currently commercial pellets are available at a pellet density of
around 1200 kg/m?>. Studies on effect of density of a pellet on its combustion characteristics
both as a single pellet and in fixed bed are very limited. The present work aims to bridge this
gap by conducting the combustion experiments on single pellets as well as fixed bed mode in
ambient conditions for different density pellets with different biomass type and at different
dimensions. The experimental work was carried out in three phases.

Prior to combustion experiments, it was considered desirable to characterize the selected
biomass. This constituted phase-1 of experimentation. Three types of biomass were procured
from the market for preparing in-house pellets. Besides, three types of commercially available
pellets were procured. The biomass used in preparation of these pellets was also characterized
by crushing these pellets. Thus, in Phase-1, six types of biomass were tested for proximate,
ultimate and thermogravimetric analysis. Using TGA and DTG data for the selected biomass
types, many parameters relevant to combustion of biomass were determined.

The heating value of biomass was also determined experimentally. Review of literature on
estimation of higher heating value (HHV) showed that most correlations used data on dry basis,
while retaining ash as a constituent of the biomass. Since ash is inert and does not contribute
to the heating value of the biomass, it was considered desirable to develop such correlations
using data on dry ash-free basis. 14 such correlations were determined using ultimate analysis

data on dry ash-free basis or using proximate analysis data on dry ash-free basis or using both
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of these. Most of them had much better statistical indicators as compared to correlations from
the literature. The best goodness of fit was obtained from a quadratic correlation using
elemental carbon and hydrogen on dry ash-free basis.

The preparation of pellets using manual press and then a Universal Testing Machine (UTM)
also constituted phase-1, as did the testing of physical and mechanical properties. Twenty-seven
types of pellets were made in-house using three different biomass types at three different
diameters using three different loads resulting in different densities. These experiences showed
the importance of heating the die. Hence all subsequent pellets were prepared after heating the
die to 60°C. The density of pellets was measured, and the pellets were tested for their
compressive strength. The commercial pellets were also tested for their durability.

Phase-2 of experiments involved single pellet combustion in ambient conditions by igniting
them on a grate using a lighter. The measurements included mass of the pellet with time and
CO concentration at the exit of enclosure, where combustion was carried out. The data collected
was analysed to determine the effect of density, diameter and type of biomass on the mass loss
rate and emissions. Besides experiments, simulation of devolatilization of single pellet in an
inert environment was also carried out using OpenFoam software with reasonable agreement
of the simulation predictions with measured data. Density, diameter and biomass of the pellet
were found to play an important role in the mass loss rate and CO emissions. Larger density
pellets showed higher actual mass loss rate but lower normalised mass loss rate. They also
resulted in lower peak in CO emissions. Groundnut shell did not exhibit favourable behaviour
in these experiments with frequent need to reignite the pellet.

In phase-3 of the experiments, the combustion of commercially available pellets was carried
out in a fixed bed in the configuration of a Top-Lit Up Draught (TLUD) cookstove. Here, the
mass of the fuel bed, the flame temperature at the exit of cookstove, CO and PM emissions
were measured in real time. The data was analysed for dependence of burn rate in flaming and
char combustion periods on pellet diameter, length and type of biomass.

A methodology to determine burn rate in fixed bed TLUD configuration from single pellet
experiments has been proposed with very encouraging results. This methodology can be refined
with more focussed data collection and determining single pellet burn rate as a function of
relevant parameters.

Development of ignition pellets made of sawdust and candle wax for quick ignition of a fixed
bed of pellets has also been reported. These pellets get ignited in a second and burn long enough
for ignition of the bed. The simulation results for fixed bed combustion of pellets in TLUD

mode using an existing code have also been reported.
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