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To meet in the on growing energy demands and to compensating for
the emissions caused due to fossil fuels biomass gasification process is
employed. Torrefied biomass gasification provides clean energy with
fewer emissions as compared to fossil fuels like coal.
In this paper an attempt has been made to study the viability of
torrefied biomass as an alternate source of fuel, its scope and
limitations in the gasification process. The torrefied biomass has been
found out to be a better fuel than the original biomass and quite
competent to coal in the gasification process. The paper is a review of
the integration of the torrefaction and the gasification process.
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1. Introduction
The last century witnessed a tremendous increase
in the fossil fuel use. With the tremendous increase in
the fossil fuel use the fossil fuel reserves started
depleting reaching an alarming state. The increase use
of fossil fuels is also causing rise in the emissions
caused due to their burning there by increasing the
pollution level and causing global warming.
A solution to the abovestated problem is to adopt
biomass gasification. Biomass gasification provides
syngas with fewer emissions as compared to fossil
fuels. A novel approach to biomass gasification is to
use torrefied biomass as compared to raw biomass for
the syngas production.

2. Gasification
Gasification is a process that converts organic or
fossil based
carbonaceous materials
into carbon
monoxide, hydrogen and carbon dioxide. The process
of gasification is carried out by reacting coal, biomass
or any other carbonaceous based organic substance at
high temperature of about 7000Cin the absence of
combustion and very little amount of oxygen or
steam. The gasifier is fed with a variety of biomass
fuels like charcoal, wood agricultural wastes, wood
waste; to give resulting gas mixture called syngas or
producer gas.
The gasifiers are of several types like counter
current fixed bed (up draft) gasifier, co current fixed
bed (down draft) gasifier, fluidized bed reactor,
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entrained flow gasifier and plasma gasifier.

3. Torrefaction Process
The torrefaction process is carried out by reacting
the biomass such as wood waste or wood or
agricultural biomass at temperature of about 2003000C in a torrefaction reactor in the absence of air
and under atmospheric pressure.During the process
the biomass decomposes giving off various types of
volatiles which results in loss of mass and chemical
energy to the gas phase. The yield of mass and energy
from the original biomass to the torrefied biomass is
strongly dependent on torrefaction temperature,
reaction time, and biomass type. Typical values are a
mass and energy yield of 0.8 and 0.9 respectively
(LHVdar). Hence, in torrefaction more mass than
energy is lost to the gas phase. This phenomenon
results in energy densification (higher LHVdar), on
'as received' basis' the mass and energy yields can be
even 0.45 and 0.9 respectively (35% moisture
content) [1].

4. Feed Stock Requirement
The torrefied biomass can be obtained from a
variety of woody and herbaceous biomass substances
[2]. A variety of biomass products can be torrefied to
yield torrefied biomass. However the mass and energy
yield of the torrefied biomass varies from one
substance to another depending upon the original
biomass and the operating conditions because of
polymeric conditions and reactivity of different
substances. The particle size also does not affect the
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torrefaction process. Therefore any size of particle can
be used in the torrefaction process.

5. Torrefied Biomass
The torrefied biomass attains properties of coal
which are very useful in the gasification process. The
torrefied biomass looks dark brown in color. Even
though the torrefied biomass retains the dimension
and shape of the raw material, it has low bulk density.
Grindability- the grindability of the biomass is
increased due enhancement of biomass brittleness.
This property is useful in gasification and pyrolysis
especially in fluidized bed systems.
Hydrophobicity- the torrefied biomass is a
hydrophobic, water repelling fuel. Torrefaction
improves the water repelling characteristics of
biomass through the elimination of hydroxyl groups
responsible for hydrogen bonding with water
molecules, and the generation of a non-polar,
hydrophobic compound [3, 4, 5].
Energy density-the energy density of biomass
increases as a result of oxygen loss during
torrefaction. This increase can be in the range
between 102-120%, depending on reaction conditions
[6]. Energy and bulk density of torrefied biomass can
be further improved via pelletizing [3].
Combustion properties- Torrefied biomass
created a greater heat of combustion due to a higher
fixed carbon content. In addition, the ignition time of
volatiles and char decreased as aconsequence of
torrefaction, which could be an advantage during
combustion
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The gasification process is comprised of many
stages which can be broadly divided into upstream
processing, gasification and downstream processing.
The upstream processing comprises of preprocessing
of biomass which is reduction in the biomass size,
drying and preparation of the gasifying agents. The
gasification process involves heating, chemical
reaction and catalytic action. The downstream
processing of biomass includes gas clean up and
reforming and gas utilization. Cleaning of the tar from
the syngas and reforming of the syngas forms part of
the gas clean up and reforming [3].
Torrefied biomass can be very well utilized in the
gasification process because it has already lost its
moisture during the heating phase. Also because the
grindability of biomass has already increased due to
torrefaction it can be very well used in the gasification
process.
The torrefied biomass attains properties which
can be used in the gasification process. The properties
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of torrefied biomass have been tested for the
gasification process using several types of reactors
like air-blown gasification of wood, airblowngasification of torrefied wood in a circulating
fluidized-bed, and oxygen-blown gasificationof
torrefied wood in an entrained-flow gasifier.it was
found from the study that the overall efficiency of the
air-blown gasification of torrefied wood was lower
than the gasification of untreated wood.On integration
of torrefaction and gasification processes, overall
efficiency increases to a level comparable to
gasification of raw wood.The gasification of torrefied
biomass can be done at elevated pressures, which may
be useful for downstream energy production in
turbines or for production of chemicals [7].This
cannot be achieved with raw biomass due to issues
with its feeding in pressurized systems.
It has been found that torrefied biomass is helpful
in providing feed in an entrained flow gasifier.
Therefore by providing torrefied biomass in an
entrained flow gasifier we can get a continuous
supply of syngas. As the torrefied biomass is of
reduced size than the original biomass, it provides an
energy friendly operation due to which its overall
efficiency is improved.It thus reduces the operation
cost and the possible capacity of the plant increases
due to in investment cost [8].
Its also seen that the gasification of torrefied
biomass provides a synthetic gas of higher quality. In
a study to evaluate the potential of the technique,
gasification processes for three different materials
including raw bamboo, torrefied bamboo and high
volatile bituminous coal in entrained flow gasifier
using O2 as gasification agent were studied
numerically and compared. The result showed that the
carbon conversion of three fuels was higher than 90%.
The coal gasification technique of raw bamboo was
low due to its lower calorific value.in case of torrefied
biomass the gasification process was highly enhanced.
Under optimum conditions with respect to the
equivalence ratio the cold efficiency of torrefied
biomass was highly improved [9].

7. Conclusion and Future Scope
It has been examined and analyzed from literature
review that the torrefied biomass is very much useful
in the gasification process. By using torrefied biomass
in the biomass gasifier instead of raw biomass the
efficiency of the gasifier can be improved effectively.
There is need of detailed analysis of the end
products when torrefied biomass is used as fuel for
the gasification process. Also great scope also lies in
integrating the torrefaction process and the
gasification process.
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