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Parametric Analysis of Fixed Bed Gasifier for
Biomass and Urban Solid Wastes: A Review
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Abstract—Gasification is the most appropriate technology for
converting biomass and other urban wastes into a cleaner gaseous
fuels, called producer gas. Producer gas is a mixture of gases
consisting of hydrogen, carbon monoxide, methane, carbon dioxide,
water vapor, nitrogen, tar and suspended particulate matter. Various
parametric aspects of biomass gasification have been discussed in this
paper. A brief description of some of the widely used configurations
of biomass gasifiers has been done. The effect of various gasifying
agents on the quality of producer gas and performance of different
types of fixed-bed gasifiers are discussed. The performance of the
different fixed-bed biomass gasifier systems is analyzed in terms of
reactor temperature, gas calorific value, cold gas efficiency, equiv-
alence ratio, and producer gas composition. Fixed-bed gasifier has
been found to produce good quality producer gas for use in chemical
industries, power generation or for domestic applications

Keywords—Biomass, Fixed bed Gasifier, Performance, Producer
gas.

I. INTRODUCTION

B IOMASS is a non-fossilized and biodegradable organic
materials originating from plants, animals and micro-

organisms. These also include products, by-products, residues
and waste from agriculture, forestry and related industries, and
organic industrial and municipal wastes. Biomass has been
one of the main energy sources for mankind since the dawn
of civilization, although its importance decreased in the late
19th century, due to increased use of oil and coal . However,
recently there has been a increased interest in biomass energy
in worldwide due to its benefits that include being renewable,
widely available, and carbon-neutral [1].

Increased urbanization in Kenya has also resulted to the rise
in the amount of solid and liquid municipals wastes generated.
Many a times, landfills and dump sites have been used to
manage these urban wastes. These landfills and dump sites as
well as the growing industrialization of the Kenyan economy,
however, have contributed immensely to the rise in the quantity
of methane and heavy metals in the atmosphere and in the
environment [2]. Weak implementation of laws and policies
guiding waste management, and poor practices have led to
towns and cities being overwhelmed by their own waste [3],
thereby affecting public health and the environment.

Gasification is one of the ways through which these solid
wastes and biomass, in general, can be used to generate clean
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energy. Gasification is a thermo-chemical process taking place
at high temperatures typically above 700oC and converts car-
bonaceous materials including biomass, fossil fuels, plastics,
and coal into producer gas; which is a mixture of H2, CH4,
CO, and CO2. Limited amounts of oxygen, air, steam or
their mixtures in predetermined proportions is used as the
gasifying agent and heat carrier agent. The gasification of
biomass into useful fuel enhances its potential as a renewable
energy resource and it has emerged as a promising technology
to fulfill the increasing energy demands of the world as well as
to reduce significantly the volume of biomass waste generated
in developing societies [4].

II. GASIFICATION TECHNOLOGY OVERVIEW

A. The Stages in Gasification Process

Given that the gasifying agents and the reaction conditions
are always different in the reactor during gasification, the
process of biomass gasification is quite complex. The quality
and efficiency of the gasification process, equipment and the
products depend on the quality of the feedstock used, the
composition, flow rate and the temperature of the oxidizing
medium, and the prevailing temperature and pressure in the
gasifier [5].

Typically gasification process consists of four stages: dry-
ing, pyrolysis, oxidation,and reduction [1], [6]–[11]:

1) Drying: The moisture content of biomass is typically
between 5-35%. Drying occurs at about 100 − 200oC with
reduction in biomass moisture content falling to below 5%.

2) Pyrolysis: Pyrolysis is the breaking down of a biomass
by heat in the absence of oxygen or air. When biomass
is heated in the absence of air to about 350oC, it forms
char, hydrocarbon gases and tar vapors. The tar vapors
are gases at the temperature of pyrolysis but condense to
form a smoke composed of fine tar droplets as they cool.
These hydrocarbon gases can condense at a sufficiently
low temperature to generate liquid tars. Factors influencing
devolatization include: temperature, pressure, heating rate,
reaction atmosphere,and particle size of biomass.
Biomass + heat → solid, liquid, gases products (H2, H2O,
CO, CO2 )

3) Oxidation: This is reaction between solid carbonized
biomass and oxygen in the air, resulting in formation of
CO2 . Hydrogen present in the biomass is also oxidized to
generate water. Large amount of heat is released with the
oxidation of carbon and hydrogen. If the oxygen available
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is in sub-stoichiometric quantities, then partial oxidation
of carbon may occur, resulting in the generation of carbon
monoxide hence gasification stage. This is shown in equations
(1) and (2).

C +O2
ExcessOxygen−→ CO2, (1)

C +O2
LessOxygen−→ CO2 (2)

4) Reduction: In the absence or sub-stoichiometric presence
of oxygen, several reduction reactions take place in the
temperature range of between 800− 1000oC. These reactions
are mostly endothermic. Equations (3)-(6) show the major
reactions in this stage:

C +H2O −→ CO +H2O (3)

C + CO2 ←→ 2CO (4)

CO2 +H2 ←→ CO +H2O (5)

C + 2H2 ←→ CH4 (6)

B. Gasification Process Classifications and Technologies

Different methods are used in clasifying gasification pro-
cesses like using the type of oxidizing agent used, using the
source of heat, using gasifier operating pressure, among other
methods. But the most common classification method is the
use of the gasifier bed design. Under this method, gasifiers
are clasified as fluidized bed, entrained bed, and fixed bed
(moving bed) gasifiers. Below is a brief description of each
these three types:

1) Fluidized Bed Gasifiers Fluidization is a process where
a bed of loosely packed solid particles takes on some of the
properties of a fluid when a gas is blown vertically upwards
through it. A fluidized bed gasifier is a back-mixed or well-
stirred reactor in which there is a consistent mixture of new
and older, partially and fully gasified particles. The mixing
also enhances uniform temperatures throughout the bed. The
flow of gas into the reactor (oxidant, steam, recycled syngas)
must be sufficient to float the particles within the bed but not
so high as to entrain them out of the bed. However, as the
particles are gasified, they become smaller and lighter and are
entrained out of the reactor [12]. The temperatures within the
bed should be less than the initial ash-fusion temperature of
the particle to avoid particle agglomeration. These gasifiers are
characterized by short residence time, high temperatures, high
pressures, and large capacities.

2) Entrained Flow Gasifiers: A finely ground particle is
injected in concurrent flow with the oxidant. The particle
rapidly heats up and reacts with the oxidant. The residence
time of an entrained flow gasifier is few to several seconds.

Because of the short residence time, entrained flow gasifiers
must operate at high temperatures to achieve high carbon
conversion [12]. Consequently, most entrained flow gasifiers
use oxygen rather than air and operate above the slagging
temperature of the particle.

3) Fixed Bed (Moving Bed) Gasifiers: These are counter-
current flow reactors in which the biomass enter from the top
of the reactor and air or oxygen or steam enters at the bottom.
As the particle slowly moves down through the reactor, it is
gasified and the remaining ash drops out of the bottom of the
reactor. Because of the counter-current flow arrangement, the
heat of reaction from the gasification reactions serves to pre-
heat the particle before it enters the gasification reaction zone
[13]. Consequently, the temperature of the syngas exiting the
gasifier is significantly lower than the temperature needed for
complete conversion of the particle. Fixed bed gasifiers are
simple to construct and generally operate with high carbon
conversion, long feedstock residence time, low gas velocity,
and low ash carry-over [14].

III. FIXED BED GASIFIERS

The choice of one type of gasifier over the other is dictated
by feedstock; its final available form, size, moisture content
and ash content. Fixed bed gasifiers can be classified further as
updraft (countercurrent), downdraft (concurrent) or crossdraft
(cross-flow). Figure 1 below shows the different types of fixed
bed gasifiers.

Fig. 1. Types of fixed bed gasifiers [1]

A. Updraft Gasifiers

Biomass is introduced at the top of the reactor, and a grate
at the bottom of the reactor supports the reacting bed. Air
or oxygen and/or steam are introduced below the grate and
diffuse up through the bed of biomass and char. Complete
combustion of char takes place at the bottom of the bed,
liberating CO2 and H2O. These hot gases at about 1000oC
pass through the bed above, where they are reduced to H2

and CO and cooled to 750oC. Continuing up the reactor,
the reducing gases (H2 and CO) pyrolyse the descending dry
biomass and finally dry the incoming wet biomass, leaving the
reactor at a low temperature of about 500oC [15].
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Payne F. A., et al [16] studied gasification of maize cobs of
varying moisture content (9-46%) in an updraft gasifier with
primary air as the gasifying medium. The producer gas was
then completely combusted with secondary air and the exhaust
gas mixed with the ambient air and used directly for drying
grain. The total particulate emission was proportional to the
second power of the gasification rate (amount of corncobs
gasified per unit grate area per unit time), which in turn
was dependent on the corncob moisture content and primary
airflow rate.

The condition of the feedstock and the rate of flow of
the gasifying agents are some of the factors that affect the
performance of an updraft gasifier. The producer gas from
updraft gasifier has high amount of tar [17] and is therefore
mostly used in thermal applications like close coupled steam
boilers and crop dryers.

The main advantages of updraft gasification are:
• Simple, low cost process
• Able to handle biomass with a high moisture and high

inorganic content like municipal solid waste.
• It is a proven technology for heat production
• The higher tar content in the gas adds to the heating value
• The higher operating temperatures can destroy some

toxins, slag materials and some metals.
• They can be used for small-scale applications
• Exhibit very few carbon in theremaining ash.
The disadvantages of updraft gasification is:
• Syngas contains 10-20% tar by weight, requiring exten-

sive syngas cleanup before engine, turbine or synthesis
applications

• It has feedstock size limit.
• It generates a fairly low heating value gas
• The high tar content in the producer gas implies extensive

producer gas cleanup before use.

B. Crossdraft gasifier

In this gasifier, biomass is introduced from the top and
moves downward. The oxidizer is introduced at the bottom
on one side and flows across the bed. The producer gas is
extracted at 800−900oC from the opposite side of the oxidizer
nozzle at the same level at the grate [1]. The tar cracking
capability is limited therefore the gasifier is suitable only for
low-tar fuels and is mostly used in close-coupled boilers [18].
Large-scale implementation of the crossdraft gasifiers has not
been done.

The advantages of cross-flow gasification include:
• It has the simplest of designs
• Exhibits stronger circulation in the hot zone of the reactor.
• The lower operating temperatures allow the use of less

expensive construction materials.
The disadvantages of cross-flow gasification are:
• It is more complicated to operate.
• There are reported issues with slagging
• It produced high levels of carbon (33%) in the ash.
• The overall energy efficiency of the system is low
• The tar content in producer gas is high

C. Downdraft Gasifiers

Also known as cocurrent-flow gasification, the downdraft
gasifier has the same mechanical configuration as the updraft
gasifier except that the oxidant and product gases flow down
the reactor, in the same direction as the biomass. A major
difference is that this process can combust up to 99.9% of
the tars formed. Low moisture biomass (below 20%) and air
or oxygen are ignited in the reaction zone at the top of the
reactor. The flame generates pyrolysis gas/vapor, which burns
intensely leaving 5 - 15% char and hot combustion gas. These
gases flow downward and react with the char at 800−1200oC,
generating more CO and H2 while being cooled to below
800oC. Finally, unconverted char and ash pass through the
bottom of the grate and are sent to disposal [15], [19].

Jayah T. H. et al [20] studied the gasification of chips
of rubber wood of varying moisture content (12.5-18.5%)
and chip size (3.35.5 cm) in an 80 kW downdraft throated
gasifier. They observed that because small chips underwent
faster char conversion, increasing the conversion efficiency,
they therefore needed smaller gasification zone length. They
further concluded that for wood chip of moisture content of
15%, the optimum chip size was 5 cm, the gasification zone
length 22-33 cm, the throat angle was 610 and the carbon
conversion efficiency was 56%. They observed further that the
tar, water vapourand ash content were 7-9% of the producer
gas output.

Kumabe K. et al [21] studied the co-gasification of coal
and biomass with mixture of air and steam for production
of syngas using a downdraft fixed bed gasifier at 900oC.
They varied the biomass to coal ratio from 0 to 1. They
observed that increasing the biomass/coal ratio led to increased
gas generation and decreased char and tar production. They
obtained gas efficiency of 65-85%.

The main advantages of downdraft gasification are:
• Up to 99.9% of the tar formed is consumed, requiring

minimal or no tar cleanup since the gas is relatively clean
• Minerals remain with the char/ash, reducing the need for

a cyclone
• Proven, simple and low cost process
The disadvantages of downdraft gasification include:
• Requires feed drying to a low moisture content (less than

20%) i.e it is moisture sensitive
• Syngas exiting the reactor is at high temperature, requir-

ing a secondary heat recovery system
• 4-7% of the carbon remains unconverted
• It generates a producer gas with low heating value
• It has limitations on feed size.

IV. FEEDSTOCKS AND GASIFYING AGENTS

A. Feedstocks

Different biomass feedstocks are used with fixed bed gasi-
fiers. The major factors to consider are the biomass flow rate,
type and properties. An optimum biomass flow rate is desired
for the gasification system to maximize energy efficiency and
it is dependent primarily on the design of the gasifier and the
properties of the biomass.
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The main constituents of biomass are cellulose, hemicel-
lulose and lignin. Herbaceous crops and wood contain 60-
80% cellulose and hemicellulose, and 1025% lignin [22].
The composition of these polymers in the biomass affects
the product composition. Hanaoka T. et al [23] in their
study of the effects of woody biomass components on air-
steam gasification observed that at 900C, carbon conversion
efficiencies of cellulose, xylan and lignin were 97.9%, 92.2%
and 52.8%, respectively. Given that fixed bed gasifiers operate
at temperatures of between 800-1200oC, they can easily be
used for woody biomass gasification

Feedstocks used in gasification include wood waste (saw-
dust and bark), crops, agricultural waste (corn stalks), wastew-
ater treatment plant biosolids, municipal solid waste (MSW),
animal wastes (stall wastes) and blends of the various feed-
stocks [24]. Generally, the feedstock requires some pre-
processing to remove the inorganic materials (such as metals
and glass) that cannot be gasified. In addition, the MSW is
typically shredded or ground into very small particles and
dried before being fed into the gasifier.

Biomass may also be divided into two broad groups: (a)
Virgin biomass (b) Waste. Primary or virgin biomass comes
directly from plants or animals. Waste or derived biomass
comes from different biomass-derived products. Table I shows
the subdivisions of biomass under these two broad categories.

TABLE I
MAJOR CATEGORIES OF BIOMASS AND THEIR SUBDIVISIONS [4]

Wood: Wood fuel has several environmental advantages over
fossil fuel. The main advantage is that wood is a renewable
resource, offering a sustainable, dependable supply. Other
advantages include the fact that the amount of carbon dioxide
(CO2) emitted during the burning process is typically 90%
less than when burning fossil fuel.

Sawdust: Sawdust has a problem of excessive tar production
and serious pressure drop. If the gas produced from sawdust
is used in internal combustion engines, fairly good clean-up
system is needed.

Peat: Peat is the first stage of coal formation. Freshly mined
peat contains 90% moisture and 10% of solid. It cannot be
utilized unless air-dried to reduce moisture content to 30% or
less. As peat contains very high level of moisture and ash, it
creates problems in the gasification process.

Agricultural residues: Agricultural residues are basically

biomass materials that are by product of agriculture. It includes
cotton stalks, wheat and rice straw, coconut shells, maize and
rice husks and others. Coconut shells and maize cobs have
been successfully tested for fixed bed gasifiers. Most cereal
straws contain ash content above 10% and present slagging
problem in downdraft gasifier. Rice husk with ash contents
above 20% is difficult to gasify.

Municipal Solid Waste (MSW) The heat content of Refuse
Derived Fuel (RDF) depends on the concentration of com-
bustible organic materials in the waste and its moisture con-
tent. Mixed plastics and rubber contribute the highest heating
values to municipal solid waste and food and yard wastes the
lowest. Pre-processing MSW to RDF is an important aspect
in the gasification process. If too much metal and glass are
allowed to pass through into the gasifier, the heating value of
the RDF decreases and there are constant operating problems.
Therefore, waste gasification will be most successful in com-
munities where there is good recycling practice, thus material
recovery, by recycling, and energy recovery from waste are
complementary in an integrated plan for waste management
[26]

The main MSW that can be used in gasification include: a)
Domestic waste, also referred to as garbage, refuse or trash
consisting mainly of biodegradable waste which are food and
kitchen waste, green waste paper. b) Waste tyres c) Industrial
waste like waste paper, and other biodegradable industrial by-
products and products, as well as plastic wastes.

B. Components of Feedstocks

The major components of any gasification feedstock are
moisture, volatile matter, fixed carbon, and ash. The amount
of these components vary from one feedstock to the other. ex-
amples of the composition of various feedstocks are presented
in Tables II and III.

Anjireddy et al [4] in their study of gasification of biomass
in downdraft gasifier presented a table of proximate and
ultimate analysis of some biomass feedstocks as shown in
Table II.

TABLE II
POTENTIAL BIOMASS GASIFIER FEEDSTOCKS [4]

Raveendran et al [12]. obtained the composition of 13
biomass feedstocks via ultimate and proximate analysis. The
result of their proximate analysis is reported in Table III.
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TABLE III
PROXIMATE ANALYSIS OF BIOMASS FEEDSTOCKS [12]

C. Gasifying Agents used in Fixed bed gasifiers

Optimization of the gasification operating conditions en-
hances production of producer gas of desired quality. It also
ensures the least amount of impurities in producer gas, and
increases the process net energy conversion efficiency [27].

Air: Air supplies the O2 for combustion and effects the
residence time. Controlling the air f;ow rate controls the
amount of the O2 supply which then controls the degree of
combustion which in turn, affects the gasification temperature.
Higher airflow rate leads in higher temperature resulting to
higher biomass conversion and a higher quality of product
gas. An excess degree of combustion, on the other hand,
results in low energy content of the product gas as a part
of biomass energy is spent during combustion. Higher airflow
also shortens the residence time which may result to decreased
degree of biomass conversion. [27]

Air gasification produces a poor quality gas in terms of
heating values (4 − 7MJ/m3 HHV) which is suitable for
boiler, engine and turbine operation, but not for pipeline trans-
portation due to its low energy density [28]. The advantages
of using air include partial combustion for heat supply of
gasification and moderate char and tar content in the producer
gas.

Oxygen: Oxygen-to-carbon O2/C ratio affects the operation
of the gasifier very much. As the O2/C ratio is increased,
more carbon is reacted. In the same time, the ratio of CO2 to
CO increases as the O2/C ratio approaches the stoichiometric
value. This results in decrease in the heating value of the gas
with increasing O2/C ratio. The ratio of hydrogen to carbon
monoxide concentration decreases with increasing O2/C ratio
[29].

Oxygen gasification produces a better quality gas (10-
18 MJ/m3 HHV) which is suitable for limited pipeline
distribution and for use as synthesis gas for conversion, for
example, to methanol and gasoline [28].

Steam: Supplying steam as a gasifying agent increases the
partial pressure of H2O inside the gasification chamber which
favors the water gas, water gas shift and methane reforming
reactions leading to increased H2 production However, the
gasification temperature needs to be high enough (above 750-

800 C) for the steam reforming and water gas reactions to be
favorable [30]. Catalysts can lower the operating temperature
needed for the above reactions to occur.

During steam gasification, at high temperature, the H2 yield
is more pronounced than the increase in gas yield which results
in an increase in H2 content. Turn S. et al [31] observed
that increasing Steam/Biomass from 1.1 to 4.7 decreased CO,
CH4, C2H2 yields, and increased H2 and gas yields. Gupta A.
K et al [1] observed significant increases in H2 at temperatures
above 800oC for Steam/Biomass ratio between 0.5 and 1.08.

Since the temperature of the steam supplied to the gasifier
is usually lower than the gasification temperature, and since
steam has higher heat capacity, a significant amount of heat
is needed to raise the steam temperature which, in turn, may
lower the temperature of the gasifier bed [33]. A preheater
is recommended before the introduction of gasifying agents
(steam and air) to the gasifier to facilitate higher gasification
bed temperature. Steam gasification produces better quality
gas of almost similar HHV as oxygen gasification [28]. The
advatages of using steam include production of producer gas
with high heating value and rich in hydrogen gas [1].

Carbon Dioxide: In some cases carbon dioxide may be
used as a gasifying agent, similar to steam. The CO2 has
an ability to convert char, tar, and CH4 into CO and H2,
assuming the presence of catalyst, thus increasing the yield
of CO and H2 than usual [34]. The main reaction here is
also endothermic, just like in case of steam, and the same
means of heat input can be applied as with steam gasification.
Advantages of using carbon dioxide include production of
producer gas with high heating value and rich in hydrogen
and carbon monoxide gases and low carbon dioxide gas [1]

NOTE: There is also a possibility of combining the above
mentioned gasification agent. The most common combination
is steam and air or oxygen. The agents may be introduced
together in the same stage, but also separately. Indirect gasi-
fication is an example of such a process.

V. GASIFICATION PERFORMANCE PARAMETERS

The performance of gasifier is directly affected the follow-
ing parameters-

A. Reactor Temperatures

Gasification temperature is one of the most influential fac-
tors affecting the product gas composition and properties and
temperature is considered as the main parameter for estimating
biomass gasifier performance. Increase in temperature reduces
the tar content as well as decreases char inside the gasifier. It
also increases gas yield due to higher tar cracking and higher
conversion efficiency.

Carlos L. [35] investigated the high temperature air/steam
gasification process for gasification of bark, charcoal, wood-
chips and wood pellets in a conventional batch type updraft
gasifier. Preheated air, steam and air/steam mixture were used
as gasifying media. Preheating of air up to 830oC kept the
temperature in the oxidation zone of gasifier above 1000oC,
which promoted the thermal cracking of tar in one step in
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the gasifier. The lower heating value (LHV) of producer gas,
cold gas efficiency and specific gas production rate (SGPR)
increased from 4.6 to 7.3 MJ/Nm3, 36.1 to 45.2% and
744.9 to 916.6 kgm−2h−1 respectively as the temperature of
the preheated feed gas increased from 350 to 830oC. With
preheated air of 830oC the LHV (7.3MJ/Nm3) of producer
gas was well above that reported for downdraft gasifiers. When
the feed gas used was mixture of steam and air, increase in
the steam fraction with respect to the high temperature air
favoured the water gas shift equilibrium and steam reforming
of tars and hydrocarbons which led to increase in fraction of
H2 (10.4 to 29.9%) and decrease in CO (29.4 to 18.4%) in the
producer gas. However use of steam lowered the temperature
of gasification and the cold gas efficiency (43 to 37%).

Gonzlez J. F. et al [36] observed that in air gasification, the
amount of H2 and CO in syngas increased when temperatures
incresed from 700 to 900oC, whereas contents of CH4 and
CO2 decreased. Boateng A. A. et al [37] observed that increas-
ing the gasification temperature from 700 to 800C , increased
gas yield, gas HHV, energy efficiency, carbon conversion
efficiency and H2 content, while CH4, CO and CO2 contents
decreased. The decrease in CO content may have been due to
the comparatively lower temperature (than 850900 C) for the
Boudouard reaction to predominate.

B. Calorific value (CV)

The calorific value (CV) of a material is an expression of
the energy content, or heat value, released when burnt in air.
The CV is usually measured in terms of the energy content
per unit mass or volume (MJ/m3).

Jorapur R. et al [38] developed a commercial scale low-
density biomass gasification system, operating on sugarcane
leaves, bagasse and their mixture, for thermal applications in
an Agricultural Research Institute in India. The inner lining of
the reactor was made of high temperature resistant firebricks.
The system also had high temperature char/ash coarse settler
and a high efficiency cyclone separator. They observed that the
producer gas had a HHV of between 3.56-4.82 MJ/Nm3. But
the system also produced char, with gross calorific value of
18.9 MJ/kg, which was about 24% by weight of the original
fuel. The performance of the gasifier was good up to fuel
moisture content of 15%.

C. Cold Gas Efficiency

Cold gas efficiency is the ratio of energy of the producer
gas per kg of biomass to the higher heating value (HHV) of
the biomass material. Cold gas efficiency depends upon the
calorific value and the amount of producer gas released at
constant HHV of biomass.

CGE =
CV ×Wgas

HHVfeed
(7)

where,
CGE = cold gas efficiency
CV - = Calorific value of gas,
Wgas - Gas production per weight of biomass.

HHVfeed - Higher heatingvalue of biomass.

Na I. J. et al [39] gasified combustible waste pellets in an
updraft fixed bed gasifier lined with alumina refractory using
O2 as the gasifying medium. The composition of H2 and
CO in the producer gas was in the range 30-40% and 15-
30% respectively depending on oxygen/waste ratio. Inceasing
bed height increased the H2 and CO content in producer gas
while CO2 content reduced. Gasification was difficult above
a bed height of 700 mm due to pressure drop of O2. The cold
gas efficiency was around 61% at O2/waste ratio of 0.4-0.5
and the heating value of was 11.72-13.40 MJ/Nm3, which
was more than heating value of producer gas generated by air
gasification.

Dasappa et al [40] studied an open top ceramic-lined
throatless downdraft reactor for biomass of varying moisture
contents up to 37%. At a feed rate of 75 kg/h the CGE was
around 75%, whereas the large capacity gasifier system of 650
kg/h resulted in cold CGE in the range of 85%. The fraction of
tar and particulate matter in the hot gas from open top reactor
were reported to be lower than in the throated design.

D. Equivalence ratio (λ or ER)

ER is the ratio of air flow to the airflow required for
stoichiometric combustion of the biomass, which indicates
extent of partial combustion. Equivalence ratio is determined
from the amount of oxygen fed into the gasifier divided by
the amount of oxygen required for complete fuel combustion.
For the effective gasification, ER should range between 0.2 -
0.4.

λ =
Vactal
Vstoic

(8)

where,
λ = equivalence ratio,
Vactal = air volume consumption by gasification,
Vstoic - air volume needed for complete combustion.

Sheth P.N. et al [41] studied a downdraft biomass gasifier
used with the waste generated from sesame (rose) wood.
They observed that an increase in the moisture content of
the feedstock led to decrease in biomass consumption rate,
while increase in the air flow rate increased the biomass
consumption rate. They further observed that molar fraction
of N2 and CO2 decreased with increase in equivalence ratio
(λ) till λ = 0.205. The fraction of CO and H2 showed
increasing and decreasing trend exactly opposite to that of N2

and CO2. The calorific value, pyrolysis zone temperature and
the oxidation zone temperature were maximum at λ = 0.205.
Further they noted that the production rate of producer gas
continuously increased with an increase in λ. The value of
cold gas efficiency was 0.2 for λ = 0.17 and it almost doubled
with a small increase of 0.035 in the value of λ.

Narvez I. et al [42] in their study of biomass gasification,
reported that when λ was increased from 0.20 to 0.45, gas
yield increased, lower heating value (LHV) of the gas de-
creased and the contents of H2, CO, CH4, C2H2 and tar
decreased. Su Yi [43] in his study observed that, at feedstock
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feed rate of around 100 kg/h and the char bed height of about
100 cm high, when λ was between 0.3 to 0.35, the heat value
of producer gas reached as high as 7247.7 kJ/m3, gas yield
rate was 1.84 m3/kg, carbon conversion rate was 91.3%, and
the overall gasification efficiency was 84.6%. Wang Y. et al
[44] in their study of woody biomass gasification found that
with an increase in λ from 0.16 to 0.26, the bed and free-board
temperatures rose leading to a higher yield and higher heating
value (HHV) of the gas, an increase in cold gas efficiency
from 57% to 74%, an increase in H2 content from 8.5% to
13.9%, and an increase in CO content from 12.3% to 14%.

E. Producer gas composition

Producer gas composition means quantities by volume of
different gases in producer gas.

Khater E. M. et al [?] studied the gasification of rice hulls
in downdraft gasifiers. They used rice hulls feed rate of 1.3-5.1
kg/h and the air flow rates of 2-4.4 m3/h. They observed that
maximum yield of combustible constituents of the producer
gas (13.6% CO, 5.1% H2, 2.4% CH4) was obtained at a
stoichiometric air/fuel ratio of 55%.

Hina Beohar et al [1] conducted a study on biomass gasifica-
tion on fixed bed gasifiers and presented a typical composition
of producer gas obtained from downdraft gasifier with various
feedstocks as shown in Table III.

TABLE IV
COMPOSITION OF SYNGAS FROM VARIOUS BIOMASS FEEDSTOCKS [1]

VI. CONCLUSION

There has been significance advancements in gasification
processes and technologies. With increased generation of
wastes in towns, need for cleaner environment, and demand for
more energy, gasification technology presents an opportunity
of generating clean energy from biomass and urban wastes.
It helps in conserving the environment as well as mitigate
supply of energy to mankind. It is obvious from the above
discussion that parametric study of gasification of biomass into
gaseous products using different feedstocks is feasible. The
performance of the fixed bed gasifier has been discussed in
terms of different parameters which significantly influence the
performance of product gas quality and quantity. Increase in
temperature reduces the tar content in the product gas as well
as decreases char inside the gasifier. Gas yield increases due
to higher tar cracking. Increase in equivalence ratio increases
the temperature inside the gasifier while its decrease increases
char formation inside the gasifier. From the discussion above,

fixed bed gasifiers have been shown to be a simpler way to
utilize biomass and municipal solid waste in generating energy.
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