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A B S T R A C T

The present study investigates gasification of biomass in a laboratory scale set-up to obtain product gas. The
gasifier is a bubbling fluidized bed (BFB) type. The bed material in the reactor is silica sand. Walnut shell and
pistachio shell are gasified in the reactor under air and steam atmospheres. A gas analyzer is used to measure the
CO, CO2, CH4, H2 and O2 concentrations of the product gas. The effects of equivalence ratio (ER) and steam to
fuel ratio on the components of the product gas are studied for air and steam gasification cases, respectively. The
lower heating value (LHV) of the product gas is calculated by using the measurement of concentrations. In the
case of air gasification, the components and LHV of the product gas linearly change with varying ER. The LHV of
pistachio shell is higher than that of walnut shell by 8–12% for the ER range of 0.2–0.4. The LHV increases from
3.2 to 5.4 MJ/Nm3 with the decrease in ER from 0.4 to 0.2 for pistachio shell. In the case of steam gasification,
the LHV is nearly constant with changing steam to fuel ratio. A product gas with a calorific value of 9.9 MJ/Nm3

is generated. A recent review on biomass gasification in both pilot and laboratory scale bubbling fluidized bed
gasifiers is presented. The operating conditions of the gasifiers and the components of the product gas are
provided for air and steam gasification cases.

1. Introduction

Thermochemical conversion methods can be divided into three
groups: combustion, pyrolysis and gasification. Both in pyrolysis and
gasification, the main objective is to obtain solid, liquid or gas products.
Pyrolysis and gasification are substantially different processes in terms
of yield type and yield ratio. The purpose of a combustion process is to
generate heat for different applications. Gasification converts a solid
fuel to a product gas which is mainly composed of CO, CO2, CH4, H2, O2

and N2 gases. The product gas also contains particulates, tar, ammonia
and hydrogen sulfide in minor amounts. Since these compounds cause
blockage and corrosion problems, they should be eliminated in-bed (in-
situ) or post-bed (downstream). After being subjected to an appropriate
cleaning process, the product gas can be used to generate electrical
energy by using a fuel cell, gas turbine or gas engine. Besides, the
product gas can be utilized to produce a liquid fuel through a synthesis
process. In general, the composition of the product gas depends on
many factors such as reactor type, flow rate of feedstock, gasification
agent, and residence time, pressure and temperature of reactor. In the
gasification process, different technologies such as fixed bed, bubbling
fluidized bed, circulating fluidized bed, moving bed and entrained flow
have been applied. Bubbling fluidized bed is one of the most widely

used technologies for moderate capacities with low investment costs. It
operates at lower temperatures than entrained bed. It has lower ag-
glomeration and corrosion potentials than circulating fluidized bed. It
provides good air and fuel mixing, produces less tar and is more tol-
erant to fuel type than fixed bed. In addition, bubbling fluidized bed has
high heat transfer characteristics and high scale-up potential.

Biomass gasification has been extensively studied over the past
20 years because biomass is abundant, widely available, carbon neutral
and renewable. In the present study, a recent review on biomass gasi-
fication in pilot and laboratory scale bubbling fluidized bed gasifiers
has been presented for the years 2004–2016.

Many researchers investigated gasification of biomass in a pilot
scale bubbling fluidized bed gasifier. Makwana et al. [1] studied gasi-
fication of rice husk and rice husk char under air atmosphere. The
equivalence ratio (ER) is the mass ratio of the actual air fed in gasifi-
cation to the stoichiometric air required for combustion. They varied
the ER between 0.30 and 0.38. The bed material was silica sand. Kim
et al. [2] gasified wood pellet in the presence of air, and changed the ER
from 0.19 to 0.32. The silica sand was used as the bed material. Campoy
et al. [3] studied gasification of wood pellet and other four feedstocks
under air atmosphere. The ofite was employed as bed material. For
wood pellet, the ER was varied in the range of 0.24–0.36. Arena et al.
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[4] studied gasification of three wood samples: natural wood, waste
wood from wood packing industry and waste wood from furniture, door
and window frames. The gasification agents were air and mixture of air
and steam. The bed materials were silica sand, dolomite and olivine.
The natural wood was gasified by using silica sand under air atmo-
sphere at the ER of 0.25.

Many other researchers studied gasification of biomass in a la-
boratory scale bubbling fluidized bed gasifier. Sarker et al. [5] gasified
wheat straw pellet and alfalfa pellet under air atmosphere. For wheat
straw, the ER was changed between 0.20 and 0.35. The bed material
was silica sand. Miccio et al. [6] gasified spruce wood pellet under
mixture of air and steam atmosphere for bed materials of silica sand,
mixture of silica sand and nickel, and nickel. For silica sand, the ER and
the steam to fuel ratio were 0.17 and 0.64, respectively. Tuomi et al. [7]
gasified wood pellet and bark pellet under steam and mixture of air and
steam atmospheres for bed materials of silica sand and dolomite. In the
case of steam gasification of wood pellet, the steam to fuel ratio was
0.75, and the bed material was silica sand. Ruoppolo et al. [8] gasified
wood pellet, bioplastic pellet and olive husk pellet under air and mix-
ture of air and steam atmospheres. The bed materials were silica sand
and nickel-based catalyst. In the case of air gasification of wood pellet,
the ER was changed between 0.17 and 0.30, and the bed material was
silica sand. Chang et al. [9] gasified alfa cellulose, bagasse and mush-
room waste under air and mixture of air and steam atmospheres. For air
gasification of alfa cellulose, the ER was varied from 0.20 to 0.34. The
feedstock was employed as bed material. Radmanesh et al. [10] studied
gasification of beech wood under air and steam atmospheres. The bed
material was silica sand. For air gasification, the ER was changed in the
range of 0.13–0.66. For steam gasification, the steam to fuel ratio was
maintained at 0.75. Fremaux et al. [11] gasified wood residue in the
presence of steam, and by using silica sand as bed material. The steam
to fuel ratio was changed in the range of 0.50–1.00. D’Orazio et al. [12]

gasified almond shell in the presence of steam. The bed material was
olivine.

Pinto et al. [13] conducted a study in pilot and laboratory scale
bubbling fluidized bed gasifiers. The bed material was silica sand. For
pilot scale, the solid residue fuel was gasified under air atmosphere in
the ER range of 0.20–0.40. For laboratory scale, the solid residue fuel
was gasified under air, mixture of air and steam, and mixture of oxygen
and steam atmospheres. In the case of air gasification, the ER was
changed between 0.20 and 0.40. They also gasified almond shell, pine
wood and olive bagasse under mixture of air and steam atmosphere in
the laboratory scale. In addition, dolomite, olivine and limestone were
blended with silica sand to obtain various bed materials.

Some researchers have used other types of reactors. Li et al. [14]
gasified six wood samples in a pilot scale circulating fluidized bed ga-
sifier under air atmosphere. One of the wood samples was the mixture
of the other five samples. For the mixed wood, the ER was maintained
in the range of 0.26–0.46. In addition, one of the samples was gasified
under mixture of air and steam atmosphere. Song et al. [15] gasified
pine wood in an interconnected fluidized bed under steam atmosphere.
The bed material was silica sand. The steam to fuel ratio was varied
between 0.80 and 2.00. Nisamaneenate et al. [16] gasified peanut shell
in a downdraft type fixed bed reactor. The gasification agent was air.

On the other hand, Alauddin et al. [17] conducted a survey on ga-
sification of lignocellulosic biomass in bubbling and circulating flui-
dized beds. They tabulated the operation parameters and results of
previous studies: 27 and 7 works for bubbling and circulating fluidized
beds, respectively. They discussed the findings of these studies on the
effects of bed material, bed temperature, gasification agent, equiva-
lence ratio, steam to biomass ratio and biomass size. The feedstock was
mostly a woody biomass. Molino et al. [18] reviewed the state of the art
of biomass gasification technology. They studied biomass types, stages
of gasification process, gasification products, application areas, and

Fig. 1. Schematic diagram of experimental set-up.
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