
Abstract 
Objective: The present work relates the need for change and how Circulating Fluidized Bed (CFB) technology could prove 
a better alternative than the existing gasifiers in India. Background/Analysis: India is an energy deficit nation although 
it has rich coal reserves and biomass diversity. India ranks 3rd in world coal production, but it is low in grade comprising 
of high ash content. Biomass present in abundance includes bio-residue like bagasse, rice husk and saw dust beside other 
prominent crops that are found in India. Gasification technology is widely accepted way of harnessing these abundant 
energy resource. Findings: Presently conventional fixed bed gasifiers are installed in different regions of the country but 
this is gradually becoming obsolete. CFB gasification is at present an emerging technology for harnessing this vast resource 
of biomass and coal efficiently and environment friendly in India. It has evolved as an environment friendly technology 
for utilizing different of carbonaceous fuels like peat, lignite, biomass etc., for producing fuel gas with improved energy 
conversion ratio. A comprehensive survey has been conducted to study the CFB gasifiers and gasification processes in 
CFB so that it can be designed for scale-up and direct use in existing and upcoming related industries in India. This paper 
analyzes the feasibility of adopting the circulating fluidized bed technology for utilization of low grade coal and biomass 
available in India. Novelty/Applications/Improvements: Road map for adoption of CFB gasification technology for 
decentralized rural power production in India along with its future scope has been discussed.
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Nomenclature
ER Ratio of air used to stoichiometric air
S/B Steam-to-biomass ratio
Ψ CO2-to- biomass ratio
GR steam+O2-to-biomass ratio

1.  Introduction 

1.1  Coal Reserves in India
As per Integrated Energy Policy Committee of Planning 
Commission, the primary source of energy in India will 
be coal till 2031-32 and possibly beyond. In India, 76% 

of the produced coal is consumed by power sector and 
different industries including fertilizers, cements, chemi-
cals, papers and several other small and medium-scale 
industries that are dependent on coal for their process 
and energy requirements. As on 1.4.2013, 298.91 bil-
lion tonnes (including that in the state of Sikkim) of coal 
reserves up to the depth of 1,200 m have been established 
in India. The annual production of coal and lignite in 
the country was 556.40 million tonnes and 46.45 million 
tonnes respectively in 2012-131. Indian non-coking coals 
are categorized into different grades ranging from A to 
G, in which grades from A to C represents the superior 
one, while D to G grades represents thermal coal. Over 
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the years, quality of thermal coal has become worse and 
at large grades E, F and G containing high ash content 
(35-45%), high moisture level (4-20%), low sulfur content 
(0.2-0.7%), and low calorific values (10.5-20.9 MJ/kg) are 
available for use. Power plants in the country are mostly 
located at a distance of more than 1000 km away from the 
coalfields and are centered in the Eastern and Central part 
of India. Consequently, extra freight charges are borne in 
transporting bulky coal containing high ash beside other 
serious problems like ash disposal and handling and toxic 
emissions2,3. Use of gasification technology will be useful 
as the obtained fuel gas could be easily transported to the 
distant power plants without major problems occurring 
due to emissions and ash. Several projects are going on 
for in-situ gasification at the mining site itself, which will 
not only reduce the extra freight charges but also provide 
clean coal technology. 

1.2  Bio-energy Scenario in India
According to a survey, the total potential of India is more 
than 23 GW from biomass to power4. 686 MT gross 
(crop residue) of biomass are produced and 34% from 
that are estimated to be surplus for bio-energy genera-
tion. The amount of bio-energy potential from 34% (234 
MT) based on 39 crops residue is expected to be 4.15 EJ, 
which is capable of fulfilling 17% of India’s total primary 
energy consumption5. To harness this huge amount of 
untapped energy in cleaner form, gasification industry 
has emerged as one of the prominent option6. In India, 
several gasifiers have been installed in various states like 
Bihar, Uttarakhand, Karnataka, Gujarat and Sunderban 
region. Table 1 shows the total commissioned power 
project where states like Uttar Pradesh, Tamil Nadu and 
Maharashtra tops the list with above 400 MW capacities. 

2. � Cost Economics and 
Government Subsidies

India is one of its kinds to have separate ministry 
specifically for the development of renewable technology 
in the name of Ministry of New and Renewable Energy, 
Government of India (M.N.R.E, G.O.I). Since mid nine-
ties, M.N.R.E, G.O.I has been providing subsidies to 
biomass power projects. In all 130 biomasses and 158 
bagasse co-generation projects have been installed in the 
country for feeding power to the grid which totals to 999.0 
MW and 1666.0 MW respectively. Several new projects 

Table 1.  List of commissioned biomass power / co-
generation projects state wise (as on 31/03/2011)7

S. No State Total (in MW)
1 Andhra Pradesh 363.25
2 Bihar 9.50
3 Chattisgarh 231.90
4 Gujarat 0.50
5 Haryana 35.80
6 Karnataka 365.18
7 Madhya Pradesh 1.00
8 Maharashtra 403.00
9 Punjab 74.50

10 Rajasthan 73.30
11 Tamil Nadu 488.20
12 Uttarakhand 10.00
13 Uttar Pradesh 592.50
14 West Bengal 16.00

Total 2664.63

are under different stages of implementation. Table 2 
shows tariffs fixed by commissions to different states in 
India for biomass cogeneration.

3.  Need for Change

3.1  Status of Fixed Bed Gasifiers in India
The installed gasifiers are mainly conventional fixed bed 
type and are not stable and continuous in the long run8. 
Present gasifiers produce a lot of tar and generate fuel gas 
of very low calorific value. Tar produced starts to condense 
over the shaft of engine resulting in operational difficulty, 
cleanups and frequent shutdowns. Another problem in 
downdraft fixed gasifier is that the gases that leave the 
gasifier are at very high temperature and this amounts to 
significant heat loss which lowers its thermal efficiency con-
siderably. It has also been found that the particulate content 
of the produced fuel gas is much higher than the acceptable 
limit9. Issue with rice husk gasification in these conventional 
gasifiers is that it generates high ash content (ash content 
20% by weight). Residual disposal of tar is an environmen-
tal issue and is also a concern due to engine choking in 
existing fixed bed gasifiers10. So, there is a need for change 
with advanced and efficient one which can be achieved by 
using CFB gasifier. CFB gasification, an emerging technol-
ogy, has the capability to reduce emissions considerably 
as compared to conventional fixed bed gasifiers11. It is 
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3.2  CFB Technology
The fluidized bed, in which smooth and steady recircula-
tion of solids through the dipleg or other solid trapping 
device is done for continuous operations is known as cir-
culating fluidized bed15. The invention of fast fluidized 
bed dates back in 1938 when Lewis and Gilliland found 
a new gas-solid contacting process at the Massachusetts 
Institute of Technology while working on fluid catalytic 
cracking16. CFB systems are usually consists of riser which 
is connected to a cyclone, down comer and loop seal17. 
Schematic diagram of CFB system is shown in Figure 1 
and the flow regimes of its basic components are described 
in Table 3.

Several non-mechanical valves are used in CFB for 
leak tight operation among which L-valve19–26, V-valve27, 

technologically advanced as it is suitable for faster rate of 
chemical reactions, low tar content due to high conversion 
rates and less unconverted carbon, superior environmen-
tal performance, more efficient, high mass transfer and 
the process behaves as an isothermal12,13. Therefore, a brief 
introduction of CFB gasifier is essential in order to under-
stand its characteristics, behavior, operations and fuel 
gas cleaning technologies. The current paper focuses on 
aspects of gasification in circulating fluidized bed systems 
and its implementation in Indian scenario as it is currently 
undergoing rapid commercialization globally14. 

Table 2.  Biomass cogeneration across different states 
in India7

State
Tariff fixed by 
commissions

RPO%

Andhra Pradesh Rs.4.28/kWh (BM), 
Rs.3.48/kWh (Cogen)

3.75 
(min)

Chattishgarh Rs.3.93/Unit (BM) 5

Gujarat Rs.4.40/unit (BM), 
Rs.4.55/unit (Cogen) 10

Haryana Rs.4.00/unit (BM), 
Rs.3.74/unit (Cogen) 1

Karnataka Rs.3.66/unit (BM), 
Rs.3.59/unit (Cogen) 10 (min)

Kerala Rs.2.80/unit (BM) 3

Maharashtra Rs.4.98 (BM), Rs.4.79/
unit (Cogen) 6

Madhya Pradesh Rs.3.33 to 5.14/unit 
paise for 20 yrs. 0.8

Punjab Rs.5.05/unit, (BM), 
Rs.4.57/unit (Cogen) 3 (min)

Rajasthan
Rs.4.72/unit‐water 

cooled & Rs.5.17 air 
cooled (BM)

1.75

Tamil Nadu
Rs.4.50‐4.74/unit 

(BM), Rs.4.37‐4.49/
unit (Cogen) 

13 (min)

Uttaranchal Rs.3.06/unit (BM), 
Rs.3.12/unit (Cogen) 9

Uttar Pradesh
Rs.4.29/unit, for 

existing and 4.38 for 
new

4

West Bengal Rs. 4.36/unit fixed for 
10 years‐BIOMASS 4

Bihar
Rs.4.17/unit 

BIOMASS, Rs.4.25/
unit (Cogen)

1.5

Orissa Rs.4.09/unit - Table 3.  Transport regimes in circulating fluidized 
bed components18

Location Regime
Furnace (below secondary 

air level)
Turbulent or bubbling 

fluidized bed
Furnace (above secondary 

air level) Fast fluidized bed

Cyclone Swirl flow
Return leg (stand pipe) Moving packed bed
Loop seal/external heat 

exchanger Bubbling fluidized bed

Back-pass Pneumatic transport

Figure 1.  Schematic diagram of CFB system.
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several CFB and dual bed technology developers across 
the globe. The important among them are Foster Wheeler 
and ECN. Details about different available developers and 
their technologies are summarized in Table 4. 

CFB demonstration plant of 1-MW technology, a 
joint venture of Ruchi Soya Industries Limited (RSIL) 
and Thermax Limited (TL) is under development stage 
at Washim, Maharashtra. This project is jointly financed 
by the United Nations Development Programme–Global 
Environment Facility (UNDP/GEF) and the Ministry of 
New and Renewable Energy (MNRE) as research and 
development based demonstration Plant4. With its suc-
cessful installation and operation, it might pave way for 
use of CFB gasification technology in India. With such 
collaborations and with indigenous improvements in the 
existing technology, effective cost of the overall plant can 
further be reduced.

4.  �Gasification Process in CFB 
System

Gasification is a thermo chemical conversion process, 
where a carbonaceous solid fuel is converted into a com-
bustible gas. The operations involved in the gasification of 
CFB are divided into three categories i.e., upstream pro-
cessing, gasification and downstream processing. Figure 2 
shows the flow diagram of overall processes involved in 
the gasification process in a CFB system. Upstream pro-
cessing comprises of size reduction, drying and pyrolysis 
whereas downstream processing involves removal of con-
taminants like particulate, alkali and tar. Gasification can 
be performed using different agents like air, oxygen and 
steam which decide the quality of obtained fuel gas.

4.1  Upstream Processing
There are three main processes involved in upstream 
processing i.e., size reduction, drying and torrefaction. 
Coal and biomass requires size reduction before they are 
fed into the CFB gasifier to obtain appropriate particle 
size. With the reduction in particle size, overall surface 
area and porosity of the particles improves and as a result 
heat and mass transfer rates are enhanced. This process 
often involves pellets formation of biomass so that den-
sity improves and material flow of the particle may take 
place in the feeder region. It also helps in easy removal of 
fuel gas obtained from the gasification process. The size of 
feedstock for CFB system should be less than 20 mm and 
moisture content should be between 5-60%44,45. 

J-valve, seal pot and loop seal28–30 are the important ones. 
Loop seal is gradually replacing other on-mechanical 
valves as it provides effective control of solids recircu-
lation and establishes leak tight operation in the loop31. 
In addition to that, use of other configuration like inter-
nal circulation of fuel has also been reported by several 
researchers32–34, where the fluidized bed is divided into 
inter-connected compartments. For continuous cir-
culation of bed materials, differential superficial gas 
velocity is optimized between the fluidization chambers. 
The chambers can be of draft tube within an annulus34,35, 
or separated by using baffles36,37, vertical walls fitted with 
orifices38 or combination of both39.

3.3  Environmental Benefits of CFB
Inherent impurities like Sulphur compounds, tar, nitrogen 
compounds can be easily removed in the case of CFB 
systems. The carbon conversion efficiency in CFB sys-
tems is very high close to 99.5%. A typical CFB system 
captures 90% of the sulfur based compounds with only 
1.5-2.5 times the sorbent, while a bubbling fluidized bed 
system may require 2.5-3 or more for 90 % capture. Low 
levels of nitrogen based compounds have been constantly 
observed in all plant scale CFB systems. A high carbon 
conversion rate per unit cross sectional area is one of the 
major advantages of CFB gasifiers13.

If co-firing of biomass with low grade coal like peat 
and lignite is done, then the net carbon emission can be 
greatly reduced. Integrated gasification combined cycle 
(IGCC) is an energy efficient cycle which utilizes gasifi-
cation in two step. In the first step, the fuel is converted 
to fuel gas and in the second step the fuel gas gets trans-
formed to electricity in a combined cycle power block that 
consists of a gas and a steam turbine process including 
a heat recovery steam generator40,41. Ultra supercritical 
(USC), pressurized CFB systems and IGCC with pollut-
ants and carbon capture technology can further increase 
the overall efficiency and make it more eco friendly42.

3.4  CFB Technology Developers
In India, several biomass gasification plants (fixed bed 
type) are installed with capacity of 1kW to 1.5 MW. The 
prominent developers of these plants are CGPL, OVN, 
SYNERGY, ARUNA, BETEL, NETPRO, ENERGREEN 
and ARRYA43. Technology is improving day-by-day and it 
is an essential task to collaborate with global CFB develop-
ers to implement this technology in rural India. There are 
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much more reactive feedstock than the original biomass 
with lower H/C and O/H content. Torrefied pellets have 
comparable properties with that of coal, so biomass could 
replace a bulk of dependence on coal50. With Pyrolysis, 
CO and H2 production increases greatly in the gasification 
process51,52. 

4.2  Gasification
Several researchers have studied CFB gasifier using 
different types of biomass and coal. In these studies, it 
was found that air ratio, suspension density, operating 
temperature, particle size and material species have been 
proved to play a very crucial role on gasification kinetics 
of woody biomass53,54. Table 5 describes various reactions 
involved in a typical gasification process. 

Woody biomass mainly comprises of cellulose and 
hemi-cellulose (60-80%), lignin (10 to 25%) and some 
other extractives and minerals on dry basis56,57. The pro-
portion of these species affects the gasification process 
greatly. It was reported58 that efficiencies of carbon con-
version for cellulose, hemi-cellulose and lignin are 97.7%, 

Woody biomass contains 30-31% moisture content on 
dry basis46. High moisture content results in incomplete 
gasification and reduction in gasification temperature. It 
is often recommended that the content of moisture prior 
to gasification should be below 10-15%47. Drying of bio-
mass results in shrinkage of the cell wall. The long chain 
structure of the molecule moves closer and due to that 
binding strength greatly improves. Different materials 
were dried in CFB incinerator and it was found that the 
textile was the most difficult one to dry whereas coal was 
quite easily dried. The reason could be the density and 
fluidizing behavior of materials inside the CFB setup. 
Figure 3 shows the loss rate of moisture with the pas-
sage of time. It also shows the sequence of drying (easy to 
difficult) coal > paper > orange peel > PVC > textile48.

Torrefaction/pyrolysis process involves thermal 
decomposition of biomass in the complete absence of 
oxygen and in the temperature range of 250 to 300 °C to 
drive off moisture, a hemi-cellulose completely and cel-
lulose partially49. After torrefaction biomass has both 
reactive as well as unstable cellulose molecules as a result 
of broken hydrogen bonds. It remains with it 79-95% 
of total biomass energy and at the same time produces 

Figure 2.  CFB gasification process and its classification.

Figure 3.  The effect of loss rate of moisture of different 
materials in CFB48.
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Table 5.  Typical gasification reaction55

Reaction type Reaction
Carbon reactions
C1, Boudouard C+O2 2CO +172 kJ/mol

C2, Water gas or steam C + H2O CO +H2 +131 kJ/mol
C3, Hydro-gasification C+2H2 CH4-74.8 kJ/mol

C4 C + 0.5O2 CO-111 kJ/mol
Oxidation reaction

O1 C +O2 CO2 -394 kJ/mol
O2 CO +0.5 O2 CO2-284 kJ/mol
O3 CH4 + 2O2 CO2 +2H2O-803kJ/mol
O4 H2 + 0.5 O2 H2O -242 kJ/mol

Shift reaction CO + H2O CO2 +H2 -41.2 kJ/mol
Methanation reaction

M10 2CO + 2H2 CH4 + CO2 -247 kJ/
mol

M11 CO +3H2 CH4 + H2O -206 kJ/mol

M14 CO2 +4H2 CH4 +2H2O -165 kJ/
mol

Steam reforming 
reactions

M12 CH4 +H2O CO +3H2 +206 kJ/mol
M13 CH4 + 0.5O2 CO + 2H2 -36 kJ/mol
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( C)74

The temperature inside CFB is close to isothermal but 
it has immense effect on fuel gas composition and calo-
rific value of the obtained gas. P. Garcia-Ibanez and his 
co-workers have performed air gasification for orujillo 
(olive oil waste) and found that Carbon conversion of 
81.0–86.9% was obtained for leached orujillo at 800 °C and 
the gas yield increased with the increase in equivalence 
ratio60. In experiments conducted76, the concentration of 
H2 obtained from Agrol, willow and Dry Distiller’s Grains 
with Solubles (DDGS) in the temperature range of 800 to 
820 °C was around 24%, 28% and 20% respectively on a 
N2 free basis. A series of tests were conducted77,78 for wil-
low & seed cake left over of sunflower and Jatropha using 
olivine, silica sand and pre-calcined olivine as bed materi-
als. Hydrogen production, Carbon Conversion Efficiency 
(CCE) and Cold Gas Efficiency (CGE) as well as tar levels 
were found to be higher in the case of seed cake residues 

92.2% and 52.8% respectively. It was investigated that 
lignin contributed to high H2 yield in the gasification pro-
cess i.e., up to four times greater than that of cellulose59. 
The main benefit of using CFB system is its versatility in 
the choice of biomass. Any type of carbonaceous fuel may 
be used as feed stock in CFB gasifiers to produce com-
bustible or fuel gas. Biomass reported in the literature 
includes very low grade fuels like orujillo60, herbs residue61 
and even sewage sludge62. Most investigated biomass for 
CFB gasification is willow, as it has low ash content, due to 
which it is regarded as a very promising feedstock for flu-
idized bed applications63,64. In India, biomass available on 
mass scale mainly comprises of bagasse, rice husk and saw 
dust. The proportion of biomass in the feed stock greatly 
influences the fuel gas composition65,66.

The agent that reacts with either heavier hydrocarbons 
or solid carbon or both, and convert them into gases like 
CO and H2 of low-molecular weight, are termed as gas-
ifying agents. The major gasifying agents are air, steam 
and oxygen which greatly influence the heating value of 
the fuel gas. The typical range of heating values in MJ/
Nm3 for air, steam and oxygen are 4-7, 10-18 and 12-28 
respectively67–69. The most popular gasifying agent in CFB 
gasifier is oxygen, which is supplied in both pure form 
and through air. Its products comprise mainly of CO for 
low content of oxygen and CO2 for high content of oxy-
gen. The use of air on the other hand greatly reduces the 
heating value of the fuel gas due to presence of nitrogen 
in high content. It was shown70 that the gas composition 
of CO2 increases with increase in ER while other reducing 
species like H2, CH4 and CO decreases with increase in ER 
which is shown in Figure 4. In co-gasification study71,72, it 
was found that with the increase in ER ratio, fuel gas yield 
increased.

Steam gasification is endothermic in nature and requires 
quite a large amount of energy73. Very little literature can 
be found on steam gasification in CFB. It was investigated 
that with the increase in S/B ratio for coir pith, there was 
increase in tar yield and decrease in gas heating value, gas 
yield & carbon conversion74. Figure 5 shows that for S/B 
ratio of 4.5, ER-0.2 and temperature of 1008 °C, hydrogen 
yield of 43% was obtained. Addition of air to steam gasifica-
tion (air-steam gasification) is an alternative for supplying 
energy on the partial combustion of biomass with air, but 
it results in the lower quality of the product gas75. Peterson 
and Werther concluded that CO2 gasification reactions 
often do not proceed to a good extent at relatively low 
temperatures thus preventing ash sintering62.

Figure 4.  Effect of ER on gas composition70.
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temperature range of 691-952 °C. Major gases obtained as 
product are H2 and CO2. 

4.3  Downstream Processing
In order to obtain clean fuel gas, it is quite essential to 
perform downstream processing which involves removal 
of particulate matter, alkali, chlorine, heavy metals, nitro-
gen, sulphur and tar to produce clean fuel gas for further 
applications. Important and critical ones include particu-
late, alkali and tar removal technologies which are briefly 
discussed in the subsequent sub headings. 

4.3.1  Particulate Matter Removal
Fuel gas obtained as end product also comprises of some 
particulate impurities like char and ash particles and its 
amount generated is dependent on the variety of used 
gasifier47. It may range from less than 1 µm to more than 
100 µm89. High temperature removal of particulate mat-
ter includes barrier filtration, electrostatic separation and 
inertial separation. The important device mostly used 
in circulating fluidized bed is cyclone since a long time 
beside dust agglomerators and impact separator90,91. Rigid 
filters made of metallic or ceramic material have shown to 
remove particulates matter upto 99.9% when operating at 
400 °C and particle size less than 100 µm92. For removal 
at near ambient condition, different types of scrubbers 
are used which includes impactor scrubber, cyclonic 
spray scrubber and electrostatic scrubber93. Impactor wet 
scrubber has the capability to remove more than 98% of 
particulate matter with larger particle size93.

4.3.2  Alkali Removal
Alkali and alkaline metals like Na, Ca, K, Mg etc., are 
present in the feed stock and forms oxide at 700 °C dur-
ing gasification. At 650 °C and below, it condenses and 
gets deposited on the downstream section of the gasifiers 
causing corrosion. These deactivate the catalysts which are 
used for tar removal94–96. In order to remove alkali metals 
effectively, less than 600 °C is essential in order to bypass 
particulate removal equipment97,98. Bauxite has proved to 
have better removal capabilities with as high as 99% effi-
ciency which is reached in less than 0.2s91. Simultaneous 
removals of alkali and chlorine have been achieved by the 
use of alumino-silicates and sodium carbonate into the gas 
stream99. At ambient temperature, it is found that alkali 
compounds are water soluble, so they can be removed by 
leaching or water washing process and efficiency of more 
than 95% has been obtained by its use100.

compared to willow. At 750 °C, tar level was found to be 
18% more for willow wood compared to jatropha and sun-
flower was measured 44% higher than willow considering 
olivine as bed material77. 

In a series of test run conducted by E. Kurkela and his 
co-workers79,80 for wood fuels, gasified at 0.2-0.25 MPa, 
using a mixture of steam and air as the gasifying agent, it was 
found that very high conversion of carbon in the range of 
98.5 to 99% was obtained for all the three feedstock. Pressure 
up to 0.4 MPa was found stable for the operation of gasifica-
tion in CFB. Also, all decomposition rate in the reformer for 
C2-hydrocarbon gases resulted in over 98% conversion of tars 
and 92 to 99% of benzene, whereas the resultant conversion 
rates for methane and ammonia was much lower. 

Catalysts greatly influence and enhance the gasification 
rates in CFB gasifier. In a study, it was found that negli-
gible tar was formed using Rh/CeO2/SiO2 catalyst in low 
temperature gasification81,82. Pre-calcined olivine not 
only showed an increased activity for tar reduction in 
comparison to silica sand or untreated olivine, but also 
enhanced syngas quality and hydrogen production78. 
Increasing the steam-to-biomass ratio from approxi-
mately 0.7 to about 1.2 reduced tar and increased H2 yield 
about 10% (dry basis) and by 20% (dry basis) for catalytic 
candles. By using catalytic filter candles, it was found the 
conversion of tar compounds increased by 2.8 times as 
compared non-catalytic filter elements83. Table 6 shows 
different CFB gasifiers being operated with varying pro-
cess parameters. Gasifying mediums along with different 
carbonaceous fuels, operating pressure, bed material, 
outlet fuel gas composition and temperature range for 
gasification reaction are summarized in table as under. 

Co-gasification and flexibility of fuel is the need of 
hour. One cannot rely only upon conventional fuels like 
coal. CFB gasifiers are pioneer in fuel flexibility as well 
as co-gasification of biomass with coal. No major modi-
fication in the setup is required while working with 
co-firing of biomass and coal. Successful experiments on 
co-gasification of lignite (up to 55% by weight) and wood 
in a CFB gasifier was reported87. Beech wood chips and 
lignite were used as fuel and steam as gasifying agent in 
the temperature range of 800-900 °C. CO and H2 were 
major components in the product gas. It was found that 
with the increase in lignite content, tar content reduces. 
Similar experiments were performed in internal circulat-
ing fluidized bed gasifier88. Pine wood, German brown coal 
and wood wood/coal pettets were used as fuel. Steam was 
used as gasifying agent and gasification was done in the 
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of this new technology are: (1) There is always possibility 
of manufacturing pilot plants for successful demonstra-
tion and minor feeds and where requirement is higher 
one can opt for larger capacities. (2) India has successfully 
installed downdraft gasifier of different sizes accord-
ing to the biomass available and its requirement, so the 
acquired experience in fixed bed gasification should be 
implemented in the advancement of CFB gasification 
technology. (3) A common collection point should be 
made in different local communities to collect the crop 
waste and biomass. (4) A robust model must be prepared 
in order to motivate and attract local farmers and entre-
preneurs should come forward to supply biomass/crop 
waste to the processing centers. (5) The places that are far 
off from CFB gasification plants should be made to supply 
biomass in the form of pellets which are denser and can 
be easily transported. (6) There could also be a possibil-
ity of growing energy crops in case of crop failure or in 
marginal and degraded land which includes fast growing 
grasses like bamboo and napier.

7.  Conclusion
In India, the CFB gasification systems can play an 
important role in effectively harnessing huge potential of 
available biomass resources to produce useful clean com-
bustible fuel. Off grid use of biomass energy through CFB 
technology has a wide scope that can contribute towards 
electrification in the rural areas and in decentralized 
energy production. In view of this, biomass gasification 
has already gained greater attention for the generation 
of fuel gas in recent years due to its reduced emission, 
near isothermal reactions and better transport rates. The 
conversion process of biomass has been improved to get 
tar free fuel gas by using different types of catalysts. For 
CFB, pre-calcined olivine has shown to have an increased 
activity for tar reduction in case of air gasification. For 
steam-oxygen process, pressurized CFB gasification up 
to 0.4 MPa is found to be stable. Catalytic candles have 
been shown to reduce tar and increase H2 yield up to 
two times as compared to non-catalytic filter elements. 
In near future CFB technology can be adopted to meet 
the demand of energy with the utilization of low grade 
fuel resources. Government of India is providing various 
subsidies to biomass powered plants. Low grade Indian 
coal can be mixed with biomass materials to reduce net 
carbon emission to the environment. Use of CFB systems 
in dual fluidized bed and IGCC can further increase the 

4.3.3  Tar Removal
It is found that with the increase in temperature, tar 
content decreased considerably. In a study, 2.2 and 6.8 
g/Nm3 were obtained as lowest and the highest amount 
of tar content for willow wood investigated with olivine 
as recirculation material at a temperature of 800 °C and 
with common sand as inventory at 750 °C, respectively77. 
Tar can be removed by thermal & catalytic cracking, 
physical separation processes and non-thermal plasmas. 
Higher temperatures of more than 1100 °C are required 
for removal of tar through thermal cracking process101,102. 
Calcined dolomites as catalysts have shown removal effi-
ciency of tar by 95%103. Similarly olivine (Mg,Fe)SiO4) is 
found to have increased conversion of carbon in the gasifi-
cation of recycled polyethylene pellets104. In non-thermal 
plasmas, pulsed corona plasma is quite attractive and is 
shown to reduce tar at 400 °C105,106. Wet scrubbers similar 
to particulate removal have also shown good capability 
in tar removal. OLGA technique (a Dutch acronym for 
oil based gas washer) operates in the range of 60-450 °C 
removes and reuses tar components107.

5. � Challenges and Hindrances in 
the Road Map

CFB gasification technology finds tough challenges for 
its successful exploration and utilization in the country. 
Prominent among them are: Firstly, CFB systems are 
generally of very large capacity i.e., 10 to several hun-
dreds of MW capacity and involve a lot of initial capital 
investment. Secondly, this technology is relatively new to 
the manufacturers so it will be difficult on their part to 
manufacture it on mass scale. Thirdly, agricultural lands 
in the country are of defragmented nature which restricts 
the use of high mechanization, resulting in reduced effi-
ciency and increased procurement cost of biomass/coal 
feeds. Fourthly, biomass price is on constant rise after 
commissioning of new power projects by MNRE, GOI and 
Government subsidies are not being regulated regularly. 
Lastly, it is common human mentality that waste is equiva-
lent to ash so they are least bothered about its utilization. 

6.  Future Scope and Suggestions
With proper planning and step-by-step approach, the task 
will certainly be accomplished108. The actions plan that is 
recommended to enhance the efficient commercialization 
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overall efficiency of plant. Hurdles in the road to mass 
scale installation of CFB gasifiers includes new gasifier to 
Indian manufacturers, rise in price of biomass, non-regu-
larity in existing government subsidies and awareness in 
marginal farmers. These may be overcome by manufactur-
ing mass scale CFB gasifiers in sizes as per requirement, 
use of experience in down draft gasifiers etc. 
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