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Abstract— In India each year, million tons of west biomass 

produces like rice husk, saw dust, bagasse, straw, and 

groundnut shell powder. Fluidized bed operated with this 

type of powdered form biomass or which are converted in to 

powdered form and this biomass converted in to useful 

product producer gas which can be used to generate energy. 

India is developing country so energy demand is increase 

day by day so we have to turn at the non-conventional 

energy sources like this. So for this to improve the 

performance and increase the energy output how the 

parameters affecting like Equivalence Ratio(ER), 

Fluidization Velocity, Bed Height, Temperature, HHV or 

LHV, Gas composition etc. are discussed. This paper 

summarizes the research literature referred relative to the 

fluidized bed gasification affected by the various 

parameters.                              

Key words: Fluidized bed Gasifier, ER                   

I. INTRODUCTION 

Fluidized bed gasification is the one type of gasification 

technology where biomass or a powdered form material 

gasified and the produce producer gas which has 

component like CH4, CO, H2, O2, N2, CO2 and other gases. 

But the main component are CH4, CO, H2 because those 

gas have heating value and they are used for combustion in 

the IC engine, Heating purpose, also used in to the 

furnaces and where heating is required it is also used in to 

the steam power plant to generate the power and generator 

directly connected to the IC engine which also generate 

the power.  

 
Fig. 1: Fluidized Bed Gasifier 

Fluidized bed operated with the supply of air, 

steam or mixture of both so the bad material sand is coming 

under the fluidized condition and temperature range is also 

600 to 900°C for the bed section. Now partial combustion 

take place and the chemical reaction take place like water-

bound reaction, Methanation, water gas reaction and shift 

conversion from this reaction the hydrogen, methane and the 

carbon monoxide generate. 

Principle of fluidization is shown in the following 

figure if air is supplied from the bottom of the gasifier the 

material is in contacted with the air and is coming in to the 

fluidized condition. 

 
Fig. 2: Fluidization Principle 

II. LITERATURE REVIEW 

This section summarizes the research literature referred 

relative to the parameters that are affecting to the fluidized 

bed operation. 

A. Rao T. R. and Bheemarasetti J.V. Ram. (2000)[1];  

they are studied the minimum fluidization velocity affected 

by the biomass size, its mixture with inert material and 

different density. The experimental minimum fluidization 

values obtained for the different sands and biomass 

materials for different weight fractions 2%, 5%, 10%, 15% 

of biomass. From these tables it is observed that the     
values increase with the increasing weight percentage of the 

biomass as well as with the increasing density of the sands 

and decreases in the sand particle size. 

B. Lv P.M. (2004) et al [2];  

they study the characteristics of biomass air–steam 

gasification in a fluidized bed gasifier. They investigate the 

effects of reactor temperature, equivalence ratio (ER) and 

biomass particle size on gas composition, gas yield, steam 

decomposition, low heating value (LHV) and carbon 

conversion efficiency. Temperature increase in the range of 

700-900 °C in 50°C increments the    concentration tend to 

increase and     tends to decrease CO content also 

decrease in the temperature range. Too small ER will lower 

reaction temperature, which is not favorable for biomass 

steam gasification. Too large ER will consume more    and 

other combustible gases through oxidization reaction. So 
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there exists an optimal value for ER, which is different 

according to different operating parameters. Particle size 

also studied if we reduce particle size it gives higher lower 

heating value and higher carbon conversion efficiency. 

 
Fig. 3: Effect of ER on Gas composition 

C. Lim M. T. (2008) et al [3];  

they observe non-uniformity of the wood chip particles will 

influence gasification reaction rate. But there was intense 

mixing caused by the fluidized sand, temperature 

longitudinally did not vary much and were almost similar in 

the reactor height, indicating that the irregular shapes and 

size of wood chips did not affect the temperature. The 

HPLC analysis of the condensates revealed that phenol, 

amount maximum. It was reduced by an increase in bed 

temperature to above 800°C would have converted it to 

heavier compounds and tars would not be soluble in water. 

Drop in calorific value of char. The heat loss can be 

countered by insulating the process pipes. 

D. Karatas H. (2012) et al [4];  

 
Fig. 4: ER affects the heating value of the gas 

In this paper they study the gasification of waste tire in 

BFBG and observe the effect of equivalence ratio on the 

composition of gas yield and bed material particle size affect 

the gasification process. Lower ER values resulted in higher 

    and    concentrations but lower CO and     
concentrations. In addition, the decrease in CO was not as 

strong as the decrease in    . ER drastically affects the 

LHV of the product gas because of the increases in     and 

   concentrations so LHV goes higher. Among all test 

results, the highest LHV of 7.03 MJ/Nm³ is obtained at the 

ER of 0.15 and the lowest LHV of 2.66 MJ/Nm³ is observed 

at the ER of 0.44 for the bed material particle size of 140–

250 µm. 

E. Kim Y. D. (2013) et al [5];  

they study the effect of ER on the air blown bubbling 

fluidized bed gasifier. They observe that composition of gas 

yield and its lower heating value studied in terms of ER. The 

concentration of producer gas tended to increase as ER 

decrease from 0.27 to 0.19. The hydrogen concentration, 

which is important for combustion of CO in syngas engines, 

increased from 14.5% to 16.5%, carbon monoxide increased 

from 13.8% to 16.1%, and     increased from 4.0% to 

5.3%. The total volume of the product gas decreased as ER 

was reduced. The lower heating value of the producer Gas 

also increase when ER was reduce it goes to 4.7 to 5.7 

MJ/Nm³. 

F. Karmakar M.K. (2013) et al [6];  

the HHV of product gas, computed from the measured gas 

analysis, was found to increase from 5.13 MJ/Nm³ at 600°C 

to 5.28 MJ/Nm³ at 750°Cat equivalence ratio of 0.35 

because of higher carbon conversion. The hydrogen and 

carbon monoxide contents in fuel gas were increased with 

rise in bed temperatures, but decreased with higher 

equivalence ratios. The experimentally obtained 

concentrations of    and CO were in the range of 8.92–

18.49% and 11.72–26.59% respectively. The HHV was 

obtained as 3.86 MJ/Nm³ for 0.45 ER and 800 °C, whereas 

the same was 6.50 MJ/Nm³ for 0.25 

 
ER and 725 °C. So it was seen that the higher ER 

resulted in Figure 5. Experimental and predicted gas 

composition at various temperature at ER 0.35less heating 

value fuel gas, but produced more gas yields. The cold gas 

efficiency was found to decrease at higher equivalence ratio 

due to presence of more C   in the fuel gas, even though 

the rate of carbon conversion was more with the rise in bed 

temperature. 
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Fig. 6: Experimental and predicted gas compositions vs. 

ER at temperature 725 °C. 

G. Mohanty P. (2014) et al [7];  

in this paper they observe that the increase in the ER the 

concentration of CO, C  ,    decrease and concentration of 

gases like CO2 and H2O vapours produced from the 

combustion process became higher. If ER is lower than the 

value of HHV is higher and for higher ER 0.38 the HHV 

value is lower which is 3.98 MJ/Nm³ to 3.6 MJ/Nm³. 

 
Fig. 7: Variation of the gas composition and temperature 

and HHV of the producer gases with equivalence ratio (ER) 

H. Chunjiang Y. (2011) et al [8];  

they study the influences of bed material size and type, 

feeding mode, temperature, and fluidization number on 

agglomeration were discussed, and the mode of alkali 

accumulation in the bed was analysed. The results show that 

low bed temperature, short fuel in-bed residence time, high 

fluidization number, and small bed material particles are 

conducive to agglomeration prevention. When the 

temperature of the fuel particle in the bed is lower, the 

extent of possible ash melting is lower; subsequently, the 

time to de-fluidization is longer. Although agglomeration is 

unavoidable at this temperature level, small bed materials 

affect agglomeration prevention. 

 
Fig. 8: melting of straw at 900°C (agglomeration) 

I. Manuel Campoy (2014) et al [9];  

various experiment done on fluidized bed (FB) gasification 

of various wastes was carried out by taking tests in a100 

KW pilot plant. Four feed stocks were tested: orujillo, meat 

and bone meal (MBM), dried sewage sludge (DSS) and 

compost from municipal solid waste (MSW). The air ratio 

(the ratio between the actual and stoichiometric air flow 

rates) was varied for each fuel between 0.23 and 0.43 giving 

temperatures in the range of 770–870 °C. The carbon 

conversion increase with ER because of the higher the 

temperature and it goes up to above 90%. Cold gas 

efficiency is also maximum between 0.3 to 0.35 ER. Also 

tar content founded maximum in the MSW after followed 

that MBM, DSS and orujillo. 

J. Kuo J. H. (2013) et al [10];  

they have studied the increasing the amount of Hydrogen 

production from the biomass gasification in the fluidized 

bed reactor with the bed additives zeolite, CaO, and Ca- and 

Mg-based silica sands. Amount of this additives taken as 

200 g. the CaO have highest capacity of increasing 

Hydrogen yield and if Zeolite is mixed with CaO then it 

reduce the amount of carbon dioxide production. 

K. Arena U. (2014)et al [11];   

they experiment on a to plastic waste in bubbling fluidized 

bed gasifier and uses a olivine and neo silicate based Mg 

and Fe catalyst used in the gasifier polyolefin plastic wastes, 

was uses as bed material. Gasifier has internal diameter is 

0.38m and its thermal capacity is 400 KW. The fluidization 

velocity is 0.7 m/s and temperature is 850 degree C and ER 

is 0.2 to 0.3. They derived olivine as a good tar reducer and 

the plastic waste with cellulose has higher ash content and 

LHV is higher for this. 

L. Miccio F. (1999) et al [12];  

they done experiment on the post conversion of carbon in 

the freeboard section and they show that it is 70% 

conversion in the freeboard. The particulate measured at 

different height at 1.8 and 2.8 m so is give us a carbon 

conversion at freeboard section. 

M. Hernandez J.J. (2013) et al [13];  

they have studied the tar production at various condition and 

An analytical HPLC method has been used for the detection 

of polycyclic aromatic hydrocarbons (PAHs), benzene, 
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toluene, ethyl-benzene and xylenes (BTEX), phenol, and 

pyridine. They derived that if lower temp and higher the 

fuel/air ratio then higher the amount of tar production. They 

also used steam as a gasifing agent but it cannot more affect 

at higher temperature like 1273 K. but if temp is lower than 

tar production is higher. 

N. Hosseini M. (2012) et al [14];  

they analyse the biomass gasification of sawdust by either 

air or steam. They do an analysis and find that physical 

energy of steam gasification has higher because of its higher 

temperature and exergy efficiency of air biomass 

gasification is higher due to its higher amount of syngas 

production. Also moisture content effect on the system 

performance due to increase in moisture content temperature 

of the bed decrease and amount of carbon Dioxide is 

increase and it is the exothermic reaction so the liberated 

heat is consumed by endothermic reaction and more H and 

CO produced. 

O. Rapagna S. (1997) et al [15];  

they doing experiment on almond shell by steam 

gasification and effect studied in the context of the operating 

temperature and particle size on yield of producer gas. The 

temperature increase from 600 to 800 °C then the gas yield 

double and particle diameter decrease then tar and char 

production decrease. 

III. CONCLUSION 

In most cases they studied about the ER, Temperature, 

biomass size, Gas yield, Gas composition, heating value of 

the gas etc. 

If the ER increase the temperature of the gasifier 

increase because of the increasing the air supply which 

increase combustion process. And also increase the carbon 

conversion efficiency it convert more amount of raw carbon 

in to the CO, CO2, CH4. It also increase the gas yield but 

reduce the heating value of the gas because it produce more 

non-combustible gas like CO2, N2 etc. which has no heating 

value. 

If biomass particle size increase it increase the 

minimum fluidization of velocity but not more effect on the 

gasification temperature. The use of bed material as 

dolomite and olivine it increase the heating value and the H2 

production. So the use of catalyst increase the heating value 

or the quality of the gas composition.  

In fluidization the agglomeration is also produce so 

the melting of the ash was reduced by the temperature below 

to the ash melting point otherwise it produce DE 

fluidization. 

It also terminate the biomass because some particle 

has smaller size so its terminal velocity is lower and 

terminate in to the cyclone. So the gasifier efficiency is 

lower it nearly about 60% to 70 %. 
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