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Abstract—  The process of biomass gasification was carried 

out in a downdraft gasifier by using different biomass like 

rice husk, coconut coir and sugarcane bagasse as feed 

materials. The product gas or syngas  produced  was  studied  

by  varying  parameters  like  temperature  of  operation,  the  

use  of catalyst  as  the  bed  material  in  the  downdraft 

gasifier  by  maintaining  other  parameters  like equivalence  

ratio  and  steam  to  biomass  ratio  constant. The bed 

material was prepared by mixing silica sand with dolomite 

and  silica  sand  with  red  mud  in  different  proportion  by  

weight. The syngas produced was analyzed by a portable 

gas analyzer. It was found that the concentration of 

hydrogen in the syngas increases with the increase in 

temperature and the amount of catalyst as the bed material 

in the gasifier. The concentration of other components of 

syngas, viz. CO2, CH4 and CO was observed to remain 

constant or decrease slightly with increase in temperature. 

Key words: Downdraft gasifier, catalyst, rice husk, 
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I. INTRODUCTION 

Gasification is basically a thermo chemical conversion 

process which converts biomass materials into gaseous 

component called as producer gas. Gasification has been 

successfully used to convert prepared biomass (i.e. fuel 

wood, wood chips, agriculture stalk, briquettes of several 
residues, forest biomass etc.) into a clean fuel gas. These all 

gasification process is done in the gasifier reactor. 

 
Fig. 1: Waste suitable for gasification 

The producer gas mainly consist of 15-20% carbon 

monoxide, 45-50 % nitrogen, 2-5 % methane, up to 10 % 

Carbon dioxide and 15-20 % hydrogen.  

Producer gas is a low calorific value gas 900-1200 kcal/Nm
3
 

producer gas used in bakeries, food processing industries, 

hot air generators, furnaces, boilers etc and also used in 

internal combustion engines for power generation application. Small 

contaminants like char particles, ash and tar are also present 

in this gas. Cleaning makes the gas suitable for heating and 

power generation applications. 

Biomass gasification is a process that converts 

biomass in to a combustible mixture (mainly CO, H2,  CO2  

and  CH4.This  is  achieved  by  reacting  the  biomass  at  

high  temperatures,  without combustion, with a controlled 

amount of oxygen, air and/or steam. It is preferable over 

pyrolysis for production of hydrogen because almost all the 

product of gasification are gases with a small amount  of  

tar. The  hydrogen  produced  from  the  gasification  

process  can  be  used  directly  as  a source  of  energy or  

used  in  hydrogenation  process,  saturate  compounds  and  

crack  hydrocarbon etc. It is also used in manufacturing of 

different chemicals like ammonia, methanol etc. 

Biomass + heat + steam + air → H2   + CO + light or heavy 

hydrocarbons + char   

There   are   four   distinct process takes place in a 

gasifier. As the  fuel   makes   its   way to gasification. They 

are the following: 

(1) Drying of fuel: In this process zone the biomass is 

dried to reduce the moisture content of biomass to 

the desired range of 4-5%. 

(2) Pyrolysis: This is the process zone in which tar and 

other volatiles are driven off. 

(3) Combustion:  in  this  process  zone  all  the  

combustion  reaction  takes  place  in  presence 

controlled amount of oxygen or air. 

(4) Reduction zone: In this process zone all the 

reduction reactions takes place. 

Christoph Pfeifer et al [1]
 
prepared an experiment, 

a lot of research and development work has been carried out 

during the past decade the commercial breakthrough for this 

technology is still to come. One problem that has not been 

completely solved so far is the tar content in the product gas, 

which can cause plugging in the colder parts of the plant. 

Among the possible gas cleaning methods, catalytic hot gas 

cleaning is rather promising because of the complete 

destruction of the tars instead of creating a waste stream 

which is difficult to dispose. Different catalysts were 

measured in laboratory scale reactors fed by synthetic gas 

mixtures and tar model compounds. Commercial steam-

reforming catalysts for heavy hydrocarbons (particularly 

naphtha) proved best as tar decomposing catalysts.  The 

experiments showed that catalysts for the steam reforming 

of heavy hydrocarbons (naphtha) are very effective in 

reforming biomass gasification tars as well as gaseous 

hydrocarbons and also considerably diminish ammonia. 

Conversion rates of 98% for tars and 40% for ammonia 

were easily obtained with space velocities of about 1200 h – 

1 and temperatures of 850 to 900 °C. No deactivation was 

observed over experimental times up to 12 h. 

Jun Han [2]
 
carried out the biomass is an important 

primary energy source as well as renewable energy source. 

As the most promising biomass utilization method, 

gasification/pyrolysis produces not only useful fuel gases, 

char and chemicals, but also some byproducts like fly ash, 
NOx, SO2 and tar. Tar in the product gases will condense at 

low temperature, and lead to clog or blockage in fuel lines, 

filters and engines. Moreover, too much tar in product gases 

will reduce the utilization efficiency of biomass. Therefore, 
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the reduction or decomposition of tar in biomass derived 

fuel gases is one of the biggest obstacles in its utilization for 

power generation. On the basis of their characteristics, the 

current tar reduction or destruction methods can be broadly 

divided into five main groups: mechanism methods, self-

modification, thermal cracking, catalyst cracking and plasma 

methods. About 40– 99% tar can be reduced by the different 

mechanism methods such as water scrubber, venturi 

scrubber, cyclone, ESP and rotational particle separator. The 

self -modification and other methods can not only reduce the 

tar but also convert the tar into useful gases.  In order to get 

Plasma technology can not only effectively remove fly ash, 

NOx and SO2, but also sharply decrease the formation of tar 

during biomass gasification. 

P. Gilbert et al [3] explained the behavior of 

pyrolysis vapors over char was investigated in order to 

maximize tar conversion for the development of a new fixed 

bed gasifier. Wood samples were decomposed at a typical 

pyrolys is temperature (500 C) and the pyrolysis vapors 

were then passed directly through a tar cracking zone in a 

tubular reactor. The product yields and properties of the 

condensable phases and non-condensable gases were studied 

for different bed lengths of char (0–450 mm), temperatures 

(500–800 C), particle sizes (10 and15 mm) and nitrogen 

purge rates (1.84–14.70 mm/s). The carbon in the 

condensable phases showed about 66% reduction by a 300 

mm long char section at 800 C, compared to that for 

pyrolysis at 500 C. The amount of heavy condensable phase 

decreased with increasing temperature from about 18.4 wt% 

of the biomass input at 500 °C to 8.0 wt% at 800 C, forming 

CO, H2 and other light molecules. The main mode of tar 

conversion was found to be in the vapour phase when 

compared to the results without the presence of char. The 

composition of the heavy condensable phase was simplified 

into much fewer secondary and tertiary tar components at 

800C. Additional measures were required to maximize the 

heterogeneous effect of char for tar reduction. 

Pratik N. Sheth et al [4]
 

prepared a biomass 

gasification, conversion of solid carbonaceous fuel into 

combustible gas by partial combustion, is a prominent 

technology for the production of hydrogen from biomass. 

The concentration of hydrogen in the gas generated from 

gasification depends mainly upon moisture content, type and 

composition of biomass, operating conditions and 

configuration of the biomass gasifier. The potential of 

production of hydrogen from wood waste by applying 

downdraft gasification technology is investigated. An 

experimental study is carried out using an impert downdraft 

biomass gasifier covering a wide range of operating 

parameters. The producer gas generated in the downdraft 

gasifier is analyzed using a gas chromatograph (NUCON 

5765) with thermal conductivity detector (TCD). The effects 

of air flow rate and moisture content on the quality of 

producer gas are studied by performing experiments. The 

performance of the biomass gasifier is evaluated in terms of 

equivalence ratio, composition of producer gas, and rate of 

hydrogen production. 

Chunshan Li [5] prepared a demand for natural 

resources and energy, is increasing every day due to the 

rapid expansion of population and urbanization. Higher 

effective utilization such as reduction, reuse and recycle of 

the existing natural resources including waste becomes an 

important reason for the limited nature resource for change. 

Tar is an unavoidable waste or a by-product during biomass 

thermal conversion process or fossil thermal conversion 

(coal gasification, or liquefaction), whose utilization has an 

important influence on the efficiency of energy resource. Tar 

as resource and energy is reviewed in this study. Cracking 

(catalytic or thermal cracking) and reforming (with H2O, 

CO2, H2) are usually used techniques for tar upgrading. 

Considerable research concerning the catalysts for tar 

upgrading has been undertaken. Catalyst research and 

development are the key factors for the success of the 

technology. 

Tomohisa Miyazawa [6] Performance of 

Rh/CeO2/SiO2 in the partial oxidation of tar from the 

pyrolysis of wood biomass (architectural salvage) was 

investigated and compared with various materials such as 

steam reforming Ni catalyst, active clay, USY zeolite, MS-

13X, dolomite, alumina, silica sand, fluorite and non-

catalyst. Rh/CeO2/SiO2 and the steam reforming Ni catalyst 

exhibited much higher performance than any other materials 

in terms of hydrogen production and the amount of tar. 

Therefore, the performance of Rh/CeO2/SiO2 and steam 

reforming Ni catalyst was particularly compared. From the 

result on the dependence of reaction temperature, 

equivalence ratio, and biomass feeding rate, Rh/CeO2/SiO2 

exhibited higher performance than the Ni catalyst, especially 

in terms of tar and coke amount. Furthermore, 

Rh/CeO2/SiO2 was also more stable than the Ni catalyst. 

The catalyst deactivation can be related to the amount of 

coke deposition. The results indicate that Rh/CeO2/SiO2 has 

high resistance to coke formation, and this is related to 

higher combustion activity of Rh/CeO2/SiO2 than the Ni 

catalyst. Furthermore, from the TPR profiles, 

Rh/CeO2/SiO2 had higher reducibility than the Ni catalyst. 

The combination of high combustion activity with high 

reducibility and reforming activity can be related to high 

performance of tar conversion in the fluidized bed reactor. 

SamsudinAnis et al [7] Biomass gasification 

presents highly interesting possibilities for expanding the 

utilization of biomass as power generation using internal 

combustion engines or turbines. However, the need to 

reduce the tar in the producer gas is very important. The 

successful application of producer gas depends not only on 

the quantity of tar, but also on its properties and 

compositions, which is associated with the dew-point of tar 

components. Class 5, 4, and 2 tar become a major cause of 

condensation which can foul the engines and turbines. 

Hence, the selectivity of tar treatment method to remove or 

convert class 5, 4, and 2 tar is a challenge in producer gas 

utilization. This review was conducted to present the recent 

studies in tar treatment from biomass gasification. The new 

technologies with their strengths and the weaknesses in term 

of tar reduction are discussed. 

Tae-Young Mun et al [8] explained an experiment 

with railroad wood ties treated with creosote was conducted 

in a two-stage gasifier to produce a high caloric producer 

gas with low tar content. In the experiments, sand and 

dolomite as the bed material were compared, and the effects 

of temperature in a range from 666 to 818 C and 

equivalence ratio from 0.19 to 0.52 were also investigated. 

the conclusion was the combination of dolomite as the bed 

material and coal-based activated carbon in the tar cracking 
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zone gave the best performance with respect to tar removal. 

With this combination, the total amount of tar was reduced 

by 91.9%, compared to that obtained by using only sand as 

the bed material in the gasifier. As the bottom-reactor 

temperature increased, not only the amount of producer gas 

increased, but also the total amount tar was reduced to 4.5 g. 

Regarding the removal of tar, dolomite in the bottom reactor 

and coal-based activated carbon in the upper reactor gave 

the best result, with 91.9% less tar generated compared with 

only sand in the bottom reactor, but without any additive in 

the upper reactor. In addition, the LHVs of the most 

producer gases were above 7 MJ/Nm3. 

Jindrichsulc [9] explained a pilot scale gasification 

unit with novel co-current, updraft arrangement in the first 

stage and counter current downdraft in the second stage was 

developed and exploited for studying effects of two stage 

gasification in comparison with one stage gasification of 

biomass (wood pellets) on fuel gas composition and 

attainable gas purity. Significant producer gas parameters 

were compared for the two stages and the one stage method 

of the gasification arrangement with only the upward 

moving bed. The   second stage of the gasifier served mainly 

for tar compounds destruction/reforming by increased 

temperature(around 950 °C) and for gasification reaction of 

the fuel gas with char. The experimental gasification data 

clearly demonstrate that two stage gasification with 

temperature of gasification in the first stage about 670 C and 

ER = 0.32 and in the second stage 950 C (overall ER = 0.71) 

can produce relatively clean gas, with low tar compounds 

concentrations. 

Umberto Arena [10]
 

carried out a critical 

assessment of municipal solid waste gasification today, 

starting from basic aspects of the process (process types and 

steps , operating and performance parameters) and arriving 

to a comparative analysis of the reactors (fixed bed, 

fluidized bed, entrained bed, vertical shaft, moving grate 

furnace, rotary kiln, plasma reactor) as well as of the 

possible plant configurations (heat gasifier and power 

gasifier) and the environmental performances of the main 

commercially available gasifiers for municipal solid wastes. 

The analysis indicates that gasification is a technically 

viable opt ion for the solid waste conversion, including 

residual waste from separate collection of municipal solid 

waste. It is able to meet existing emission limits and can 

have a remarkable effect on reduction of landfill disposal 

option. 

Anchan Paethanomet al [11] discussed the biomass 

gasification is an attractive and successful waste-to-energy 

technology. Even though it has been performing effectively, 

many troubles are still occurring. For advanced applications, 

gas needs to be clean enough and tar should extensively be 

removed. Otherwise, tar in the producer gas will condense at 

reduced temperature and will cause blocking and fouling of 

engines. Physical tar removal is proven to be technically and 

economically attractive approach for gas cleaning.  three tar 

removal techniques were investigated for each type of tar; 1) 

heavy tar removal by absorption using vegetable oil and 

waste-cooking oil scrubbers, 2) light tar removal by 

adsorption using rice husk and rice husk char adsorbent bed 

and 3) heavy tar removal by combination of absorption and 

adsorption using vegetable oil scrubber and rice husk char 

adsorbent bed. Temperature of the thermal tar 

decomposition process was set at 800 °C. The combination 

of the vegetable oil scrubber with the rice husk char 

adsorbent bed could remove as high as 95.4% of the 

gravimetric tar. 

J.J. Hernández et al [12]
 
studied this work aims to 

study the effect of the operating conditions (biomass/air 

ratio, temperature and gasifying agent) on the production 

and the technical and environmental hazard of tars produced 

in a small scale drop-tube gasifier. An analytical HPL C 

method has been used for the detection of polycyclic 

aromatic hydrocarbons (PAH s), benzene, toluene, ethyl-

benzene and xylenes (BTEX). BTEX have been found as the 

main constituents of tars. (60e 70%wt.) Phenol production is 

favoured at lower temperatures or/and higher steam content 

(around 50% wt. of the tar mixture at 750°C and steam 

gasification). A progressive aromatization of tars has been 

observed when increasing the temperature, the effect of 

steam addition on tar composition being not significant at 

temperatures higher than w 1000°C. An increase of the 

relative fuel/air ratio Frg leads to a non-linear rise of the tar 

production due to the lower amount of available oxygen to 

oxidize the volatile matter released from the fuel. Higher 

operating temperatures reduce the total amount of tars 

produced. 

Mohammad Asadullah [13] investigated a 

gasification is one of the promising thermochemical 

conversion technologies, which converts biomass to 

burnable gases, often termed as producer gas. Major 

components of this gas are hydrogen, carbon monoxide and 

methane. this gas can be used in the furnace for heat 

generation and in the internal combustion engine and fuel 

cell for power generation or it can be converted to liquid 

hydrocarbon fuels and chemicals via the Fischer – Tropsch 

synthesis method. Impurities such as tar,  particulate   

matters and poisonous gases including ammonia, 

hydrochloric acid and sulfur gas. The catalyst bed can 

reform tar molecules to gas on the one hand and destroy or 

adsorb poisonous gases and particulates on the other hand, 

so as to produce clean gas.  

(1) The steps of the gas cleaning systems need to be as 

minimum as possible to reduce the thermal input. 

(2) Hot gas cleaning is more advantageous in terms of 

thermal efficiency compared to cold gas cleaning. 

(3) Simple hot gas filtration is not technologically 

viable to provide quality gas. 

(4) Catalytic hot gas cleaning can provide highly 

combustible gas composition with minimum tar 

and other poisonous gases. 

(5) The catalytic guard bed can enhance the durability 

of secondary tar reforming catalyst. 

Jiangze Han, et al [14]
 

explained the catalytic 

upgrading caused the lower total tar yield and the higher 

non-condensable gas yield but the fraction of light tar 

(boiling point < 360 °C) obviously increased to allow 

slightly higher total yield of light tar. When the catalytic 

upgrading was at 600 °C over a layer of char having a mass 

of 20% of the tested coal, the resulting light tar fraction in 

the tar increased by 25% in  comparison with the coal 

pyrolysis only at 600 °C. Over the metal-impregnated char, 

which was 5% of the tested coal in mass, good upgrading 

effect was obtained at 500 °C. The catalytic tar-upgrading 

activity decreased in an order of Co char N Ni-char N Cu-
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char N Zn-char, and over Ni-char the realized light tar yield 

and its content in the tar increased by 17.2% and 32.7%, 

respectively.  

II. CONCLUSION 

The  gasification  process  was  carried  out  successfully  

and  the  variation  of  syngas  composition  with 

temperature and the presence of various catalysts were 

studied by keeping other parameters  like  equivalence  ratio  

and  steam  to  biomass  ratio  constant.  It   has   also   

found  that   red  mud  has  higher catalytic effect than 

dolomite in terms of hydrogen production, as it contains 

many metal contents like iron, some amounts of silica, 

unleached residual aluminium and titanium oxide. The red  

mud  used  as  the  catalyst  is  a  powdered  substance  

which  enables  good  mixing with  the  bed and  enhances  

fluidization  .As  hydrogen  contributes  the  maximum  for  

the  calorific  value  of  the syngas,  so  syngas  of  high  

calorific  value    can  be  obtained  by  using  various  

catalysts  as bed material. 
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