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Abstract 
 

Gasification process is concerned with the conversion of bio wastes 
like husk, hooks, green matters into combustible gas by implementing 
a non-conventional technology.  
The equipment in which this gasification process is carried out is 
called “GASIFIER”. 
Combustible gas can be used in a number of ways: 

• Burnt like a convenient gaseous fuel through appropriate 
burners in case of thermal applications 

• Fed into diesel engines (C.I. Engines) to save 65 to 85% of the 
normal diesel consumption, and,  

• S.I. Engines 
Gasification is a process by which solid biomass is converted by a 
thermochemical process into clean gaseous form in a solid Bio residue 
gasifier. The process involves subjecting the solid biomass to partial 
pyrolysis in substoichiometric quantities of oxygen, resulting in the 
formation of producer gas, which is composed of 18% H2, 20% CO, 
2% CH4, 12 % CO2 and rest N2 and has a mean calorific value of 4.7 
MJ/Kg. The gas is then supplied to a gas engine generator, and the 
electricity generated is grid synchronized for evacuation to the State 
Electricity Grid. 
 
Keywords: Gasifier, producer gas, syn gas, gasification, updraft, 
downdraft, crossdraft. 
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1. Introduction 
Gasification is that process which converts organic or fossil based carbonaceous 
materials into carbon monoxide, hydrogen and carbon dioxide. This is achieved by 
reacting the material at high temperatures (>700°C), without combustion, with a 
controlled amount of oxygen. The resulting gas mixture is called syn gas (synthetic 
gas) or producer gas and is itself a fuel. The power derived from gasification and 
combustion of the resultant gas is considered to be a source of renewable energy. 

Biomass gasification means incomplete combustion of biomass resulting in 
production of combustible gases consisting of Carbon monoxide (CO), Hydrogen (H2) 
and traces of Methane (CH4). This mixture is called producer gas. Producer gas can be 
used to run internal combustion engines (both compression and spark ignition), can be 
used as substitute for furnace oil in direct heat applications and can be used to produce, 
in an economically viable way, methanol – an extremely attractive chemical which is 
useful both as fuel for heat engines as well as chemical feedstock for industries. Since 
any biomass material can undergo gasification, this process is much more attractive 
than ethanol production or biogas where only selected biomass materials can produce 
the fuel. 

 
 

2. History 
The process of gasification to produce combustible from organic feeds was used in 
blast furnaces over 180 years ago. The possibility of using this gas for heating and 
power generation was soon realized and there emerged in Europe producer gas 
systems, which used charcoal and peat as feed material. At the turn of the century 
petroleum gained wider use as a fuel, but during both world wars and particularly 
World War II, shortage in petroleum supplies led to widespread re-introduction of 
gasification. By 1945 the gas was being used to power trucks, buses and agricultural 
and industrial machines. It is estimated that there were close to 9,000,000. Vehicles 
running on producer gas all over the world. 
 
 
3. Gasification Process 
The production of generator gas (producer gas) called gasification, is partial 
combustion of solid fuel (biomass) and takes place at temperatures of about 10000C. 
The reactor is called a gasifier . 

The combustion products from complete combustion of biomass generally contain 
nitrogen, water vapor, carbon dioxide and surplus of oxygen. However in gasification 
where there is a surplus of solid fuel (incomplete combustion) the products of 
combustion are combustible gases like Carbon monoxide (CO), Hydrogen (H2) and 
traces of Methane and nonuseful products like tar and dust. The production of these 
gases is by reaction of water vapor and carbon dioxide through a glowing layer of 
charcoal. Thus the key to gasifier design is to create conditions such that  

a) biomass is reduced to charcoal and,  
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b) charcoal is converted at suitable temperature to produce CO and H . 
 
 

 
 
 

4. Types of GASIFIER 
Since there is an interaction of air or oxygen and biomass in the gasifier, they are 
classified according to the way air or oxygen is introduced in it. There are three types 
of gasifiers 

a) Downdraft 
b) Updraft and  
c) Crossdraft.  
 
And as the classification implies updraft gasifier has air passing through the 

biomass from bottom and the combustible gases come out from the top of the gasifier. 
Similarly in the downdraft gasifier the air is passed from the tuyers in the downdraft 
direction. 

 
 

4.1 Updraft GASIFIER 
This one is oldest and simplest type of gasifier. The air comes in at the bottom and 
produced syn gas leaves from the top of the gasifier. Near the grate at the bottom 
combustion reaction occurs, above that reduction reaction occurs. In the upper part of 
the gasifier heating and pyrolysis of the feedstock occurs as a result of heat transfer by 
forced convention and radiation from the lower zones. Tars and volatile produce 
produced during the reaction will leave along with the syngas at the top of the gasifier. 
Which will be later separated by use of cyclone and candle filter . The major 
advantages of this type of gasifier are its simplicity, high charcoal burn out and internal 
heat exchange leading to low temperature of exit gas and high equipment efficiency. 
This gasifier can work with several kind of feedstock ranging from Coal to Biomass. 
Major drawbacks result from the possibility of “channeling” in the equipment, which 
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can lead to oxygen break-through and dangerous, explosive situations and the 
necessity to install automatic moving grate. Inlet of coal can be decided based on the 
type of gasification process selected to be used in this gasifier. 
 
4.2 Downdraft Gasifier 
In updraft gasifier there is a problem of tar entrainment in the product gas leaving 
stream. A solution is to have primary gasification air introduced at or above the 
oxidation zone in the gasifier. The produced gas is taken out from the bottom hence 
fuel and gas move in the same direction. On their way down, the acid and tarry 
distillation products from the fuel must pass through a glowing bed of charcoal and 
therefore are converted into permanent gases hydrogen, carbon dioxide, carbon 
monoxide and methane. Depending on the temperature of the hot zone and the 
residence time of the tarry vapours . More or less a complete breakdown of the tars is 
achieved. Main advantage of downdraft gasifier lies in the possibility of producing tar 
free gas for engine operation. However in practice very rarely tar free gas is produced 
but the % of tar leaving in product stream is considerably lower than leaving through 
the updraft gasifier. Main disadvantage is that downdraft gasifier cannot be operated 
with range of different feedstocks. Low density feedstock gives rise to flow problems 
and excessive pressure drop. High ash content coal also gives more problem with this 
kind of gasifier than updraft gasifier. Other disadvantage is it gives lower efficiency, 
since there is no provision internal exchange compare to updraft gasifier. The product 
stream also has low calorific value. 
 
4.3 Crossdraft Gasifier 
Although cross draft gasifiers have certain advantages over updraft and downdraft 
gasifiers, they are not ideal. The disadvantages such as high exit gas temperature, poor 
CO2 reduction and high gas velocity are the consequences of the design. Unlike 
downdraft and updraft gasifiers, the ash bin, fire and reduction zones in cross draft 
gasifiers are separate. These design characteristics limit the type of fuel usage 
restricted to only low ash fuels such as wood, charcoal and coke. The load following 
ability of cross draft gasifier is quite good due to concentrated zones which operate at 
temperatures up to 12000C. Start up time (5-10 minutes) is much faster than that of 
downdraft and updraft units. The relatively higher temperature in cross draft gas 
producer has an obvious effect on exit gas composition such as high carbon monoxide 
and low hydrogen and methane content when dry fuel such as charcoal is used. Cross 
draft gasifier operates well on dry air blast and dry fuel. 
 
 
5. Process Zones in Gasifier 
Four distinct processes take place in a gasifier as the fuel makes its way to gasification. 
They are :  

a) Drying zone 
b) Pyrolysis zone 
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c) Combustion zone 
d) Reduction zone 
 
Though there is a considerable overlap of the processes, each can be assumed to 

occupy a separate zone where fundamentally different chemical and thermal reactions 
take place.  

 
5.1 Combustion Zone 
The combustible substance of a solid fuel is usually composed of elements carbon, 
hydrogen and oxygen. In complete combustion carbon dioxide is obtained from carbon 
in fuel and water is obtained from the hydrogen, usually as steam. The combustion 
reaction is exothermic and yields a theoretical oxidation temperature of 14500C. The 
main reactions, therefore are  
 

C + O2 = CO2 (+ 393 MJ/kg mole)  (1)  
 
2H2 + O2 = 2H2O (- 242 MJ/kg mole)  (2) 

 
5.2 Reaction Zone 
The products of partial combustion (water, carbon dioxide and uncombusted partially 
cracked pyrolysis products) now pass through a red-hot charcoal bed where the 
following reduction reactions take place  
 

C + CO2 = 2CO (- 164.9 MJ/kg mole)  (3)  
 
C + H2O = CO + H2 (- 122.6 MJ/kg mole)  (4)  
 
CO + H2O = CO + H2 (+ 42 MJ/kg mole)  (5)  
 
C + 2H2 = CH4 (+ 75 MJ/kg mole)  (6)  
 
CO2 + H2 = CO + H2O (- 42.3 MJ/kg mole)  (7)  

 Reactions (3) and (4) are main reduction reactions and being endothermic have the 
capability of reducing gas temperature. Consequently the temperatures in the reduction 
zone are normally 800-10000C. Lower the reduction zone temperature (~ 700-8000C), 
lower is the calorific value of gas. 

 
5.3 Pyrolysis Zone 
The products of partial combustion (water, carbon dioxide and uncombusted partially 
cracked pyrolysis products) now pass through a red-hot charcoal bed where the 
following reduction reactions take place.  

C + CO2 = 2CO ( - 164.9 MJ/kg mole) (3)  
C + H2O = CO + H2 (- 122.6 MJ/kg mole) (4)  
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 CO + H2O = CO + H2 (+ 42 MJ/kg mole)  (5)  
 
 C + 2H2 = CH4 (+ 75 MJ/kg mole)  (6)  
 
 CO2 + H2 = CO + H2O (- 42.3 MJ/kg mole)  (7)  
 

 Reactions (3) and (4) are main reduction reactions and being endothermic have the 
capability of reducing gas temperature. Consequently the temperatures in the reduction 
zone are normally 800-10000C. Lower the reduction zone temperature (~ 700-8000C), 
lower is the calorific value of gas. Since majority of fuels like wood and biomass 
residue do have large quantities of tar, downdraft gasifier is preferred over others. 
Finally in the drying zone the main process is of drying of wood. Wood entering the 
gasifier has moisture content of 10-30%. Various experiments on different gasifiers in 
different conditions have shown that on an average the condensate formed is 6-10% of 
the weight of gasified wood. Some organic acids also come out during the drying 
process. These acids give rise to corrosion of gasifiers. 

 
 

6. Characteristics of Gasifier Fuel 
Almost any carbonaceous or biomass fuel can be gasified under experimental or 
laboratory conditions. However the real test for a good gasifier is not whether a 
combustible gas can be generated by burning a biomass fuel with 20-40% 
stoichiometric air but that a reliable gas producer can be made which can also be 
economically attractive to the customer. Towards this goal the fuel characteristics have 
to be evaluated and fuel processing done. Many a gasifier manufacturers’ claim that a 
gasifier is available which can gasify any fuel. There is no such thing as a universal 
gasifier. A gasifier is very fuel specific and it is tailored around a fuel rather than the 
other way round. Thus a gasifier fuel can be classified as good or bad according to the 
following parameters:  
 

1) Energy content of the fuel  
2) Bulk density 
3) Moisture content  
4) Dust content  
5) Tar content  
6) Ash and slagging characteristic 

 
6.1 Energy content and Bulk Density of fuel  
The higher the energy content and bulk density of fuel, the similar is the gasifier 
volume since for one charge one can get power for longer time.  
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6.2 Moisture content 
In most fuels there is very little choice in moisture content since it is determined by the 
type of fuel, its origin and treatment. It is desirable to use fuel with low moisture 
content because heat loss due to its evaporation before gasification is considerable and 
the heat budget of the gasification reaction is impaired. For example, for fuel at 250C 
and raw gas exit temperature from gasifier at 3000C, 2875 KJ/kg moisture must be 
supplied by fuel to heat and evaporate moisture. Besides impairing the gasifier heat 
budget, high moisture content also puts load on cooling and filtering equipment by 
increasing the pressure drop across these units because of condensing liquid. 

Thus in order to reduce the moisture content of fuel some pretreatment of fuel is 
required. Generally desirable moisture content for fuel should be less than 20%.  

 
6.2 Dust content  
 All gasifier fuels produce dust. This dust is a nuisance since it can clog the internal 
combustion engine and hence has to be removed. The gasifier design should be such 
that it should not produce more than 2-6 g/m3 of dust. The higher the dust produced, 
more load is put on filters necessitating their frequent flushing and increased 
maintenance. 
 
6.3 Tar content 
Tar is one of the most unpleasant constituents of the gas as it tends to deposit in the 
carburetor and intake valves causing sticking and troublesome operations. It is a 
product of highly irreversible process taking place in the pyrolysis zone. The physical 
property of tar depends upon temperature and heat rate and the appearance ranges from 
brown and watery (60% water) to black and highly viscous (7% water). There are 
approximately 200 chemical constituents that have been identified in tar so far.  

 Slagging, however, can be overcome by two types of operation of gasifier:  
 1) Low temperature operation that keeps the temperature well below the flow 

temperature of the ash.  
2) High temperature operation that keeps the temperature above the melting point 

of ash.  
The first method is usually accomplished by steam or water injection while the 

latter method requires provisions for tapping the molten slag out of the oxidation zone. 
Each method has its advantages and disadvantages and depends on specific fuel and 
gasifier design.  

 
 

7. Applications  
The main applications of biomass gasifier are :  

a) Shaft power systems  
b) Direct heat applications  
c) Chemical production  
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In the shaft power systems the main agriculture applications are driving of farm 
machinery like tractors, harvesters etc. There are quite a number of manufacturers 
catering to the on-farm machinery gasification systems. Small scale electricity 
generation systems also provide an attractive alternative to utilities.  

 Another useful application of producer gas units is in irrigation systems. This 
seems to be the most to be the most important application in developing countries. 
There is no reason why such systems cannot become popular in developed countries 
especially when there have been quite a number of solar powered irrigation systems 
installed. 

Direct heat systems, because of their simplicity, may prove to have biggest 
applications in agriculture. Among them are grain drying, green house heating and 
running of absorption refrigeration and cooling systems. Again these systems can be 
coupled to other renewable energy systems like solar for thermal applications. Another 
interesting application for direct  

heat (external combustion) application is running of Stirling engines. These 
engines have very high efficiencies and may prove to be a better alternative than 
internal combustion engine running on producer gas.  
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