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Abstract— Biomass gasification is a possible solution to 

issues like sustainable energy source; human health and 

environmental pollution. It is a potential energy source which 

is renewable and can reduce dependency on fossil fuels. 

Gasification of biomass is a thermo-chemical process that 

converts carbonaceous material such as biomass and coal into 

gaseous fuel or chemical feedstock. This gaseous fuel is 

known as producer gas or singes which contains CO2, H2, 

CO, H2O, CH4 and N2 compounds. Modelling a real system 

gives us an idea prior to installation of how the gasifier will 

behave under definite conditions and also allows us to do 

necessary alterations for better output. The object of this 

paper is to provide essential information relating to 

gasification, gasification mechanism, and different 

approaches to modelling of biomass gasification. 
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I. INTRODUCTION 

Deficiency in energy production, environmental problems 

associated with Green house gases emitting from combustion 

of fossil and dependencies on other countries for convention 

fuels have motivated many countries to utilize their 

abundance biomass resources for energy production. 

Gasification of biomass is a thermo chemical 

method adopted for the production of carbon monoxide, 

hydrogen, and small proportion of methane from biomass 

feedstock [9]. This composition is known as producer gas. 

This gas can be utilized to for Electricity generation in remote 

areas, Space heating, process heating for industries, and 

Transportation fuels. 

The gas so produced can run spark ignition and 

compression ignition engine, can be utilized as an alternate 

option for furnace oil and can be utilized to produce methanol 

[11].  

Developing and underdeveloped nations have many 

remote rural areas that are still reliant upon biomass for 

essential activities such as cooking and heating. 

In such situations biomass gasification seems to be 

a promising, reliable and effective energy basis.  

Agricultural residues either generated by farming 

activities or agro-industries by-products such as Straw, Mill 

residues produced when the harvested crop is processed at a 

mill, Forestry residues include the  lops and tops left after 

clear felling; wind blow; and premature felling etc. 

Wood residues (forestry biomass) and Wood 

industry by-products, energy crops and municipal solid 

wastes and (and other agricultural residues left in the field 

after the crop is harvested) 

Examples include rice husk, sawdust and wood off-

cuts, biogases (the cane residue left after extraction of the 

juice from sugar-cane), ground-nut shell, and coffee husk etc. 

II. THERMAL GASIFICATION OF BIOMASS 

Gasification is a complete thermal breaking of the biomass 

particles into a combustible gas, volatiles and ash in an 

enclosed reactor called gasifier.  

A typical biomass gasification process may include 

the following steps: 

 Drying, moisture is removed.(100°C- 150°C) 

 Thermal decomposition or pyrolysis in which volatile 

matter viz. condensable tar, and gases CO, CO2, CH4 & 

H2O are released. (200°C-700°C) 

 Partial combustion of some gases, vapors, and chars to 

produce carbon dioxide and heat. 

 Gasification through char reduction by decomposition 

products. (700°C-1200°C) 

Pyrolysis products, gas, char, and tars  their 

composition and amount are influenced by gasification agent, 

temperature, pressure, heating rate and fuel properties 

(composition, water content, granules arrangements). 

Gaseous products produced during the gasification may used 

for variety of applications. The main gas components are CO, 

H2, CO2, CH4, H2O, and other hydrocarbons. 

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 is variety of 

gasifier types but broadly they are: 

1) Fixed or Moving bed 

2) Fluidized bed 

3) Entrained flow 

 Fixed or Moving bed: The fuel particles in a fixed-bed 

(also known as moving bed) gasifier are supported on a 

grate. This type is also called moving-bed because the 

fuel moves down in the gasifier as a plug. 

 Fixed bed gasifier can be built inexpensively in small 

sizes and are of Updraft, Downdraft and Cross draft 

Type.  

 Updraft gasifier: Biomass in updraft type gasifier is fed 

from top .Air supply at Bottom. Gas is available from 

top.  

 Downdraft gasifier: Biomass is fed from top in 

downdraft gasifier. Air supply from bottom. Gas 

available from bottom side of gasifier.   

 Cross draft gasifier: Biomass in this gasifier is fed from 

top side. Air supply from side of the gasifier. Gas 

available at side of gasifier side. 

 Fluidized bed: Most commercial processes that gasify 

biomass use fluidized-bed reactors. Fluidized bed is 

made of granular solids, called bed materials, which are 

inert and are in a semi-suspended condition (fluidized 

state) by the passage of the gasifying medium through 

them at the higher velocities. Heat transfer rate is much 

better than Fixed bed Gasifier.  Fluidized bed reactors 

differ from entrained-flow reactors in that fluid beds 
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typically use bigger particles, longer residence times, and 

lower temperatures.  

 Entrained-flow reactors convert pulverized particles, 

and use high temperatures (1200-2000 °C) and pressures 

(20-80 tam) to ensure high carbon conversion in the time 

frame of a few seconds Particles can be fed dry or carried 

by a water slurry into pressurized entrained-flow 

gasifier. This gasifier is the most widely used for 

gasifying coal and petroleum coke in industrial 

applications. 

 
Fig. 1:  

Source: http://en.wikipedia.org/wiki/file/gasifier types.svg 

III. LITERATURE REVIEW 

Maria Pig et al. (2010), Dial Borah et al. (2014) , Tapass 

Kumar et al.(2014), presented reviews and analysis of 

biomass gasification models. 

Computational methods are worthwhile by and large 

because of their capacity of enabling the client to locate the 

ideal conditions for a given reactor prior to actual 

experimentation. This saves both time and cost. The 

important governing parameters such as feedstock flow rate, 

gasifying agent, equivalence ratio,   operating pressure and 

temperature manipulate the gasification process very much.  

A thermodynamic equilibrium model is used to 

calculate the composition of the product gas assuming that 

the reactants reacting in a fully mixed condition for sufficient 

time so that equilibrium is attained.  

A kinetic model is utilized to foresee the gas yield 

and product composition that a gasifier accomplishes after a 

limited time (or in a limited volume in a streaming medium). 

Kinetic model can anticipate the profiles of gas composition 

and temperature inside the gasifier and general gasifier 

performance for a given environment gasifier geometry. 

Unlike equilibrium modeling which mainly relies on 

elemental balance of species and considers the equilibrium 

state of reaction which requires a long time, Kinetic models 

also considers the rate of reactions, the effect of heating rates 

and char reactivity of different biomasses. 

A CFD models are very accurate and used to predict 

distribution of temperature, concentration, and other 

parameters. Commercially available software for this is used 

for solutions of complicated systems provides a solution of 

conservation of mass, momentum of species, energy flow, 

hydro-dynamics and turbulence over a defined region can be 

achieved with  

Neural Network modeling is a recent technique for 

simulation of gasifier in studying biomass gasification. ANN 

serves as an option to the sophisticated modeling of the 

complex gasification process. Artificial neural network 

analysis is one in which the neural network learns by itself 

from sample experimental data like the working of the human 

brain. (Past experimental experiences).  With limited 

available data to calibrate and evaluate the constants of the 

model this method cannot produce an exact analytical 

solution but it gives numerical result. If the data that differs 

from the original data it was trained with it return 

inappropriate results 

Wang Y. and Kinoshita C. M. (1993) presented this 

model has classified the Pyrolysis of products into two 

components volatiles and char. On the basis of surface 

reaction of char particles, simulation was performed to 

evaluate the effect of following parameters on biomass 

gasification viz. Residence time, Temperature, pressure, 

equivalence ratio, moisture, char particle size. Pure oxygen is 

taken as oxidant for computational purpose. 

`Gilt rap D.L. et al.(2003) presented only reduction  

zone kinetics, The pyrolysis and cracking reactions with all 

the possible reactions and intermediate products were not 

considered in this model. The model starts at the top of the 

reduction zone region. The air flowing into the gasifier is a 

mixture of N2 and O2. It is assumed that all the O2 from the 

air inlet had been consumed by combustion reaction with char 

(C + O2 ---- CO2), N2 remains inert. Solid Char remains 

throughout the reduction zone. The model is based on earlier 

model of Wang and Kinoshita and it considers only reduction 

zone kinetics with effect of reaction rates, char reactivity 

factor, Gasifier bed length, pyrolysis factor (fraction) and 

moisture content of biomass and superficial gas velocity. 

Char reactivity factor is introduced (CRF) is introduced by 

the author that represents the relative reactivity of different 

char types (depends upon biomass). Pyrolysis fraction is the 

Fop is the effective fraction of the gas that comes out from 

pyrolysis and cracking reactions. Biomass Douglas fir barks, 

with the empirical formula CH3.03 O1.17 was taken in the 

model. The CRF  for different chars is not known. So a value 

of the order of 1000 which   gives a similar result of outlet 

temperature for similar bed length as that of  Senelwa (1997) 

is considered. The value of pyrolysis fraction Fp is taken 

between 0.4 and 0 .5. s Di Blasi (2003), studies kinetics of 

char conversion in oxidizing or reducing environment. 

The energy content of the gas created through 

gasification relies on upon various components, for example, 

reactor type, biomass fuel and form, oxidizing environment, 

and so forth. Notwithstanding air, the oxidizing agent can be 

air, oxygen, steam or mixture of these. At the point when air 

is used, most part of gaseous products comprise of CO, N2, 

H2, CH4 and minor amounts of different hydrocarbons. The 

subsequent gas has a low calorific esteem (3.8-5.6 MJ/m3 

against 38 MJ/m3 of natural gas).The paper illustrates the 

influence of chemical and physical process of Biomass 

gasification viz. Particles size (biomass), initial moisture 

content, Char reactivity, heating rate of pyrolysis & 

gasification conditions of temperature and pressure. The 

paper also describes Kinetic model reactions of char 

gasification’s, use of Arrhenius kinetic law of reaction rate 

and rate constants temperature dependence. 

Ratnadhariya et al. (2003) presented on three zone 

KF model  

KF model computes gas composition, temperature 

levels in each zone and performance parameters of the 

gasifier without involving any reaction kinetics. The drying 

https://en.wikipedia.org/wiki/File:Gasifier_types.svg
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and pyrolysis zones are clubbed together and form the first 

zone of the gasifier. The oxidation and reduction zone create 

the other two zone of gasifier. Each zone has been modeled 

through use of Stochiometry of reaction, mass balance, 

chemical equilibrium and energy balance. 

The physical model of downdraft gasifier along with 

possible reactions in the different zones drying and pyrolysis, 

oxidation and reduction. Drying and pyrolysis zones are 

clubbed together. Assuming equilibrium of water gas, 

methanation and water gas shift reaction along with condition 

of mass and energy balance, product constituents and 

temperature in this zone is computed. 

This model predicts the gas composition, 

temperature and gasifier performance parameter in all the 

three zones, using respective thermodynamic equilibrium and 

mass and energy balance equations. Product distribution and 

temperature profiles in the three zone of downdraft gasifier 

are thus obtainable. Increasing N2 concentration and reducing 

CH4 concentration with increasing equivalence ratio is 

simply attributed to increasing moles of air intake. 

Gasification reaction entering combustion region is indicated 

by a sharp reduction in equivalence ratio of 0.4.  Thus it may 

be treated as a limiting value of equivalence ratio gasification 

with Subabul wood as a biomass material. CO concentration 

level is reduced and increase CO2 and H2 level due to higher 

moisture level is also as a result of equilibrium of water gas 

shift reaction. The variation of CH4 concentration are quite 

interesting, it has direct bearing with the pyrolysis zone 

results. 

Samreen Hameed, et al.(2014) presented on kinetic 

modeling of reduction zone in biomass gasification to 

maximize the yield of syngas, using five different biomass 

like bagasse wood sawdust, douglas fir bark, peanut hull and 

rice husk. The maximum yield of syngas is calculated using 

rate equation using isothermal and non-isothermal 

conditions. The reduction zone of the gasifier is modeled 

based on kinetic rates. Parameters like equilibrium constants 

K, rate constants k for the five reactions were then simulated 

using numerical simulation method. Thus, under isothermal 

and non-isothermal conditions compositions of the 

components char, CO, CO2, H2O, CH4 and H2 were obtained 

and the kinetic rate models were simulated to get maximum 

yield of singes.  

The authors substituted initial values of temperature, 

CRF, equilibrium constant and the rate constant in the rate 

equations of the reduction reactions for kinetic models and 

then simulated to calculate the producer gas composition 

leaving the reduction zone. Trend for every biomass is found 

to be different but it can be seen that the maximum variation 

lies in the temperature range of 1000-1200K, above this 

temperature rate of singes becomes constant. For modeling of 

the biomass gasifier (reduction zone), kinetic models were 

selected. 

Under isothermal conditions, the kinetic models of 

reduction reactions are simulated for temperature range of 

1000-1300 K by taking a step size 50K. For non-isothermal 

conditions, the kinetic equations are solved for heating rate 

range of 25-75K/s by taking a step size 10K/s to assess 

optimum value of heating rate. For different biomass 

materials maximum yield of singes is the optimization criteria 

under isothermal and non-isothermal conditions. 

 

Sebastian Iwaazenko (2015) presented various 

approaches to gasification modeling. Flow model, The model 

should allow determination of gaseous phase flow velocity 

and pressure in time and space for each considered 

compound. 

Gaseous phase reaction model, (equilibrium 

approach) used for calculations of reactions ongoing in bulk 

of gasification channel. As temperature values are high 

enough, the reactions and gas composition can be calculated 

using equilibrium models in most situations. 

Gaseous phase reactions model, (kinetic approach) 

representing the reactions taking place in gaseous phase in 

macrospores.  As the time for the reactions is limited, the 

kinetic models seem more appropriate than equilibrium one 

suggested for gasification process. 

Energy transport model is crucial for proper 

predictions of thermal conditions in the gasification process. 

Not only transport phenomena but also the thermal effects of 

reactions ongoing in gaseous phase   should be taken into 

consideration by this model. The model has to consider the 

thermal effect of ongoing chemical and physical process. 

Macrospores flow model,   predicting the mass 

transport behavior in cracks and relatively big voids in coal 

seam. 

Transport phenomena in microspores model, 

describing mass transport ongoing in microspore structure of 

coal and char being gasified.  The transport phenomena in this 

case differ significantly from the ones considered for bulk 

gaseous phase. The models used for porous catalyst pellet in 

chemical engineering can be adopted for that purpose. 

External diffusion model represents the mass flow 

from microspores or solid surface into bulk gaseous phase in 

macrospores. 

Surface reaction model, which is curial for 

simulations of gasification process. The set of heterogeneous 

reactions used for simulations de facto determine the scope 

of the model and its usefulness for selected conditions. With 

first approach kinetic model concentrating on char 

conversions can be considered up to models including 

pyrolysis and catalytic influence of mineral matter. 

Pores structure model, describing changes to micro 

and macro pore structure of coal and char due to ongoing 

gasification reactions. Transport phenomena and 

heterogeneous reactions are due to the changes in pore 

structure, therefore being key part of whole gasification 

model. 

IV. CONCLUSION 

Downdraft biomass gasifier is most suitable for electricity, 

power, and heat production for remote villages where 

availability of forest and agriculture residues is abundance. 

They are particularly suitable as low tar and ash producing 

units. 

 With increasing temperature CH4 formation decreases 

and increases with increasing pressures. 

 With increasing temperature and reducing pressures CO 

and H2 formation increases.  

 Maximum concentration of H2 and CO can be obtained 

at atmospheric pressure and temperature range of 800 to 

1000°C. 
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 With increasing temperatures CO2 concentration 

decreases sharply, but increases with increasing 

pressures. 

 H2 and CH4 formation, increases with reducing oxygen 

content while increasing the oxygen will increase CO 

and CO2 formation. 

 Therefore, gasifier temperature and pressure can be 

controlled   to maximize the concentration of desired 

product, CH4 or H2 and CO.  

 Increase in CO and H2 with char Bed length (depends on 

gasifier height) has a value from 0.25m to 0.55 m  

 H2 component increases with increase in moisture 

content linearly. 

 The value of char reactivity factor varies from 1 to 1000 

as the reactivity of char from different biomass is 

different. 

 Char reduction zone controls the overall biomass 

gasification rate. 

The producer gas is needed to be cleaned for 

impurities viz. tars, particulates and high temperature 

condensing volatiles prior to production of chemicals and 

utility in engines. 
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