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Abstract— Gasification of biomass is an approach of 

converting solid biomass into gaseous fuel. This gaseous 

inflammable fuel is called producer gas (mixer of CO2, H2, 

CO, H2O, CH4 and N2). Among the different gasifier, 

downdraft gasifier is used for power production up to small 

scale application. Mathematical modeling insists detail 

knowledge of gasifier, its operating parameters, and 

feedstock. In this study comparative scrutiny is made for 

each model, different operating parameter and its output. 

The information is beneficial for experimentation work, 

research work. 
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I. INTRODUCTION 

India is facing energy crisis in recent years due to depletion 

of fossil fuels (coal, oil, and natural gas), hike fuel price, and 

unacceptable environmental effect. Biomass is renewable 

energy source. It is available in the form of farm products 

(corn, wheat, sugarcane, jatropha, etc.), ligno cellulosic 

materials (straw, husk, wood, slash etc.) and municipal solid 

waste. Some complication arise with the use of biomass is 

its inappropriate voluminous form and bulkiness. Biomass 

has low density with low energy content. Initial cost is 

higher. 

Biological or thermo chemical method is used in 

the production of producer gas from biomass. Anaerobic 

digestion is a biological method in which chemical reaction 

is occurred in the absence of air and organic waste (food, 

sewage, animal, agricultural, municipal solid waste) is 

converted into the form of biogas and bio fertilizer. 

Pyrolysis, combustion and gasification are the most 

important process for thermo chemical method. Pyrolysis is 

occurred in the absence of oxygen for thermal 

decomposition. Biomass feedstock is decomposing in the 

absence of air or with partially oxygen to form charcoal, 

gas, liquid. For the conversion of waste to heat, direct 

combustion is most suitable method. Gasification of 

biomass is noted as thermo chemical conversion approach. It 

depends upon gasification temperature, pressure, 

gasification agent, gasifier types, heating. 

The gasifier is developed either on experimental 

observation or mathematical model. Experimental 

observation is reputable and secure but costly and time 

consuming. Mathematical modeling is most suitable 

approach which depicts real life position and time saving. 

Mathematical equations are applied in to the gasifier for 

intimating producer gas composition and also check effect 

of moisture content, reaction temperature and equivalence 

ratio. A comparative analysis of the model is essential to 

identify their suitability and limitations. 

II. GASIFICATION PROCESS 

Drying, pyrolysis, oxidation, and reduction processes 

occurred in biomass gasification. During drying process 

moisture content is reduced with the help of waste heat or 

solar energy and temperature ranges between 100°C-150°C. 

Pyrolysis is the breaking down process by heat in the 

absence of air and temperature is up to 150°C-700°C. 

During pyrolysis process charcoal, gases, tar vapors are 

formed. In the oxidation process limited amount of oxygen 

is supplied with large amount heat released and temperature 

ranges from 700°C to 1500°C. In reduction zone, 

temperature ranges from 800°C to 1100°C and reduction 

reaction occurred which are mostly endothermic. 

III. THERMODYNAMIC EQUILIBRIUM MODEL 

This model has remarkable work at higher temperature and 

intimate maximum output of desired product. 

Thermodynamic equilibrium measurement is not depending 

upon gasifier geometry. This model cannot intimate the 

effect of hydrodynamic variables 

A. Stoichiometric equilibrium model 

In this model, chemical reaction and species are formed as a 

one unit. Species which contain carbon, hydrogen, oxygen 

are taken into consideration for starting purpose. 

Ataei et al. [1] used co gasifier for coal and 

biomass. In this study chemical equilibrium is used and 

reported producer gas quality and gasifier efficiency are 

enhanced by mixing agricultural residue with coal. The 

influence of steam-to-biomass ratio, moisture content, and 

temperature are verified on performance of the system. Co-

gasification of rice husk/coal measured against co-

gasification of bagasse/coal. Rising of steam mass flow, the 

Lower heating value of syngas diminish from 4,607 kJ/Nm
3
 

to 4,099 kJ/Nm
3
 for rice husk and from 4,867 kJ/Nm

3
 to 

4,387 kJ/Nm
3
 for bagasse. Rising the moisture content-to-

fuel ratio, the Lower heating value of syngas diminishes 

from 5,146 kJ/Nm
3
 to 2,054 kJ/Nm

3
 for rice husk and from 

5,350 kJ/Nm
3 

to 2,525 kJ/Nm
3
 bagasse. Rising gasifier 

temperature, the Lower heating value of syngas diminishes 

from 5,133 kJ/Nm
3
 to 3,307 kJ/Nm

3
 for rice husk and from 

5,171 to 3,627 kJ/Nm
3
 for bagasse. 

Kumar et al. [2] used downdraft gasifier  having 

chir pine needle as a biomass feedstock and  reported that 

moisture content is taken from 4% - 12%, air flow rate is 

taken from 7 to 14 m
3
/h, stoichiometric ratio is taken 4.6 

m
3
air/kg and biomass consumption rate is taken  from 7 to 

11.4 kg/h of chir pine needle. Biomass consumption rate 

decrease with the rise in the moisture content and increase 

with the rise in the air flow rate. When  equivalence ratio 

(ER) = 0.251, cold gas efficiency achieves maximum value. 
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Melgar et al. [5] presented mathematical model 

considering thermodynamic equilibrium and chemical 

equilibrium for the intimation of reaction temperature and 

producer gas. Reaction temperature was measured by 

considering thermal equilibrium. Rubber wood was taken as 

feedstock and influence of moisture content and Air fuel 

ratio were studied. Chemical composition was considered in 

the form of (CHmOpNqSr) and Newton–Raphson algorithm 

has been implemented. The Improved model was validated 

with Jayah et al. experimental results. The highest cold gas 

efficiency is achieved at higher fuel/air ratios (2.5 < Frg 

(gasification relative fuel/air ratio) < 5) and lower moisture 

contents (h < 25%). Hydrogen concentration was maximum 

with Frg (gasification relative fuel/air ratio) = 3 and h 

(moisture contents) = 27.5%. 

Bhattacharya et al.[8] developed thermodynamic 

oxygen blown gasifier model to judge the output of 

hydrogen from wood. Every 1 kg of wood produces 102 g of 

hydrogen with 65.4%  cold gas efficiency of 65.4% due to 

water injection in the shift reactor which causes complete 

conversion of carbon monoxide . 

Babu et al. [9] presented equilibrium model for the 

intimation of composition of producer gas and calorific 

value. Wood was taken as raw material with chemical 

formula CH1.44 O0.66.  Results were measured against the 

experimental data presented by Jayah et al. The volume of 

H2 rise (22% to 28%) with the rise of oxygen fraction (25% 

to 50%) and rise (9% to 13%) and CO decrease (17 % to 

8%) for a steam to air ratio of 0 to 0.1. Calorific value rises 

nonlinearly (1665 kJ/m3 to 2140 kJ/m3) for the rise in 

oxygen fraction (0.25 to 0.5) and decrease (870 kJ/m3 to 

780 kJ/m3) for a steam to air ratio of 0 to 0.1. Reaction 

temperature rises (1090 K to 1255 K) for preheating to 800 

K and oxygen fraction (25% to 50%) and decreases 1600 K 

to 1000 K for a steam supply of 0 to 0.1 kg water/ kg dry air. 

Hua et al.[19]  presented thermodynamic 

equilibrium model for reduction zone by considering with or 

without char. CHaObNcSd was taken as chemical formula 

for lingo cellulosic feedstock. Ash was assumed to be inert 

in the reduction zone.H2S was also a product gas which was 

considering. The results intimate that model not considers 

char are nearer to experimental result and model which 

consider char widely suitable but not closer to experimental 

result. 

P c Roy[22]  presented thermo chemical 

mathematical model with heat exchanger for heating air  by 

the product gas applied to wood waste (low ash content) and 

municipal solid waste (high ash content) to procure ideal 

performance parameters. The influence of non-linear 

different specific heats and temperature were also taken into 

consideration. When equivalence ratio varied from 2.2 to 3.2 

for wood waste at 14.7% moisture content, the percentage of 

H2 has raised by 40% whereas CO has risen by 4.5%.When 

moisture content varied from 0 to 40% at equivalence ratio 

2.2, the percentage of H2 has raised by 30% whereas CO has 

decreased by 25% for wood waste and municipal solid waste 

both. With the use of heat exchanger for heating air, reaction 

temperature rises from 1180K to 1400K.Calorific value of 

product gas can be increased up to nearly 5900 kJ/m3 by 

preheating air at temperature 998K. 

Syed et al.[25] used  RTC coal, ply-wood, pine 

needles, and lignite in entrained flow gasifier to determine 

cold gasification efficiency. Air is used as an oxidizer agent. 

Mathematical code is elaborate with the help of three 

equilibrium constant and four elemental mass balances. 

Gasification temperature is measured by using energy 

equation with iterative approach. On dry and ash free basis, 

maximum gasification efficiency of RTC coal is 68.5%, ply-

wood is 76.5%, pine needle is 76.0% and lignite is 74.0%. 

Results disclose that when all the carbon is transform to 

carbon monoxide and hydrogen remain in the biomass 

feedstock transform to the hydrogen gas, maximum cold 

gasification efficiency attain at that time. 

Jarungtammachote and Dutta [32] used 

thermodynamic equilibrium model with equilibrium 

constant for intimation of composition of producer gas in a 

waste downdraft gasifier. Equilibrium constant is multiply 

with coefficients to improve intimating capability of model. 

The influence of moisture content of the waste on the 

gasifier’s performance is studied. When moisture content 

increases, second law efficiency, calorific value, reaction 

temperature are decreases. 

Zainal et al. [36] determined producer gas 

composition and calorific value of biomass using 

thermodynamic equilibrium model. The effect of moisture 

content in the wood and effect of temperature on calorific 

value is analyzed in the gasification zone. Newton raphson 

method is employed to solve equation. With the rise in 

moisture content & temperature, calorific value of product 

gas decrease. 

B. Non stoichiometric equilibrium model 

In this model, Gibbs free energy minimization method is 

used. In this method specific reaction mechanism is not 

required. Feedstock elemental composition is required 

which can be taken from ultimate analysis of feedstock. This 

method is acceptable for fuels like biomass, whose 

particular chemical formula is not exactly known. 

Mendiburu et al.[6] presented non-stoichiometric 

thermodynamic equilibrium model to analyze influence of 

different parameter on gas composition and also studied 

brazilian Pinus elliottii gasification with model M2 and M4 . 

Author reported that Model M1 considered as a simple non-

stoichiometric model, M2  considered as constrainement of 

methane content, M3 was considered as a kinetic constraint 

to measure carbon conversion and M4 was considered as a 

aggregation of  kinetic and methane. Results obtained from 

Lagrange multipliers technique are acceptable. Carbon 

conversion efficiency is increased with the rise in 

equivalence ratio (ER) and decrease lower heating value of 

the synthesis gas. Author reported that equivalence ratios 

(ER) maintain just above 0.30 and moisture contents lower 

than 15%. 

Antonopoulos et al. [7] presented non 

stoichiometric equilibrium model for agricultural residue 

(olive wood, miscanthus, and cardoon) for measuring 

composition of producer gas. Influence of reaction 

temperature and moisture content was checked with the 

producer gas composition. Equivalence ratio was taken 0.45 

and temperature was in the range of 800°C -1200°C.As 

temperature increased from 800°C-1200°C,Lower heating 

value (MJ/Nm
3
) of feedstock  increased (Olive wood= 4.19-

4.29, Miscanthus =4.02-4.16 , and Cardoon=3.75-3.89).As 

moisture content increased from 0 - 45%, Lower heating 
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value (MJ/Nm
3
) of feedstock  decreased (Olive wood= 3.80-

3.0, Miscanthus =3.75-3.25 , and Cardoon=3.25-

2.68).Olivewood gave most suitable result for this model. 

Kaya et al.[13] used gibbs energy minimization 

evaluation in chemical equilibrium model for hydrogen 

production from coal gasification and to determine the 

syngas composition of various coal gasifier systems (updraft 

fixed bed circulating fluidized bed, entrained bed).Results 

predict that if minor modification is made  in the value of 

carbon conversion then satisfactory predictions achieved. 

Turkish lignite (Tuncbilek) is used for hydrogen production 

from the simulation of this model. 

Ghassemi et al. [18] presented modify equilibrium 

model and measure influence of different parameter on 

biomass (pine sawdust, rice husk) gasification. Temperature 

has remarkable effect on cold gas efficiency at low 

temperature and has minor effect on syngas heating value. 

Improving air with O2 increases higher heating value (HHV) 

of gas. Enhancing the Hydrogen/Carbon molar ratio of 

biomass, cold gas efficiency improve but biomass 

Oxygen/Carbon ratio diminishes. Influence of Moisture 

content on cold gas efficiency and HHV has negative value. 

Shabbar et al.[26] studied about coal gasification 

process. Bituminous coal is converted into syngas (CO and 

H2) through three gasification process (air-steam, air and 

solar steam). From air gasification process (Temperature (K) 

=1247, Air input (kmole) = 0.57) obtain (CO (kmole) = 

0.79, H2 (kmole) = 0.31, CO2 (kmole) = 0.16 and cold gas 

efficiency = 70.94%). From air-steam gasification process 

(Temperature (K) =1027, Air input (kmole) = 0.56, H2O 

input (kmole) = 0.95) obtain (CO (kmole) = 0.45, H2 

(kmole) = 0.66, CO2 (kmole) = 0.49 and cold gas efficiency 

= 71.64%).For solar gasification (Temperature (K) =1516, 

Air input (kmole) = 0, H2O input (kmole) = 0.95, 

Additional Heat input (kJ/kmole) = 264,070) obtain (CO 

(kmole) = 0.94, H2 (kmole) = 1.3, CO2 (kmole) = 0.01 and 

cold gas efficiency = 90.67%). Gasification of solar steam 

has higher potential than air-steam, air process. 

Jarungtammachote & Dutta [31] presented non 

stoichiometric equilibrium model for the gasification 

process on regular (central jet) and revised (circular split and 

spout-fluid) spouted bed gasifier. Composition of producer 

gas is measured with the help of Gibbs free energy 

minimization method. The six species H2, CO2, CO, H2O, 

CH4 and N2, were measured in the structure of the producer 

gas. Carbon conversion was also taken into account for the 

constraint equation and energy balance for the elaboration of 

revised spouted bed gasifier. The revised model give higher 

heating values usually higher than those from experiments 

due to the CO content in the producer gas. 

Li et al.[34] presented coal gasifier of circulating 

fluidized bed with gibbs energy minimization method. 42 

gaseous species, 02 solid species and 5 elements (C, H, O, N 

and S) are taken in to consideration for this model. A 

(Carbon -Hydrogen-Oxygen) ternary diagram which is a 

function of pressure and temperature is used for plotting 

formation of carbon boundary. The RAND algorithm has 

been employed in this model. Carbon conversion is the 

important factor in equilibrium model is verified by an 

empirical correlation. 

Y Lwin [35] presented Gibbs energy minimization 

approach for the measurement of chemical equilibrium of 

known matters in either conceptual or no conceptual gas 

phase. Microsoft Excel Spreadsheet's Solver feature is used 

for explaining nonlinear programming difficulty. 

IV. CONCLUSION 

1) Optimal gasification temperature in 650
o
C -850

o
C 

2) Optimal equivalence ration is between 0.15-0.30 

3) When moisture content increase, H2 ,CH4, CO2 and 

(N2+ H2O) increases while CO decrease 

4) When moisture content increase, second law efficiency, 

calorific value decrease  

5) At lower equivalence ratio, cold gas efficiency is higher 

6) Temperature play important role on cold gas efficiency 

7) Enriching Air with oxygen increase higher heating 

value        
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