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Abstract - At present times many renewable process of 
power generation are being used to cope up with the never 
ending energy demands of the mammoth population but 
amongst them biomass gasification is widely applicable 
because it is economical and environment friendly. 
Gasification models are helpful in the designing and 
development of gasifying systems with the variation of 
different parameters that influence the performance of the 
gasifiers. Different models like CFD, ANN, APENS are devised 
and are in the process of improvement day by day. This article 
presents the basic and fundamental understanding of the 
widely used biomass gasification models and their applications 
in different gasifiers.  
 
Key Words:  Gasifier, CFD, biomass, gasification model, ANN, 
APENS Plus. 
 

1. INTRODUCTION  
 
The world is dealing with huge energy demands and also 
difficulties in solving of these problems with the existing 
conventional sources of energy. The problems are increasing 
on a daily basis because the consumption of electricity and 
its usage is increasing tremendously. The Central Electricity 
Authority (CEA), Government of India, anticipated a base 
load energy deficit of 5.1% for the fiscal year 2014– 15 in 
their Load Generation Balance report [1]. Based on the 
progress report on village electrification by CEA, 25894 
villages are not electrified [2]. According to data reported by 
Ministry of Coal, Government of  India, the total import of 
coal and products, i.e. coke, for the year 2013– 14 is 154.55 
million tones [3].  
 
Power generation through renewable sources are on the 
peak of its production and also accounts for a good 
percentage of the energy production demands. Renewable 
sources like solar, wind, gasifiers, and hydro are on the rise 
for energy production and if talking about India then it is the 
fifth largest producer of wind energy in the world. In order 
to secure our future with the benefits of the remaining 
energy deposits we must be able to produce energy from 
different sources which can be obtained and utilized from 
our nearby surroundings [4]. In India, the rural-urban gap in 
energy access levels has been significant. This indicates the 
need and importance of fast tracking access and smart 
micro/mini grid systems to energy especially in the rural 
India [23].  However, biomass gasification is the most 
preferable alternative in India for various reasons:(1) 
availability and uniform distribution of biomass in the 
country, (2) it is available throughout the year at cheap rates, 
(3) capital investments for gasifier, duel fuel or 100% 

producer gas generator, gas cleaning system and other 
accessories are quite low, and (4) technology is simple and 
unskilled/semi- skilled labor can handle operation and 
maintenance of the plant [5]. Renewable energy sources are 
not only contributing in the energy production but also 
playing a vital role in the limitation of pollution and 
conservation of environment. Gasification can be simply be 
understood as the conversion of solid and liquid 
hydrocarbon into syn gases.  
 
This conversion process is influenced by various factors like 
feedstock type, type of gasifier being used, and temperature 
of the gasifier. The size of a gasifier could not be based on 
criteria like volumetric energy release rates as it is done at 
times for combustors [6]. The gasifier reactor needs to be 
designed either based on experimental data on similar fuel 
fed into a gasifier of similar size or by using mathematical 
models of the gasification process in the reactor [7]. A good 
model could help in identifying the sensitivity of the gasifier 
performance, to the variation in different operating and 
design parameters [8]. The proper conversion and right 
utilization of wasteful energy into useful energy is the main 
aim of the concerned process [14].  
 

2. GASIFICATION PROCESS 
 
Biomass gasification process usually involves the reactions 
pertaining to various phenomena such as drying, pyrolysis, 
oxidation, and reduction. In the drying stage, moisture 
content of the biomass is reduced. It occurs at 100–200˚C and 
decreases the moisture content of the biomass as low as 5%. 
In general, the moisture content of raw biomass ranges from 
5% to 35%. In the pyrolysis stage, the thermal decomposition 
of biomass occurs in the absence of oxygen or air and volatile 
matter is released as a consequence of the thermal 
breakdown of biomass.  
 
As a result, the mixture of gases containing carbon monoxide, 
hydrogen, carbon dioxide and hydrocarbon gases from the 
biomass is released and biomass is reduced to solid charcoal. 
The hydrocarbon gases condense at a low temperature to 
generate liquid tars. The gases released from drying and 
pyrolysis zones may or may not pass through the oxidation 
zone depending upon the type of gasifier [7]. It is meaningful 
process which provides its contribution in the field of 
renewable sources of energy.  
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Fig-1: Average ultimate analysis results of previous 
gasification studies using biowaste feed stocks: municipal 

solid waste (MSW), sewage sludge (SS), wastewater (WW), 
agricultural residues (AR), and animal waste products 

(AWP) [22]. 
 

3. CFD Model  

Computational Fluid Dynamics plays an important role in the 
modelling of fluidized bed gasifiers. CFD model includes the 
application of the conservation equations of mass, 
momentum and energy. Solutions of such a sophisticated 
approach can be achieved with commercial software such as 
ANSYS, Fluent, Phoenics and CFD 2000. CFD appears to be a 
cost- effective option to explore the various configurations 
and operating conditions at any scale to identify the optimal 
configuration depending on the project specification [7]. 
However, some simplified CFD models had been established 
to simulate the gasification behavior by Fletcher et al. [9], Yu 
et al. [10] and Janajreh et al. [11].  

CFD modeling involves advanced numerical methods for 
accounting solid phase description, gas phase coupling and 
also focuses on the mixing of the solid and gas phase. The 
turbulent mixing may be modeled by the application of 
several equations such as Direct Numerical Simulation (DNS), 
Large-eddy simulation (LES) and Reynolds-averaged Navier– 
Stokes (RANS) equations. Furthermore, complex parameters 
such as drag force, porosity of the biomass and turbulence 
attenuation are mostly taken into consideration [7]. Currently 
there are three numerical techniques used for the studying 
combustion and gasification in fluidized beds in literature 
and these are Eulerian-Lagrangian with single particle or a 
particle parcel and a group of particles, Eulerian-Eulerian 
TFM and Discrete Element Method (DEM-CFD) within 
Eulerian-Lagrangian concept [12]. 

 

Fig-2: Framework for CFD modeling [12]. 

4. ANN Model 

Artificial neural networks (ANNs) modeling may be 
considered as a computational paradigm in which a dense 
distribution of simple processing element is supplied to 
provide a representation of complex process including 
nonlinear and discrete systems [7]. ANN is a standard 
modeling tool consisting of multilayer perceptron (MLP) 
paradigm [13]. The neurons in the input layer, consisting of 
inputs and weights, simply forward the signals to the hidden 
neurons. However, each neuron in the hidden and output 
layers has a threshold parameter known as bias [7]. The 
characterization of ANN model is done as non-equilibrium, 
non-analytical and non-mechanistic model. The application of 
ANN model includes the processing of signals, approximation 
of function and simulation. ANN is a useful tool especially 
when the primary aim is to optimize the process parameters 
and output of a complex system. It does not require any 
information on the mathematical description of the process, 
the only input required is the inlet datasets. Therefore ANNs 
are best suited for simulation and scaling-up of a process. 
Thus, ANNs modeling may not be the viable option for a new 
technology such as biomass gasification as the number of 
experimental datasets is limited [7]. Maur Ãcio Bezerra et al. 
[15] proposed an artificial neural network for circulating 
fluidized bed gasifier. The neural network simulation of 
downdraft gasifier requires an extensive set of database, 
which consists of a large amount of experimental downdraft 
biomass gasification data. Thus, collected data is used as 
input in artificial neural network modeling. The next step 
involves the training of the network and its validation [7]. 

4. ASPEN Plus Model 

ASPEN Plus is a chemical process optimization software, 
which was developed at Massachusetts Institute of 
Technology (MIT). It uses unit operation blocks, such as 
reactors, heaters, pumps, etc. These blocks are joined using 
material and energy streams to create a flow sheet for the 
process. The simulation calculations are performed using the 
in-built physical properties database. The program uses a 
sequential modular (SM) approach, i.e. solves the process 
scheme module by module, calculating the outlet stream 
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properties using the inlet stream properties for each block. 
This simulation package has been used for modeling coal and 
biomass power generation systems in many research projects 
[7]. Mansaray et al. [16-18] developed model for rice husk 
gasification using fluidized bed gasifier. De Kam et al. [19] 
studied the scheme of the co-products of the dry grind 
ethanol and Corn Stover for the generation of combined heat 
and power. Ramzan et al. [20] developed a steady state 
computer model for hybrid biomass gasifier using 
commercial simulation software ASPEN Plus. The model used 
gasification of three different biomass feed stocks, i.e. food 
waste (FW), municipal solid waste (MSW) and poultry waste 
(PW). The gasification process has been modeled in three 
stages. In the first stage moisture content of the fuel is 
reduced before feeding to the reactor. In second stage 
biomass is decomposed into volatile components and char. 
The yield distribution for this stage has been specified by 
using a FORTRAN statement in calculator block. The third 
stage models the partial oxidation and gasification reactions 
by minimizing Gibbs free energy [7]. The developed model of 
gasification was also validated with the experimental data of 
Jayah et al. [21]. 

5. CONCLUSION 
 
The modeling of biomass gasification systems is a rising 
need in the present and future times and also are the 
important areas of research and applications which require 
more attention. Researchers have been tirelessly working on 
the possible models which could be more feasible and 
conducive. The models of gasification that are presented in 
the article have proved to be of great importance in the 
gasification method of power generation. The models proves 
prepared are optimized for the attainment of best and 
applicable outputs. Thermodynamic equilibrium model is 
considered to be widely opted for the research purposes as it 
is easy and simple to develop. CFD models are the tools 
considered for the development of two and three 
dimensional models with precision and accuracy. 
 

ACKNOWLEDGEMENT  
 
I would like to dedicate this article to my guides Prof. 
Sudipto Sarkar and Mr. Kaushalendra Kr. Dubey who not 
only developed my interest in the field of research but also 
motivated me in every walks of my life.  
 

REFERENCES 
 
[1] Mathur N. Load Generation Balance Report 2014–15. 
Central Electricity Authority, Ministry of Power, Government 
of India; 2014. 
 
[2] Authority CE. Progress report of village electrification; 
2014. 
 
[3] Coal MO. Import of coal. Government of India; 2014. 
 
[4] Adil Wazeer, Bhaskar Chaturvedi, Shriyash Mohril, 
Mahipal Singh Sankhla, Dr. Rajeev Kumar; Gasification-

Contributing to the Energy Production Demands; 
International Journal of Engineering And Computer Science 
ISSN: 2319-7242 Volume 5 Issue 12 Dec. 2016, Page No. 
19440-19449. 
 
[5] Buragohain B, Mahanta P, Moholkar V S. Biomass 
gasification for decentralized Power generation: the Indian 
perspective. Renew Sustain Energy Rev 2010; 14:73–92. 
 
[6] Basu P, Cen K, Jestin L. Boilers and burner. New York: 
Springer & Verlag; 2000. 
 
[7] Tapas Kumar Patra, Pratik N. Sheth; Biomass gasification 
models for downdraft gasifier: A state-of-the-art review; 
Renewable and Sustainable Energy Reviews 50 (2015) 583–
593. 
 
[8] Basu P. Combustion and gasification in fluidized beds. 
Boca Raton, USA: CRC Press, Taylor & Francis; 2006. 
 
[9] Fletcher DF, Haynes BS, Christo FC, Joseph SD. A CFD 
based combustion model of an entrained flow biomass 
gasifier. Appl Math Model 2000; 24:165–82.  
 
[10] Yu L, Lu J, Zhang X, Zhang S. Numerical simulation of the 
bubbling fluidized bed coal gasification by the kinetic theory 
of granular flow (KTGF).Fuel 2007;86:722–34. 
 
 [11] Janajreh I, Al Shrah M.Numerical and experimental 
investigation of downdraft gasification of wood chips. 
Energy Convers Manag 2013; 65:783–92. 
 
[12] Ravi Inder Singh , Anders Brink , Mikko Hupa; CFD 
modeling to study fluidized bed combustion and gasification; 
Applied Thermal Engineering 52 (2013) 585-614. 
 
[13] Dogru M, Howarth CR, Akay G, Keskinler B, Malik AA. 
Gasification of hazel nut shells in a downdraft gasifier. 
Energy 2002; 27: 415–27. 
 
[14] Adil Wazeer; Structural analysis of sugarcane bagasse as 
a feedstock in downdraft gasifier system - A review; 
International Journal of Research in Engineering and 
Innovation, Vol-1, Issue-6 (2017), 223-228 
 
[15] Maur Ãcio Bezerra J dS, Leonardo CN, Amaro Jr. GB, 
Cristina PB. Neural network based modeling and operational 
optimization of biomass gasification processes. In: Yun Y, 
editor. Gasification for practical applications. In tech Open; 
2012.p.297–312   
 
[16] Mansaray K, Al-Taweel A, Ghaly A, Hamdullahpur F, 
Ugursal V. Mathematical modeling of a fluidized bed rice 
husk gasifier: part I – model development. Energy Sources 
2000; 22:83–98.  
 
[17] Mansaray K, Ghaly A, Al-Taweel A, Hamdullahpur F, 
Ugursal V. Mathematical modeling of a fluidized bed rice 
husk gasifier: part II – model sensitivity. Energy 
Sources2000; 22: 167–85.  



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 05 Issue: 12 | Dec 2018                   www.irjet.net                                                                    p-ISSN: 2395-0072 

 

© 2018, IRJET       |       Impact Factor value: 7.211       |       ISO 9001:2008 Certified Journal       |     Page 1299 
 

 
[18] Mansaray K, Ghaly A, Al-Taweel A, Ugursal V, 
Hamdullahpur F. Mathematical modeling of a fluidized bed 
rice husk gasifier: part III – model verification. Energy 
Sources 2000; 22: 281–96. 
 
[19] De Kam MJ, Morey RV, Tiffany DG. Integrating biomass 
to produce heat and power at ethanol plants. Appl Eng 
Agric2008;25: 227–44. 
 
[20] Ramzan N, Ashraf A, Naveed S, Malik A. Simulation of 
hybrid biomass gasification using Aspen plus: a comparative 
performance analysis for food, municipal solid and poultry 
waste. Biomass Bioenergy 2011; 35: 3962–9. 
 
[21] Jayah TH, Aye L, Fuller RJ, Stewart DF. Computer 
simulation of a downdraft wood gasifier for tea drying.  
BiomassBioenergy2003; 25: 459–69. 
 
[22] Jamison Watson, Yuanhui Zhang, Buchun Si, Wan-Ting 
Chen, Raquel de Souza; Gasification of biowaste: A critical 
review and outlooks; Renewable and Sustainable Energy 
Reviews 83 (2018) 1–17 
 
[23] Adil Wazeer, Akhand Pratap Singh; Smart grid; 
International Journal of Advanced Research in Science and 
Engineering; Vol. 7 Issue 5; 2018; 201-205. 

 
 

 


