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INTRODUCTION

 
With global population growth and rising living 

standards, energy demands have been increasing 
continuously throughout the year. To cope up with 
the ever increasing demand for energy and keeping 
in view the problems associated with the fossil fuel 
utilization, research has been directed towards 
utilization of alternative sources of energy which will 
assist in satisfying the energy demand and also to 
mitigate the environmental problems 
wood, 2010; N. Gao & Li, 2008; Kirkels & Verbong, 
2011; Ni, Leung, Leung, & Sumathy, 2006; Sheth & 
Babu, 2010). In comparison with 
sources of energy renewable energy assets
wide geological zones. Deployment of renewable 
energy technologies is therefore intended to 
contribute significantly to energy independence of 
the region along with associated economic and 
environmental benefits. In this regard, biomass have 
come up to be a major source of alternative energy 
having widespread availability and comparatively 
lower environmental impact than fossil fuels 
& Allwood, 2010; N. Gao & Li, 2008; Kirkels & 
Verbong, 2011; Ni et al., 2006; Sheth & Babu, 
2010). 

Gasification is a chemical process that can 
convert a carbonaceous material into useful chemical 

Australian Journal of Basic and Applied Sciences, 9(36) December 2015, Pages: 549

 
ISSN:1991-8178 

Australian Journal of Basic and Applied Sciences 
 
 
 

Journal home page: www.ajbasweb.com 

  

Hussain Chemical Engineering Department, Universiti Teknologi
Iskandar, Perak Darul Ridzuan, Malaysia. 

Tel: +60 1116388735; E-mail: maham.hussain@gmail.com 

Gasification Modeling and Simulation Studies using 

Suzana Yusup, Haslinda Zabiri 

Universiti Teknologi PETRONAS, 32610 Bandar Seri Iskandar, Perak Darul

A B S T R A C T  
With the growing world energy demands and oil crises, researchers are focusing on the 
usage of biomass and alternate fossil fuels to increase the production of 
biomass gasification technology is becoming renowned in world
of resources. Despite this potential, its application at industrial scale is limited due to 
energy intensiveness, costs and hazards of gasification process at high temperatures. 
Complexity of existing designs limits simultaneous and integrated assessment of 
process performance. Therefore, modeling and optimization have become an 
increasingly attractive design approaches to investigate the gasification performance 
within an extensive range of operating parameters. Owing to the g
biomass gasification, extensive modeling has been proposed using Aspen P
of design, simulation and optimization of gasifier for syngas production
paper presents a detailed overview of steady-state and dynamic 
Aspen Plus® to demonstrate the cost effective and time sav
and simulation.  
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INTRODUCTION  

With global population growth and rising living 
standards, energy demands have been increasing 
continuously throughout the year. To cope up with 
the ever increasing demand for energy and keeping 
in view the problems associated with the fossil fuel 

ion, research has been directed towards 
utilization of alternative sources of energy which will 
assist in satisfying the energy demand and also to 

problems (Cullen &All 
, 2010; N. Gao & Li, 2008; Kirkels & Verbong, 

2011; Ni, Leung, Leung, & Sumathy, 2006; Sheth & 
 the conventional 

sources of energy renewable energy assets exist over 
wide geological zones. Deployment of renewable 
energy technologies is therefore intended to 
contribute significantly to energy independence of 
the region along with associated economic and 
environmental benefits. In this regard, biomass have 

me up to be a major source of alternative energy 
having widespread availability and comparatively 
lower environmental impact than fossil fuels (Cullen 
& Allwood, 2010; N. Gao & Li, 2008; Kirkels & 

., 2006; Sheth & Babu, 

Gasification is a chemical process that can 
convert a carbonaceous material into useful chemical 

feedstock or convenient gaseous fuels. Some of the 
processes that are involved in this conversion
pyrolysis, partial oxidation and hydrogenation. One 
special feature of gasification is that this process has 
the capacity to process an extensive variety of 
feedstock. A percentage of the 
be utilized are coal, oils, petroleum cok
residuals, refinery wastes, hydrocarbon contaminated 
soils, biomass and agricultural wastes 
Cheremisinoff, 2005). Biomass gasification is a 
complex process involving various chemical 
reactions, heat and mass transfer processes and 
pressure changes (Basu, 2010)

The Gasification process
agent, i.e. Air, oxygen or steam, to rework the sub
atomic structure of the feedstock to change over it 
into a valuable vaporous fuel having higher 
to carbon (H/C) ratio. Depending upon the gasifying 
medium used the gasifiers are basically classified as 
oxygen, steam or air blown gasifiers. 

The gasification process proceeds in four steps
which are drying, pyrolysis, Oxidation (combustion) 
and Reduction (char gasification).In a typical gasifier 
drying occurs at a temperature less than
150 °C, pyrolysis occurs in the temperature range of 
150–700 °C, oxidation occursintherangeof
700– 1500 °C and reduction occurs in the range of 
800–1100 °C(Basu, 2006). The moisture in the fuel 
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process performance. Therefore, modeling and optimization have become an 

to investigate the gasification performance 
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saving methods of modeling 
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feedstock or convenient gaseous fuels. Some of the 
processes that are involved in this conversion are 
pyrolysis, partial oxidation and hydrogenation. One 
special feature of gasification is that this process has 
the capacity to process an extensive variety of 

stock. A percentage of the raw material that can 
be utilized are coal, oils, petroleum coke, refinery 
residuals, refinery wastes, hydrocarbon contaminated 
soils, biomass and agricultural wastes (Rezaiyan & 

Biomass gasification is a 
complex process involving various chemical 
reactions, heat and mass transfer processes and 

(Basu, 2010). 
The Gasification process requires a gasifying 

Air, oxygen or steam, to rework the sub-
atomic structure of the feedstock to change over it 

ous fuel having higher hydrogen 
. Depending upon the gasifying 

medium used the gasifiers are basically classified as 
oxygen, steam or air blown gasifiers.  

The gasification process proceeds in four steps 
are drying, pyrolysis, Oxidation (combustion) 

d Reduction (char gasification).In a typical gasifier 
drying occurs at a temperature less than 
150 °C, pyrolysis occurs in the temperature range of 

700 °C, oxidation occursintherangeof 
1500 °C and reduction occurs in the range of 

. The moisture in the fuel 
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dissipates in the drying process causing a discharge 
of steam. In the pyrolysis step the volatile part of the 
feedstock is vaporized as it is raised up. The volatile 
vapor thus generated is an assortment of mainly 
hydrogen, carbon monoxide, carbon dioxide, 
methane, hydrocarbon gases, tar, and water vapor 
(Kivisaari et al., 2004; Weerachanchai, Horio, & 
Tangsathitkulchai, 2009). 

The main reactions during the biomass 
gasification process are shown (Li, Zhang, & Bi, 
2010) 

C+O2→CO2  -393, 5[KJ/mole] 
C+0.5O2→CO  -123, 1[KJ/mole] 
C+2H2→CH4  -87, 5[KJ/mole] 
C+CO2→2CO  +159, 

9[KJ/mole] 
C+H2O→CO+H2  +118, 

5[KJ/mole] 
 
The oxygen supplied to the gasifier reacts with 

the combustible substances which produces CO2 and 
H2O, which furthermore decompose in pyrolysis. 
The four main steps are (a) Watergas reaction,  

(b) Boudouard reaction, (c) Shift conversion and 
(d) Methanation (Duman, Uddin, & Yanik, 
2014).Biomass gasification is anadvancetechnology 
to produce better yield of hydrogen. Recent trends in 
the biomass gasification process have raiseinterest in 
studying its performance influenced by many 
operational parameters related to gasifier and 
biomass(Ahmed, Yusup, Inayat, & Khan, 2012). 
Some of these parameters are composition and 
moisture content of biomass, size of biomass 
particles, type of gasifying agent, geometrical 
configuration of gasifier, residence time, gasification 
temperature, pressure and gasifying agent(Aggarwal, 
Ydstie, White, & Seminar, 2008; Ahmed et al., 2012; 
Obernberger & Thek, 2008). 

One of the most significant current discussions 
lies in utilizing steam as gasifying medium for 
hydrogenproduction. The steam gasification of 
biomass has been studied extensively with variety of 
reactor , Fixed bed, fluidized bed, entrained bed, 
vertical shaft, moving grate furnace, rotary kiln and 
plasma reactor. The fluidized bed is commonly 
utilized technology and the one with the most  
scaling up development(Pereira, da Silva, de 
Oliveira, & Machado, 2012; Weerachanchai et al., 
2009). On the other hand the double fluidized bed 
gasification which combines a steam-blown fluidized 
bed gasification with a fast fluid bed blown with airis 
getting more progressive(Göransson, Söderlind, & 
Zhang, 2011; Kirnbauer & Hofbauer, 2011; Koppatz, 
Pfeifer, & Hofbauer, 2011; Saw, McKinnon, 
Gilmour, & Pang, 2012; Schmid, Wolfesberger, 
Koppatz, Pfeifer, & Hofbauer, 2012). 

Most biomass gasification technology related 
studies focused on steady state process conditions. 
However, few researchers have reported systematic 
researcheson dynamic behavior of biomass 

gassification processes. Dynamic studies are 
essential in improving control and optimization 
performances during plant operations(Koppatz et al., 
2011). The aim of this paper is to present a review on 
mathematical,computational and simulation works 
that have contributed to the improvement of 
hydrogen production by means of biomass 
gasification. 

 
Mathematical Models for the Biomass Gasification 
Process: 

Modeling and simulation are progressively 
becoming a useful tool to investigate the process 
parameters of the biomass gasification process. A 
variety of model types are utilized to evaluate 
biomass gasification methodology to explain 
kinetics, equilibrium and the fluid dynamic 
behaviors. Each has its advantages and drawbacks. 
One advantage of the kinetic model is that, it 
provides significant data regarding the conversion of 
biomass to hydrogen, which is essential to improve 
the overall performance. It has been observed that 
kinetic models are more precise compared to the 
thermodynamic equilibrium models (Sharma, 
2008a), eventually the process can simulate better 
with the experimental data (Puig-Arnavat, Bruno, & 
Coronas, 2010). Furthermore, flow sheet modeling 
and simulation with mass and energy balance helps 
to investigate the performance indicators for biomass 
gasification process for hydrogen production, e.g. 
Hydrogen production, hydrogen purity and hydrogen 
efficiency (Biagini, Masoni, &Tognotti, 2010; 
Cohce, Dincer, & Rosen, 2011; Pfeifer, Puchner, 
&Hofbauer, 2009). Many researchers have reported 
different studies to investigate and model the overall 
performance of biomass gasification for a given 
feedstock. (Antonopoulos, Karagiannidis, 
Gkouletsos, & Perkoulidis, 2012; Azzone, Morini, & 
Pinelli, 2012; Babu & Sheth, 2006; Baggio et al., 
2009; Barman, Ghosh, & De, 2012; Bhattacharya, 
Bhattacharya, & Datta, 2012; Bridgwater, 1995; 
Deydier, Marias, Bernada, Couture, &Michon, 2011; 
Doherty, Reynolds, & Kennedy, 2009; J. Gao et al., 
2012; N. Gao& Li, 2008; Giltrap, McKibbin, & 
Barnes, 2003; Gordillo & Belghit, 2011; Gungor, 
2011; Hannula & Kurkela, 2012; Inayat, Ahmad, 
Mutalib, &Yusup, 2012; Jakobs et al., 2012; Janajreh 
& Al Shrah, 2013; Kaushal, Proell, &Hofbauer, 
2011; Loha, Chatterjee, & Chattopadhyay, 2011; 
Melgar, Perez, Laget, & Horillo, 2007; Ngo et al., 
2011; Nguyen et al., 2012; Nikoo & Mahinpey, 
2008; Nilsson, Gómez-Barea, Fuentes-Cano, & 
Ollero, 2012; Pepiot, Dibble, & Foust, 2010; Pirc, 
Sekavcnik, & Mori, 2012; Puig-Arnavat et al., 2010; 
Puig-Arnavat, Hernández, Bruno, & Coronas, 2013; 
Saravana kumar, Hagge, Haridasan, &Bryden, 2011; 
Shabbar & Janajreh, 2013; Sharma, 2008a, 2008b; 
Sreejith, Muraleedharan, &Arun, 2013; Xie, Zhong, 
Jin, Shao, & Liu, 2012). The mathematical models 
discussed are useful in representing gasification 
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process, with the help of mathematical equations. 
This representation of the gasification process in 
mathematical terms helps in gaining an insight about 
the significance of the operating parameters affecting 
the gasifier performance (Antonopoulos et al., 2012; 
Azzone et al., 2012; Babu & Sheth, 2006; Baggio et 
al., 2009; Barman et al., 2012; Bhattacharya et al., 
2012; Bridgwater, 1995; Deydier et al., 2011; 
Doherty et al., 2009; J. Gao et al., 2012; N. Gao & 
Li, 2008; Giltrap et al., 2003; Gordillo & Belghit, 
2011; Gungor, 2011; Hannula & Kurkela, 2012; 
Inayat et al., 2012; Jakobs et al., 2012; Janajreh& Al 
Shrah, 2013; Kaushal et al., 2011; Loha et al., 2011; 
Melgar et al., 2007; Ngo et al., 2011; Nguyen et al., 
2012; Nikoo & Mahinpey, 2008; Nilsson et al., 2012; 
Pepiot et al., 2010; Pirc et al., 2012; Puig-Arnavat et 
al., 2010; Puig-Arnavat et al., 2013; Saravana kumar 
et al., 2011; Shabbar & Janajreh, 2013; Sharma, 
2008a, 2008b; Sreejith et al., 2013; Xie et al., 
2012).The gasification models developed are used to 
study the thermo-chemical methods happening inside 
the gasification of the given available feedstock and 
to assess the effect of the feedstock and operating 
parameters, for example, moisture content, air/fuel 
ratio, producer-gas composition and the calorific 
value of the producer gas (Antonopoulos et al., 2012; 
Azzone et al., 2012; Babu & Sheth, 2006; Baggio et 
al., 2009; Barman et al., 2012; Bhattacharya et al., 
2012; Deydier et al., 2011; Doherty et al., 2009; J. 
Gao et al., 2012; N. Gao& Li, 2008; Giltrap et al., 
2003; Gordillo & Belghit, 2011; Gungor, 2011; 
Hannula & Kurkela, 2012; Inayat et al., 2012; Jakobs 
et al., 2012; Janajreh & Al Shrah, 2013; Kaushal et 
al., 2011; Loha et al., 2011; Melgar et al., 2007; Ngo 
et al., 2011; Nguyen et al., 2012; Nikoo & 
Mahinpey, 2008; Nilsson et al., 2012; Pepiot et al., 
2010; Pirc et al., 2012; Puig-Arnavat et al., 2010; 
Puig-Arnavat et al., 2013; Saravana kumar et al., 
2011; Shabbar&Janajreh, 2013; Sharma, 2008a, 
2008b; Sreejith et al., 2013; Xie et al., 2012). 

Recent developments have led to a renewed 
interest in a comparative study of the developed 
models for gasification process. This can be used to 
investigate the applicability as well as limitation in 
studying a given gasifier design utilizing a given 
feedstock. Sensitivity analysiswhich involveschanges 
in variablessuch as feed flow rate, gasifying agent 
flow rate, equivalence ratio, reactor pressure and 
reactor temperature which influence the gasification 
process significantly can be used for such 
investigation (Basu, 2010). Change in any of the 
parameter shows considerable effect on the end-gas 
composition and hence on the performance of the 
gasifier (Basu, 2010). Also, different feed stocks has 
inherent heterogeneity in terms of their composition 
and thermo-chemical properties (Ni et al., 2006). It is 
also observed that the parameters affecting the 
gasification process exhibit aninter-related behavior 
(Lapuerta, Hernández, Pazo, & Lopez, 2008).Thus, 
experimentation to find the optimum conditions for a 

given reactor design utilizing a certain feedstock 
becomes time consuming and expensive. Under such 
conditions, mathematical modeling and simulation 
have been found to serve as important tools to study 
the gasifier behavior in order to optimize its design 
and operation without going for physical 
experimentation (Antonopoulos et al., 2012; Azzone 
et al., 2012; Babu & Sheth, 2006; Baggio et al., 
2009; Barman et al., 2012; Bhattacharya et al., 2012; 
Bridgwater, 1995; Deydier et al., 2011; Doherty et 
al., 2009; J. Gao et al., 2012; N. Gao& Li, 2008; 
Giltrap et al., 2003; Gordillo&Belghit, 2011; 
Gungor, 2011; Hannula & Kurkela, 2012; Inayat et 
al., 2012; Jakobs et al., 2012; Janajreh& Al Shrah, 
2013; Kaushal et al., 2011; Loha et al., 2011; Melgar 
et al., 2007; Ngo et al., 2011; Nguyen et al., 2012; 
Nikoo & Mahinpey, 2008; Nilsson et al., 2012; 
Pepiot et al., 2010; Pirc et al., 2012; Puig-Arnavat et 
al., 2010; Puig-Arnavat et al., 2013; Saravana kumar 
et al., 2011; Shabbar & Janajreh, 2013; Sharma, 
2008a, 2008b; Sreejith et al., 2013; Xie et al., 2012). 
It is reported that due to the inherent complexity of 
biomass gasification processes, modeling and 
simulation for performance prediction is still a 
developing area of research (Warnatz, Maas, & 
Dibble).Approaches for mathematical modeling of 
gasification process could be categorized into (i) 
Thermodynamic Equilibrium,(ii)kinetic 
and(iii)Artificial Neural 
Network(ANN)routes(Ahmed, Yusup, Inayat, & 
Khan, 2012). 

 
Process Simulation Models: 

Aspen Plus®is a standard process flow 
sheetingtool which has been used to study biomass 
gasification process (Ramzan, Ashraf, Naveed, & 
Malik, 2011; Schuster, Loffler, Weigl, & Hofbauer, 
2001). A few Aspen plus® simulation models have 
been considered  in the published works which 
explores the effect of various operating variables on 
the biomass gasification performance (Aggarwal et 
al., 2008; Gomez, Mitta, Velo, & Puigjaner, 2007). It 
is a problem-oriented input software that utilized to 
encourage the estimation calculation of physical, 
chemical and biological processes. It can be utilized 
to describe and investigate processes involving both 
fluid solidstreams. Aspen Plus® makes model 
development and upgrading simpler. Thissoftware 
comprises a vast property information bank including 
different stream properties needed to model the 
material streams in a gasification plant, with 
anallowance for the conventional as well as non-
conventional property information. In cases when 
more complex block capabilities are needed, they can 
be coded as FORTRAN subroutines,whichare very 
helpful to model and simulate pyrolysisprocessof 
biomass gasification (Gomez et al., 2007). 

A Steady state simulation model for biomass 
gasification using Aspen Plus® is reported. In the 
simulation study, the operating parameters like 
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temperature, equivalence ratio, biomass moisture 
content and steam have been changed over wide 
range, andeffect of these parameters on syngas 
composition, high heating value and cold gas 
efficiency has been observed. The result shows that 
increase in temperature enhances the CO, H2, 
production also addition of steam  favors hydrogen 
production(Nikoo & Mahinpey, 2008). 

 
Dynamic Simulation Models: 

Dynamic simulation is an advanced process 
activity that integrates the design, operation and 
control altogether. Dynamic simulation uses 
mathematical models that describe how various 
properties of a given system changewith time. The 
unsteady-state conservation of a certain property can 
be expressed by the following general equation: 

{rate of accumulation }= {rate of input}-{rate of 
output} + {generation rate}-{consumption rate}  

The models used for dynamic flow sheeting 
consist of mass, energy and momentum conservation 
equations. When chemical reactions take place, it is 
useful to work with number of moles instead of 
mass(Dimian et al., 2014). In addition to flow sheet 
modeling and simulation with mass and energy 
balance it also explores the performance indicators 
e.g. hydrogen yield, hydrogen purity and hydrogen 
efficiency for hydrogen production in biomass 
gasification process (Cohce et al., 2011; Lapuerta et 
al., 2008; Pfeifer et al., 2009). 

Developing an effective control system requires 
prior information of system dynamic behavior both 
on unit operation and plant level. The unit-operation 
level shows the dynamic behavior of the specific unit 
operation without considering interactions with other 
unit-operations in the system. The plant-wide 
dynamics include the interaction between unit 
operations and the effect of special features like 
recycling and heat integration in the plant as a whole. 
Both play a significant role in control system 
design.It is observed from the literature review that 
there is a lot of work on steady state modeling of 
biomass gasification systems but a very limited work 
on dynamic modeling and control of biomass 
gasification. However, understanding the dynamic 
behavior of various biomass gasification processes is 
very important for design and implementation of 
effective control systems. Control systems play a 
significant role in both pilot scale and large scale 
production systems which is the future direction of 
research for biomass gasification technology. Control 
systems involve significant cost and their 
performance plays very fundamental role in the 
quality of product, cost of production as well as safe 
operations. 

Koc, et al. (2011)demonstrate a two-stage 
simulation model to predictperformance of fluidized 
bed biomass gasifier for both dynamic and steady 
state operations. The model is fit for predicting the 

bed temperature, gas mole fractions, higher heating 
value and production rate. 

Wang et al. (2013)investigated the dynamic 
study on slag stream and heat transfer at the slag tap 
gap area of Shell gasifier. The dynamic model was 
proposed to lighten the slag accumulation on the 
mass of slag screen. The outcomes establish that the 
simulated slag can be separated to slim fluid fibers 
by the fast twirling gas stream, and some pieces of 
the fibers can store on the slag screen divider. At the 
point when the surface temperature is below the 
critical temperature, the slag is absolutely set to 
strong slag layer. At equilibrium, a liquid slag layer 
covers the solid slag layer and its surface temperature 
is higher than the critical temperature.  

A detailed dynamic model of the 300MWShell 
gasifier is developed for IGCC (incorporated 
gasification combined cycle) process. The model 
comprises of a few sub-models, for example, a 
volatilization zone, reaction zone, quench zone, slag 
zone, and membrane wall zone, including heat 
transfers between the wall layers and steam 
generation. The product gases (H2 and CO) started to 
exit from the reaction zone within 0.5 s, and nucleate 
boiling heat transfer was dominant in the water zone 
of the membrane wall due to high heat fluxes. The 
steady state was achieved in nearly 500 seconds , and 
the simulation results such as the temperature and 
composition of the syngas, the cold gas efficiency 
(81.82%), and carbon conversion (near 1.0) were 
validatedwith the reference data(Lee, Lee, Joo, Oh, 
& Lee, 2014). 

From the literature survey it can be established 
that much work need to be done on the dynamic and 
control studies of biomass gasification 
systems.Aspen plus simulation can be used to study 
the dynamic behavior of biomass gasification 
systems and selection and evaluation of appropriate 
control strategies. 
 
Conclusion: 

This study is an attempt to address the usage of 
biomass as energy source that is in discussion for 
recent years and special attention has been paid to 
biomass gasification. Due to increasing interest in 
biomass gasification, there are several proposed 
models that can explain this complex process along 
with simulation, optimization and process analysis. 
Most of the work incorporates Aspen Plus as the 
simulator. Biomass gasification process poses certain 
challenges for its modeling due to the complexity of 
its kinetics and variety of condition at different 
locations of the gasifier. Although the researchers 
have modeled biomass gasification process with 
sufficient accuracy, most of them has used 
equilibrium models at steady state. This, although 
can serve as a good start, cannot determine the 
system behavior with the accuracy which is expected 
by kinetic models in dynamic state. However, Aspen 
Plus Dynamics allows to develop dynamic model for 
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the better operation and control along with 
emergency scenarios, evaluation of plant startup and 
shut down procedures. Limited work has been done 
in the field of dynamic models and there is a lot of 
scope in this area in order to predict the real 
behavior, viability and sustainability of the 
gasification process.  
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