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Graphical abstract Abstract
. ) One of the gasifiers used in the gasification process is the fluidized bed reactor.
01s v Determining the optimal process parameters for a fluidized bed reactor through
016 o direct experimentation is both time-consuming and costly. These challenges can
o 008 be addressed through a computational fluid dynamics (CFD) based numerical
::1 v approach. In this study, the Eulerian-Eulerian two-phase model coupled with
08 kinetic model will be employed to predict the amount of product produced by
" chemical reaction. To achieve the best performance of the fluidized bed reactor
:: and optimize the production of syngas, variations in temperature, airflow rate,
. o biomass flow rate, and biomass humidity will be explored to determine the

H, co optimal operational conditions for syngas production and selectivity. The

simulation results indicate that high-intensity reactions occur around the
biomass feed, increasing the temperature in that region. Changes in process
0 parameters influence syngas yield. H, yield enhanced 3% at 12 L/min air flow
15 rate. Conversely H, production decreased at inlet air temperature 823 K due to

consumed to produce CHs. A high biomass feed rate extends retention time,
2 " thereby increasing the likelihood of secondary reactions that produce CO and
& CH,4. Additionally, high water content in the gasification process decreases CO
production and increases CO, production.

Keywords: Optimization, Gasification, Fluidized Bed Reactor, Syngas, Computational Fluid
co, CH,
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1.0 INTRODUCTION Biomass is an energy source that come from organic materials

such plants or animals [2] [3]. Biomass considered as an energy
World population growth and rapid industrial development in source that has good availability since it consists of various wide
the last few decades have led to increasing energy demand. range of materials and has low dependency on time like wind
Global energy consumption has increased from 141,326 TWh in and solar energy that depend on climate and sun exposure [4].
2010 to 178,899 TWh in 2022 [1]. Meanwhile fossil fuel is no Utilization ~ biomass  playing the important role on
longer sufficient to meet the demand due to their dwindling decarbonization since amount of carbon dioxide that it absorbs
availability. Renewable and cleaner energy sources such through its life cycle is the same as amount of carbon that
biomass, tidal, wave, solar, wind, geothermal, etc. have been release to the environment, so it considered as carbon neutral
developed and explored to substitute the use of fossil fuel. [5]. In present days, lignocellulosic materials such agriculture

and forestry waste are preferable as biomass energy sources
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since it does not disturb human’s food supply [6]. Especially in
Indonesia, where numerous plant species grows, biomass waste
such wood waste from industrial and agriculture left out being
degraded by nature. The amount of energy that can utilized from
wood waste is estimated to reach 120 GJ per year [7]. Aside from
its availability, its low content of sulfur and its heating value
make wood has good potency as energy source [8]. To effectively
utilized, wood can be processed through gasification, which
convert biomass into valuable resources [9].

Gasification is a process that converts carbonaceous materials
into gaseous materials called syngas which mainly consisted of
H, dan CO. Earlier experimental research conducted by Maniatis
et al [10] about wood gasification inside fluidized bed reactor
found out that feedstock flowrate influenced the quality of
syngas product, where the lack of air as gasification medium to
the ratio of below 0.2 is not suitable to support the autothermal
operation inside the reactor. Low air to biomass ratio in wood
gasification was investigated by Bandara et al [11], where the
0.16 air to biomass ratio is still sufficient to completely convert
char fraction. Research by Zhao et al [12] about sawdust
gasification showed that the increase of reaction temperature
from 700°C to 1000°C enhances the yield of H, and CO,. Research
conducted by Chen et al [13] on the effect of temperature and
heating time to sawdust in a laboratory scale gasifier concluded
that external heating could improve reactor performance, and
cracking temperature at 700°C is preferable in economic point
of view. Experiment about the influence of woodchip moisture
conducted by Sommas & Suneerat [14] found out that the
increase of moisture content up to 25.5% reducing temperature
inside the reactor, which give the negative effect on reactor
performance. It also mentioned that increase of moisture
content increasing CO, production. The same result was also
received by Pfeifer et al [15] where the high amount of water
content in wood gasification led to the decrease of overall
efficiency.

Fluidized bed gasifier is an efficient reactor in gasification
process because it’s excellent solid mixing and heat transfer [16]
[17]. Moreover, fluidized bed also has the capability to scale-up
and handle wide range of biomass [18] [19]. In order to
determine the operational condition of fluidized bed gasifier,
direct experiment may bring the accurate result, but the test will
cost a lot of money and much time [9] [20]. Moreover, it is
difficult to observe the behavior of material inside the fluidized
bed gasifier due to the opaqueness of its wall. Those problems
can be overcome through numerical approach based on
computational fluid dynamics (CFD). CFD can visualize the flow
of mass, energy, and momentum inside the gasifier. Through
CFD, some adjustments to optimize the reactor performance are
a lot easier and cheaper to carry out.

To simulate the gasification process, numerical methods based
on CFD have been developed. In general, there are two types of
CFD model that are utilized to compute the interaction between
solid phase and gas phase. Eulerian-Lagrangian CFD model called
Discrete Element Method (DEM) utilizes conventional Navier-
Stokes equations to compute continuum phase and lagrange
method to track solid particle behavior. Previous studies that
utilize CFD-DEM to predict the influence of various operation
parameters to the overall operational condition [21] [22] [23]
[24]. This method is considered expensive since it requires a high
specification computer to compute thousands or even millions
of particles [24] [25]. On the hand, Eulerian-Eulerian model
called Two Fluid Model (TFM) treats both fluid and solid phase

as continuum. This method can simulate the gasification process
with lower cost of computation since both solid and gas phase
were computed using Navier-Stokes equations. TFM has been
utilized to simulate gasification processes inside fluidized bed
reactor with various types of biomasses such as rice husk [26],
coffee husk [27] [28], peach stone and miscanthus [29].

In the present study, Eulerian-Eulerian two-phase model will
be utilized to simulate mass, energy, and momentum balance
inside the reactor. Meanwhile reaction kinetic model will be
utilized to predict the amount of product produced by chemical
reaction. To achieve an optimum fluidized bed performance and
selection in syngas yield, variation of temperature, air flow rate,
biomass flow rate, and biomass humidity will be simulated to get
the optimum operational condition in producing syngas and
selectivity.

2.0 METHODOLOGY

As previously mentioned, wood was chosen as gasification
feedstock due to its availability and capability as syngas
producer. Content of wood as obtained from proximate and
ultimate analysis is represented in Table 1.

Table 1 Proximate and ultimate analysis [18]

Content
Ultimate Analysis (wt%)
C 47.41
H 6.12
N 0.2
cl 0.05
S 0.01
o 45.00
Proximate analysis (wt%)
Moisture 15.00
Volatile matter 83.80
Ash 1.16
Fixed Carbon 16.20

Biomass with a diameter of 0.5 mm is fed into the gasifier at a
flow rate of 0.08 g/s. The gasification process takes place inside
a lab-scale fluidized bed gasifier with a diameter of 4.445 cm and
a height of 40 cm. Sand acts as inert material with a static height
of 8 cm. Air is blown from the bottom of the reactor at a velocity
of 11 cm/s. The simulation is conducted using a two-dimensional
Euler-Euler two-phase model.

2.1. Drying

The rate of moisture release from the biomass expressed as [30]:

ch
R = 1
op = 22 &
Qcr = Ashs(Tg —Ts) (2)

Where Rep is drying rate, He,, evaporation heat, Q. is absorbed
heat by solid phase, A is particle surface area, Tsis solid phase
temperature, and Tg is gas phase temperature.
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2.2. Kinetics Model

The gasification kinetics model developed by Kumar and Paul
[31] were used to predict the gasification yield. In the early
stages of gasification, biomass containing CtH,O, components
decomposes into simpler components such as char, volatiles,
and condensable hydrocarbons. In this study, the gasification
process is approached through the volatile break-up approach.
The volatile break-up approach assumes that non-condensable
gases such as H,, CO, CO,, H;0, Ny, and S are packaged into a
pseudo-gas phase called volatile. Then, the volatile gas
decomposes into these gases through stoichiometric
equilibrium as expressed in Equations (3) and (4), where X1 to
X7 are the equilibrium constants for each species.

Biomass - Volatile + Char + Tar (3)

Volatile > X1H, + X2CO + X3CO,
+ X4CHj + X5H,0 + X6N, + X7S (4)

Table 2 Kinetics model

Reaction Reaction E Source
. A
Equation (J mol?)
Water-gas C + H0 >
Reaction CO +H; 8.268 188200 (32]
Boudouard C+ C02 >
Reaction 2C0 12.2 144000 [32]
Partial Oxidation 2C + 02 >
Reaction 2C0 147000 113000 [32]
Forward Water CO+H20 >
Gas Shift CO2 +H2 2.35e+10 12554 [33]
Reaction
Reverse Water CO2 +H2 >
Gas Shift CO +H20 1.785e+12 45544 [33]
Reaction
Steam Reforming CH4 +
Reaction H20-> CO + 3e+8 36150 [34]
3H2
CO Oxydation CO + 0.502
Reaction > o2 1.0e+10 126000 [34]
H|drogenat|on C+ 2H: > 3.88946-06 19210 (34]
Reaction CH4

The Arrhenius equation is employed to calculate reaction rate
constant.

Ej
ki = Asexp (- 2) (5)
Where Ajis pre-exponential factor and E;jis activation energy.

2.3. Transport Equations

To obtain an accurate model, the momentum, mass, and
energy balances must be well defined. The momentum balance
in this model is expressed in Equation (5) and Equation (6):

pug Vug=V-[-pl+ 15| + pgg + i‘;—j+ Fy (6)
p(us - Vug =V [-pl+15] + psg + F:Z_;g (7)

Where

Tg = (ug + uT) (Vug + (Vug)T - § (V . ug)l) - %pgkl (8)
7o = (s + i) (Vatg + (V)" =2(V-u)l) = 2pkl  (9)

Where p is density, u is velocity, p is pressure, | is reactor length,
T is shear stress, g is gravitation, W is dynamic viscosity, Fn, is
interphase force, ¢ is porosity, k is kinetic energy, s subscript is
solid phase, g subscript is gas phase, m subscript is solid-gas
interphase, and T subscript is total. The Reynolds Averaged
Navier-Stokes (RANS) turbulent model is applied to model the
turbulent regime. The equation below uses the average density
and velocity of the two phases in the turbulence
model equation.

ps = Psps + (1 — ¢s)pg (10)

(¢susps+(1_¢s)ugpg)
v = gPe) 11

m Pspst(1—s)pg ( )

The momentum balance boundary condition at the inlet is
expressed in Equations (11) and Equations (12), where the inlet
velocity is the same as the initial velocity for both the
solid and gas phases.

Ug = Ugo (12)
Us = Uso (13)
The boundary condition at the outlet is expressed by Equations
(13) to Equations (14), where the outlet pressure is equal to the

initial pressure and there is no shear stress for both the gas and
solid phases at the outlet, while n is vector operations.

P =po (14)
5n-0 (15)
n-0 (16)

The no-slip wall condition is applied to the wall boundary, as
stated in Equation (16) and Equation (17).

Ug.n (17)
Us.n (18)

Mass balance used in this model expressed as:

V- (—DigVcig) + Uig - Veig = Rig (19)
V- (=DisVeis) + ujs - Veis = Ry (20)
aci 9% _ p 9% 9ci 9¢i _ p o Dids

P Diaxz D‘ay2+uxax+uyay_R1+x o (21)

Where D; is the diffusion coefficient species i, Ci is concentration
i, R is reaction rate species i, x is cartesian coordinate x, y is
cartesian coordinate y, t is time. In drying and pyrolysis
reactions, wet biomass produces water vapor while dry
biomass decomposes into char and several gas species.
Diffusion and convection mass transfer are modeled by two-
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dimensional mass flow. To replicate cylindrical geometry, a
three-dimensional cylindrical mass transfer equation model is
adapted to a two-dimensional coordinate model expressed
in Equation (20).

The change in species from the solid phase to the gas
phase results in a variation in volumetric flow rate, thus the
continuity equation can be expressed as:

V(pugpg) = Ss¢ (22)
1= Plpsus = _Ssg (23)
Where S, is gas produced from drying and pyrolysis reaction.
While boundary condition is expressed in equation (24) and (25),

outlet section is expressed in equation (26), and wall section is
expressed in equation (27) and (28).

n- (—Dichig + uig) =1 UgCoi (24)
n - (—DisVeis + uis) = 1n - ugCy; (25)
n - DigVejg =0 (26)
n- DigVeig =0 (27)
n-DisVeis =0 (28)

The energy balance governs the heat distribution within the
system as expressed in Equation (29)

pCou-VT+V-q=0 (29)
q = kegVT (30)
ketr = psks + (1 - ¢g)kg (31)

Where G, is heat capacity, T is temperature, g is heat flux, Q is
the heat in the system, k is thermal conductivity, ke is the
effective interphase conductivity. Boundary conditions in the
energy balance are defined in Equation (31) for the inlet, where
the energy flux is equal to the amount of heat generated by the
enthalpy difference. No heat is transferred at the outlet, and the
wall is insulated, so no flux condition is applied on either
boundary as expressed in equation (32).

—n-q=pAHu-n (31)

-n-q=0 (32)

3.0 RESULTS AND DISCUSSION

Figure 1 depicts the reaction rate across the height of the
reactor. While there are eight reactions involved in this study,
only the most significant rates are displayed. The water-gas shift
reaction occurs near the air inlet due to the separation of water
content and the generation of carbon monoxide during the
pyrolysis phase at the bottom of the reactor [35]. Carbon
monoxide is produced during partial oxidation and the
Boudouard reaction. Partial oxidation occurs due to char
combustion, while the Boudouard reaction happens because

carbon dioxide, resulting from carbon monoxide oxidation,
further reacts with char. Another significant reaction is
hydrogenation, which involves the reaction between char and
hydrogen, producing methane. The height of the reactor affects
the gas products from the gasification reaction. The continued
reaction rate at the top of the reactor indicates that increasing
the reactor height could facilitate further reactions due to the
factor of residence time [36].

90

— 2C+02=2C0
sk —— CO+H20=C02+H2 | |
€0+0.502=C02
80 C+2H2=CH4
—— C+C02=2C0

Reaction Rate (mol/m?/s)

0 0.1 0.2 0.3 0.4
Reactor Height (m)
Figure 1 Reaction Rate Profile as a Function of Reactor Height
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Figure 2 Temperature distribution (K) shows high intensity of exothermic
reaction occur near biomass inlet [left]; The increase in velocity
distribution (m/s) as consequence of interaction between biomass and
gasifier flow [right]

The temperature distribution, illustrated in Figure 2, reveals that
the highest temperatures are observed near the biomass feed
inlet. As biomass enters the fluidized bed gasifier, it comes into
contact with hot air, leading to its conversion into char, volatile
compounds, and condensable gases. These materials undergo
reactions with each other, consistent with Basu's explanation
[9], that the gasification process is driven by exothermic
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reactions in overall. This observation aligns with Figure 1, where
the most intense reaction activity is concentrated around the

biomass feed inlet.
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Figure 3 Mole Fraction Distribution of Hydrogen, Carbon Monoxide,
Carbon Dioxide, and Methane as product of gasification process. The
species distribution indicates that further reactions were occurring at
the top part of reactor

Figure 3 depicts the mole distribution of each species involved
in the gasification process. Hydrogen and carbon monoxide,
serving as the primary products, exhibit higher mole fractions
compared to carbon dioxide and methane, which are considered
side products [3][9]. The mole fraction of hydrogen experiences
a slight decrease towards the top of the reactor due to its
reaction with char, resulting in methane generation. Conversely,
the highest mole fraction of carbon monoxide is observed at the
top of the reactor. While hydrogen is consumed with increasing
reactor height, carbon monoxide is predominantly formed via
the Boudouard reaction, as illustrated in Figure 1. Notably,
carbon monoxide formation involves partial oxidation reactions
near the biomass feed, although it is also subject to consumption
through carbon monoxide oxidation reactions and the water-gas
shift reaction.

Methane and carbon dioxide exhibit lower mole fractions
compared to hydrogen and carbon monoxide, serving as side
products in the gasification process. Methane's mole fraction
increases towards the top of the reactor due to the

hydrogenation of carbon monoxide. Meanwhile, carbon dioxide
attains its highest mole distribution in the middle of the reactor
but decreases towards the reactor's top. This decline is
attributed to the oxidation of carbon monoxide, which forms
carbon dioxide initially. Subsequently, carbon dioxide reacts
further with char, producing carbon monoxide. Consequently,
the mole fraction of carbon dioxide decreases at the top of the
reactor due to its consumption in the Boudouard reaction.
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Figure 4 Mole fraction distribution of char, oxygen, water as reactant,
while nitrogen as inert. High concentration of water at the inlet indicates
a rapid evaporation by the hot air, and furthermore consumed by the
reactions.

During the pyrolysis reaction, biomass decomposes into char
and gas, thus lead to high amount of char present across the
reactor. Subsequently, this char reacts with oxygen and water
vapor, as detailed in the kinetic model presented in Table 2.
Towards the top of the reactor, char is consumed primarily
through hydrogenation reactions, which produce methane, and
through reactions with carbon dioxide to generate carbon
monoxide. These reactions contribute to the decrease in char
mole fraction at the top of the reactor, as illustrated in Figure 4.

In Figure 4, it can be observed that the oxygen
concentration decreases after leaving the air inlet. This
reduction in oxygen concentration indicates that oxidation
reactions have occurred around the biomass feeder. The
gasification process typically occurs with a low amount of
oxygen, resulting in the oxygen being consumed by the reaction.
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Similarly, the water concentration decreases as the drying
process separates the water content from the biomass. The
water then reacts with char to produce carbon monoxide and
hydrogen. Additionally, water reacts with carbon monoxide to
produce carbon dioxide and hydrogen, while some water also
reacts with methane to produce carbon monoxide and
hydrogen. This phenomenon explains the high-water content
around the biomass feeder and the low concentration at the
outlet of the reactor.

Nitrogen is considered an inert gas in volatile break up
approach [31]. Its high concentration at the inlet is attributed to
the use of air as the gasification medium, which comprises 78%
nitrogen. Biomass decomposition produces more gas, resulting
in a relative decrease in nitrogen concentration at the top of the
reactor.

Table 3 Air flow rate and syngas yield

Flow Rate Yield (Mole Fraction)
(L/min) co co; H. CHa
8 0.32099 0.1111 0.50405 0.063852
9 0.32 0.11036 0.51042 0.059228
10 0.31923 0.10983 0.51511 0.055825
11 0.3186 0.10946 0.51872 0.053225
12 0.31808 0.10918 0.52157 0.051175

Table 4 The effect of biomass feed rate on syngas yield

Blom.ass Yield (Mole Fraction)

Density

(vol%) co CO: H2 CH4
0.08 0.2929 0.1221 0.5466 0.0385
0.1 0.3069 0.1152 0.5328 0.0452
0.12 0.3192 0.1098 0.5151 0.0558
0.14 0.3315 0.1060 0.4912 0.0712
0.16 0.3437 0.1038 0.4613 0.0912

increases the amount of oxygen available for the oxidation
reaction. Meanwhile, a higher biomass feed rate makes the
oxygen increasingly limited and extends the retention time due
to the low magnitude of momentum. Therefore, at biomass
0.16% volume, hydrogen production significantly decreased,
while methane production increased. The extent of retention
time increases the likelihood of hydrogenation reaction which
produces methane as its product. Conversely, hydrogen
production maximized at 0.08% volume due to low retention
time. The retention time also takes effect on carbon monoxide
and carbon dioxide production. The extent of retention time
contributes to carbon monoxide generation through Boudouard
reaction. Hence biomass feed rate at 0.16% of volume maximize
carbon monoxide production. While in the contrary, carbon
dioxide production decreased due to consumed during
Bouduoard reaction as represent in Figure 1. The experiment
conducted by Emiola-Sadiq et al [39] also find similar findings,
where high biomass feed rate increases the retention time,
which led to the decrease of hydrogen production. Furthermore,
the study also reported that too low biomass feed rate caused
excess fluidization which led to decreasing fluidized bed
efficiency. This finding met the agreement with the study
conducted by Gil et al [41] and Pinto et al [42]. With the result
reported in this paper, it’s proven that the adjustment between
biomass feed rate and air flow rate is essential to gasification
reactor performance.

Table 5 Influence of inlet air temperature and syngas yield

Air Yield (Mole Fraction)
Temperature

(K) co CO2 H: CHa
623 0.3166 0.1083 0.5291 0.0459
673 0.3181 0.1091 0.5220 0.0509
723 0.3192 0.1098 0.5151 0.0558
773 0.3202 0.1106 0.5086 0.0606
823 0.3211 0.1114 0.5023 0.0651

Table 3 represents the impact of different air flow rates
(dm3/min) on syngas yield. As depicted in the figure, hydrogen
production increases with higher air flow rates. Lower air flow
rates provide an opportunity for char and hydrogen to produce
methane as represented in Figure 1. Conversely, higher air flow
rates reduce the likelihood of hydrogen reacting with char, as
the increased momentum carries the hydrogen more swiftly to
the top of the reactor. Hence, maximum hydrogen production
can be approached at the operational condition of 12 L/min air
flow rate. In contrary with hydrogen production, other products
such carbon monoxide, carbon dioxide, and methane production
reach the maximum vyield at lower air flow rate. As mentioned
before, that low air flow rate provides the opportunity for the
species to react further. At air flow rate 8 L/min, the likelihood
of carbon monoxide oxidation and Boudouard reaction are
getting higher, thus leading to the higher yield of carbon
monoxide and carbon dioxide.

Table 4 represents the influence of biomass feed rate on the
yield of syngas. Biomass feed rate is relative to the amount of
gasification medium. A lower biomass feed rate relatively

Table 6 Influence of biomass humidity to the yield of syngas

Water Yield (Mole Fraction)
Content
(Wt%) co CO: H: CHa
13.5 0.34588  0.08948  0.51305 0.05160
16 0.33225 0.09987 0.51421 0.05367
18.5 0.31923 0.10983 0.51511 0.05583
21 0.30642 0.11966 0.51584 0.05808
235 0.29350 0.12959 0.51645 0.06047

The effect of air inlet temperature on syngas yield is
represented in Table 5. Hydrogen production decreases with
increasing air temperature, which can be observed that the
highest yield of hydrogen can be achieved with 623 K of air inlet
temperature. As shown in Table 2, water gas shift reaction is
reversible reaction, where the forward reaction is an exothermic
reaction [9], hence the peaked temperature due to heat of
reaction will promote the backward water gas shift reaction and
reducing hydrogen product as consequence. In contrary, higher
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temperatures from the inlet air promote methane formation,
since volatile production increased during pyrolysis at higher
temperature [37] [38]. The increase in volatile production at high
temperature also increase the likelihood of hydrogenation
reaction. As consequence, inlet air temperature 823 K
significantly maximizes methane production. In contrast, carbon
monoxide and carbon dioxide production just slightly increased
by the increase of temperature, even though both species yield
also maximized at air temperature 823 K.

Biomass humidity influences the water content in the
gasification process. As shown in Table 6, an increase in water
content escalates the production of hydrogen due to the water-
gas reaction and water-gas shift reaction. Hence, hydrogen
production can be maximized at 23.5% water content. As
presented in Figure 1, water immediately reacts after being
separated from the biomass by the drying process around the
biomass feed, thus led to the increase of hydrogen production.
Hydrogen reacts with char through the hydrogenation reaction,
which lead to the maximum yield of methane at 23.5% water
content. High water content provides the amount of water to
produce carbon dioxide through water gas shift reaction, which
explains the maximum carbon dioxide production at water
content 23.5%. In contrary, carbon monoxide consumed during
water gas shift reaction, which explain why the carbon monoxide
production maximized during water content 13.5%.

The effect of water content to syngas production in the
current study has similar result with study conducted by Ismail
et al [28] where the higher water content in coffee husk also
enhances the hydrogen, methane, and carbon dioxide
production. The study also found out that higher amount of
water causes the decrease of reactor performance, since large
amount of water content requires higher energy to the
evaporation process, which has the agreement with the study
conducted by Kaewluan & Pipatmanomai [14] and Pfeifer et al
[15]. The study [28] was performed in a fixed reactor
temperature to prevent the agglomeration due to high number
of potassium oxide in coffee husk ash [40]. In this study, the inlet
air act as the main heat source for the reactor instead of heat
exchanger coiled around the reactor wall. The heat that
continuously flows from the inlet will directly perform the
evaporation process and overcome the heat loss during this
process. Besides, heat generated by exothermic reaction can
provide heat that is required to perform the autothermal. The
temperature peak does not much affect the reactor
performance since low content of potassium oxide inside the
wood ash makes it insensitive to agglomeration [40]. Therefore,
the utilization of wood biomass can increase the acceptable
moisture content that can proceed within the fluidized bed
gasifier, although the level of humidity needs to be handled with
caution since the high number of humidity can decrease the
amount of heat required for the process [14].

4.0 CONCLUSION

In the present study a CFD based numerical approach was
utilized to model the gasification process inside fluidized bed
reactor. From the simulation it can be known that the most
significant rate of reaction occurs in the area around biomass
feed, with the highest magnitude of char oxidation reaction.
Distribution of temperature shows that the highest temperature
magnitude occurs around the area where char oxidation takes

place. CFD simulation is able to show the number of species that
consumed and produced during gasification process through
mole fraction distribution along the reactor.

Changes in operational parameters influence the vyield of
syngas produced. Changes in operational parameters influence
the yield of syngas produced. Hydrogen production can be
optimized at 12 L/min air flow rate, with 623 K air inlet
temperature, 0.08% biomass volume, and 23.5% water content.
Carbon dioxide yield optimized at 8 L/min air flow rate, 0.16%
biomass volume, and 13.5% water content, while the influence
of temperature doesn’t significantly affect carbon monoxide
production. Methane as the co-product can be intensified at 8
dm3/min air flow rate, 823 K air inlet temperature, 0.16%
biomass volume, and 23.5% water content. Carbon dioxide
production enhanced at operational condition 8 L/min air flow
rate, 0.16% biomass volume, and 13.5% water content.
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