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Abstract- This study aims to determine the effect of initial temperature (IT) on characteristics of coconut shell gasification in a
dual fluidized bed gasifier (DFBG) using air as a gasification agent with Computation Particle Fluid Dynamics (CPFD)
simulations. DFBG has two reactors that are linked by a loop-seal and an L-valve. The simulation used silica sand as a particle
and coconut shell as fuel, and it was performed with three different gasifier initial temperatures (IT) of 873 K, 973 K, and 1073
K. The results show that each component of the DFBG system can function as expected, with particles in the bed moving
smoothly. The DFBG system temperature rises as IT rises, but the gasifier operates at a temperature lower than its initial
temperature. The temperature at the loop-seal outlet is marginally greater than at the gasifier. The mole fraction of producer
gases follow the same pattern, with CO being the most abundant, followed by H,, CH4, and CO,. The CO composition rises in
tandem with the level of IT simulation. In contrast, the composition of Ha, CO,, and CH4 tends to grow steadily as the initial
temperature rises from 873 to 973 K and then declines as the initial temperature increases to 1073 K. Compared to the gas yields
from IT=873 K and IT=973 K, the IT=1073 K simulation had the largest gas yields.

Keywords Air dual fluidized bed gasifier, Coconut shell, CPFD, Initial temperature, Gas composition.

1. Introduction DFBG employs two reactors, one for gasification and one for

combustion. Both reactors operate in a fluidization regime and

Biomass is expected to be a viable replacement for fossil
fuels [1]. Through thermochemical, biochemical, or extraction
processes, it can be converted into heat, electricity, and fuel.
Gasification is a thermochemical process that uses a
gasification medium to convert solid fuels to gas [2]. Due to
its advantages in feedstock flexibility and variety of produced
gas applications, gasification has been developed as biomass
conversion technology [3]. Gasification reactors come in a
variety of configurations. One of these is the dual fluidized
bed gasifier (DFBG). DFBG is an allothermal gasification that
uses residual char of gasification as a heat supply. Figure 1
depicts a dual fluidized bed gasifier principle of operation. The

are linked by a non-mechanical valve mechanism. The
residual char and bed material flow into the combustion
reactor after being processed in the gasifier. The heat is
generated when the char reacts with the air, which heats the
material of the bed. The heated bed material is recycled and
utilized to provide the heat required by the gasification
process.

Researchers have been studying DFBG both by
experiments and simulations. In the experiments, there are two
stages of research, cold flow model [5] and the gasifier model
[6,7]. The cold flow model was conducted to determine the
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hydrodynamic characteristics of DFBG, whereas the gasifier
model focused on producer gas characteristics
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Fig. 1. Working principle and schematic of a dual
fluidized bed [4]

Although the experimental studies are able to show the
superiority of DFBG, it has limitations in investigating the
characteristics and phenomena that occur when DFBG works.
To understand the complexity of characteristics and
phenomena in DFBGs, some researchers conduct research
with modeling and simulation approaches. Currently, several
models of DFBG simulation have been proposed. The studies
were conducted with different models, including zero-
dimensional, one-dimensional, two-dimensional, and three-
dimensional. Models can be classified into three types based
on their reaction method: equilibrium models, non-
equilibrium models, and kinetic models. There are two types
of models based on the coupling between hydrodynamics and
chemical reactions namely hydrodynamics and chemical
reactions couple model, and a model that only takes into
account the reaction [8]. One of the models currently used for
DFBG simulation is Multiphase Particle-In-Cell (MP-PIC).
MP-PIC is a numerical model used for CFD-based gas-solid
flow with a modified Eulerian-Lagrangian approach [9,10].
Yan et al. created a solution using OpenFOAM based on MP-
PIC to simulate DFBG [11]. The simulation was able to depict
the movement of particles in DFBG, the separation of flue gas
and syngas, and the composition of syngas.

Kraft et al. [12] had performed cold flow simulation
models on the effect of drag models on pressure and
recirculating rates by using variation of drag laws model,
namely Ganser, energy-minimization multiscale (EMMS),
WenYu/Ergun, and Turton-Levenspiel models. The findings
were compared to those of previous experiments. There are
considerable discrepancies in simulation and actual results for
each of the four drag laws models; nevertheless, Ganser is
suitable for simulating recirculating rates, whereas EMMS is
suitable for simulating pressures. Liu et al. [13] conducted a
cold flow simulation model with CPFD to examine the effects
of riser air supply on the particle recirculation rate in DFBG.
There were three air supplies in the riser, where the first and
second in the bottom riser, while the third air supply is in the
middle, which is higher than the first and second air supplies.
According to the simulation, the effect of air velocity at the
bottom of the riser is greater than the effect of air velocity at
the middle. These findings are congruent with those obtained
experimentally by Loffler and Kreuzeder. Liu et al. [14]
performed DFBG three-dimensional simulations on the effect

of simulations parameters including mesh resolution, particle
computational number and particle size distribution (PSD) on
hydrodynamic  characteristics and DFBG  hiomass
performance. The simulation results showed that effects of
mesh resolution and computational particles on the syngas
composition are insignificant. The gas compositions were
validated with the experimental results and revealed the same
tendency. PSD has a significant effect on a hydrodynamic
characteristic at the bottom, but at the top it has no effect. Kraft
et al. [15] conducted industrial-scale DFBG simulations of the
CHP plant at Giissing aimed at validating the experimental
results. The results indicate that the system's temperature and
composition of gas are consistent with those obtained
experimentally. Additionally, the simulation provided a
quantitative explanation for the fluidization regimes observed
in the gasifier, burner, loop-seal, and chute.

Simulations on the DFBG using CPFD have been
conducted on the DFBG cold flow model to predict the
hydrodynamic and the product gas characteristics. However,
all the simulations used steam as a gasification agent.
Gasification agents have a significant impact on the properties
of the gases produced [16]. There are numerous varieties of
fluidized bed gasifier reactors depending on the gasification
medium used, including air, steam, oxygen, air-stream, and
oxygen-steam reactors. Although the gas produced has a lower
heating value, air gasification is cheaper in cost and easier
preparation in comparison with the other mediums. Besides
the medium factor, the operating parameters also affect the
produced gas characteristics. One of them is temperature [17,
18,19]. The operating temperature in the air gasification is a
dependent variable that is determined by other operating
factors including factors related to preheating or initial
conditions. In this paper, the CPFD simulation was used to
predict the influence of initial temperature on the
hydrodynamic properties and gas produced in a coconut shell
DFBG using air as a gasification agent.

2. Methods
2.1. Simulation Setup

The simulation model used in this paper is based on the
dual fluidized bed gasifier plant, which is located in The
Energy Conversion Laboratory, Gadjah Mada University,
Indonesia.

2.2. Computational Geometry

Figure 2 illustrates the geometry of the model. It is
comprised of a 200-mm-diameter, 2000-mm-high bubbling
fluidized bed gasifier, a 114 mm diameter and 3000 mm height
riser as the combustor. The gasifier and the riser are connected
by a cyclone, a loop-seal, and an L-valve. A biomass feeder is
situated near the centre of the gasifier to supply biomass. The
gasifier, L-valve, and loop-seal are initially filled with 2650
kg/m? density silica sands as bed material. The diameter of bed
material particles ranges from 180 to 600 um. The material
bed in the gasifier has a height of 0.30 m. The bottom of the
gasifier and the bottom of the riser are injected with air.
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Additionally, air is injected from the bottom of the loop-seal
and the side of the L-valve to avoid material bed build-up.
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riser L-valve

Fig. 2. Computational geometry.
2.3. Governing Equations

Simulations have been carried out with Barracuda Virtual
Reactor 17.10. It employs MP-PIC model that incorporates
heat transfer, chemical processes, and multiphase flow
calculations.

The gas-phase continuity equation is expressed as follows
[10,14,20,21]:

a(“gpg)

pn +V- (agpgug) =dém, 1)

where og represents the gas volume fraction; pg represents the
density of gas; ug denotes the gas velocity vector; and mp
denotes gas production rate per unit volume.

dla,p
(%"' V- (agpgug) =
—Vp+F+ap,9+V-1g )

Table 1. Coconut shell properties

Equation 2 shows the gas momentum equation where p
denotes the mean flow gas thermodynamic pressure, F denotes
the rate of momentum exchange per unit volume between the
gas and solid phases, g denotes the gravitational acceleration,
and 74 denotes the gas stress tensor stated in equations 3. In
equation 3, pam denotes the laminar shear viscosity, 6ij
represents Kronecker delta function, p represents turbulent
viscosity calculated using the Smagorinsky model within the
Large Eddy Simulation framework.

ouy; Ougy;
_ gi , Uy,
Tgij = (tiam + He) (6_x] + 6_xl> -
2,5, 2k
3 5] axk (3)

The following are the definite species transport and
energy governing equations for the gas phase:

dlayp,Y;

% +V- (“gpgugyi) =
V(agpgDeVYi) + 6Myeqct (4)
a(“gng)

e TV (agpgugE) =

dp
ag 5= + aguy - Vp — V(ayq) +

D+ Sinter + Q + qdiff (5)

In the species transports equation (4), Yi represents the
gas species mass fraction, dMreact represents the net production
rate of the species caused by the chemical reaction. Dt is the
turbulent mass diffusivity stated by eq. 6. In equation 6, Sc
denotes the turbulent Schmidt number, which has been set to
0.9.

u

Dy = pySe (6)

Proximate analysis (wt %, dry and ash-free basis)

Fixed Carbon

Volatile matter basis

Ultimate analysis (wt %, dry and ash-free basis)
S

Cc

H

0]

Diameter (m)

Rate of coconut shell (kg/s)

0.192
0.808

0.42

52.67

57.75

41.16

0.002 - 0.004
0.00776
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In the equation 5, E represents the fluid enthalpy; @ represents
the viscous dissipation; Siner represents the exchange of heat
between the gaseous and particle phases; qaitr represents the
enthalpy diffusion; and Q represents a source of heat
generated by chemical processes. q represents the heat flux of
fluid expressed in terms of

q= _(Amol + Aeddy)VTg (7

where Amoi denotes molecular conductivity and A denotes
eddy-conductivity due to Reynold’s stress. The relationship
between turbulent Prandtl and eddy conductivity is stated in
eq 8.

Cplt
Aeddy = If_rt ®)

Pr; represents the Prandtl number as a constant of 0.9. The
enthalpy diffusion () can be described as

Qaiff = Z?,:Sl V- (aypyEiDVY;) 9)

In MP-PIC, the particle phase equation is stated by the particle
distribution function (PDF) which contains information on the
particle's position (x), velocity (v), mass (m), and temperature
(T), as indicated in equation 10 below.

of L OUM) L 3UA) _ fooy

at ax v Tp (10)

where A represents the particle acceleration, fp denotes the
PDF for the local mass averaged particle velocity and tp
represents the time of collision damping.

_dup Vp
=7 Dy (g — ) .
vVt Up—u
14 b _"p (11)
PpQp 2Tp

where u, is the local mass-averaged particle velocity, ap is

particle volume fraction which is denoted in equation 12, 7p is
the particle contact normal stress stated in equation 13.

a, = [ff f’:—:dmpdupdTp (12)

10Psa5

max|(acp—ap).e(1-ap)]

T, = (13)

The following expressions can be used to calculate the rate of
momentum exchange per unit volume between the gas and
solid phases F in eq.3, the rate of gas production per unit
volume in eq.1, and the conservative energy transferred from
the particle phase to the gas phase in eq.5, through the
following expressions:

F= ffff{mp [Dp(ug = up) .

Pp
Uy, %} dmy,du,dT, (14)

81, = — fJf £ = dmy,du,,dT, (15)
Sinter = ffff{mp [Dp(up - uf)z - CVCZlitp B

d 2

2 [E, + 2 (wp —up)*|} dmpdu,d, (16)

Where f denotes the particle volume fraction, mp denotes the
mass of particle Dp denotes interphase momentum transfer
coefficient, p denotes the mean flow gas thermodynamic
pressure, Ep denotes the enthalpy of particle, and Cv denotes
specific heat of particle.

The Wen-Yu correlation is used as drag model to evaluate the
interphase momentum transfer coefficient D, and can be
formulated as

3 pg—u—u
=ZC |g p|

Dy =7 oo (17)
20@265 Re < 0.5
24 _265 0.687

C, = = % (1+ 0.15Re ), (18)

0,5 < Re <1000
0.44a§'65 Re > 1000

Where Cd denotes drag coefficient, Re denotes Reynold
number, ag denotes gas volume fraction [22].

The following equations express the energy equation for a
particle,

dTp _ 1 kgNu
dt myp dp

Ay(T, = Tp) (19)

where Cy represents the particle’s specific heat, T, represents
the particle temperature, Nu represents the Nusselt number for
heat transfer in the fluid to the particle, and kq represents the
gas thermal conductivity.

2.4. Reaction Kinetics Model

As explained in the DFBG working principles, the DFBG
has two reactions: gasification happens in the gasifier, and
combustion occurs in the riser. After entering gasifier, the
biomass will undergo drying, pyrolysis, and heterogeneous
and homogeneous processes. During the drying, moisture will
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be released, followed by devolatilization of biomass in the
pyrolysis process. Pyrolysis produces char and volatile gases
such as CO,, CO, CH4, and H.. After that, the char reacts with
air flowing from the distributor modelled as a heterogeneous
reaction. The char also reacts with pyrolysis gas [23]. Along
with the sand, the residual char flows into the riser. It reacts
with the air flowing from the riser distributor and produces
heat. The hot sand flows to the gasifier reactor. In this present
work, the drying process is supposed to begin immediately at
the reactor's inlet. The pyrolysis is modelled by releasing CHa,
CO, CO,, H; and their mass fraction is calculated based on the
coconut shell composition [24]. Detailed mass fraction of gas
pyrolysis from calculation are 0.127, 0.596, 0.245, and 0.032
for CH4, CO, COy, Hy, respectively.

Detailed chemical reactions of pyrolysis and gasification
processes are shown as follow.

Biomass - char + Volatile gas + ash (R1)
C +0.50;, — CO (R2)
C + H20 & CO + Hy (R3)
C +CO; < 2CO (R4)
C+2H2 & CHy (R5)
CO + H,0 — CO; + Hs (R6)

The following equations are used to determine reaction
rates. [25,26 ,27]

r; = 0.05 X T exp (@) [Biomass] (20)
r, = 434 x 107a,T, exp (‘f”") [0,] 1)
p
ryp = 6.36m.T, exp (Z222) [H,0] (22)
Ty = 6.36m,T,, exp (_2;645) [CO,] (23)
14
—4 2 —-2363 2
Tor = 5.218 X 10™m, T3 exp (= = 20.92) [CO)*  (24)
_ _3 -8078
Tsp = 6.838 X 107°m,T, exp ™ 7.078 | [H,] (25)

rsy = 0.755m T2 exp (%:’78 —) [CH,%  (26)

-366409

Ter = 7.68 x 101° exp( -

)[C01°%[H,0]  (27)

—39260

Ter = 6.4 x 10°% exp (T) [H,]°°[C0,] (28)
2.5. Initial and Boundary Condition Model
The initial condition of simulation is set by assuming that

the sand is filled to the gasifier, the L-valve and the loop-seal.
The gasifier is filled with sand with the height of 0.30 m

whereas the L-valve and the loop-seal chamber are fully filled
by sand. The initial temperature of sand in the L-valve and the
loop-seal is set to 300 K. In the gasifier, the initial temperature
of sand varies by 873, 973, and 1073 K.

At velocities of 0.25 m/s and 1.57 m/s, air with a
temperature of 300 K is flowed from the bottom of both the
gasifier and the side of the L-valve. Additionally, air is
supplied at velocities of 0.3096 m/s and 0.08988 m/s from the
bottom of the loop-seal. Air with a temperature of 1173 K
flows into the riser's bottom at a velocity of 20 m/s.

3. Results and Discussion
3.1. Effect of Initial Temperature on Particle Circulation

Figure 3 illustrates the influence of gasification's initial
temperature on DFBG particle circulation. As can be
observed, there is no discernible difference at the start of the
simulation. The particle in the gasifier is expanded and
fluidized in the bubbling phase by the air. Although the
simulation employed particles ranging in size from 200 to 600
um and a density of 2650 kg/m?, which falls within Geldart's
Group B, bed expansion happens similarly to that of Group A.
It is caused by the temperature in the bed which is more than
ambient temperature. Yang [28] revealed that there is a
possibility of shifting the line of Geldart's Chart demarcation
when the temperature of the bed is raised above the ambient
temperature. The particles in the loop-seal are fluidized in
bubbling mode and flowed into the gasifier. At the same time,
the particles in the L-valve start to flow to the riser. It can be
seen L-valve operate in fixed bed mode along the simulation.
Due to high air velocity, the riser is in the dilute phase, and the
particles are transported into the cyclone. At t= 120 seconds,
the difference begins to appear. Simulation with IT = 1073 K
results in the accumulated particles in the splash zone more
than others. It reaches a height above the loop-seal outlet and
causes increasing pressure. As a result, the particle circulation
rate from the loop-seal to the gasifier decreases and becomes
unbalanced with the particles entering the loop-seal resulting
in a build-up of particles in the standpipe.

3.2. Effect of Initial Temperature on System Temperature

Figure 4 illustrates the system's transient temperature
characteristics. Data is taken from the transient data points
located on the gasifier, riser, and loop-seal. Three transient
data points are located at the gasifier and riser bottom center,
middle center, and top center, respectively. Additionally, the
transient data points are located in the center of the inlet and
outlet of the loop-seal. In the beginning, the fluid temperature
in the gasifier and riser drops. The temperature drop that
occurred in the gasifier is caused by the flow of lower-
temperature air, and the process of coconut shell pyrolysis.
Gasifier fluid temperature reaches quasi-steady about 650 K,
725 K, and 800 K for IT =873 K, IT=973 K, and IT=1073 K,
respectively.
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Fig. 3. Effect of initial temperature on particle circulation (a) IT =873 K (b) IT =973 K (c) IT =1073 K.

Additionally, Figure 4 illustrates riser fluid temperature
drops initially and grows up until it reaches a quasi-steady
temperature. In the early seconds, the temperature of the
bottom riser resulted by IT = 1073 K is the smallest value
compared to IT =873 Kand IT =973 K. Following then, the
temperature in the bottom of the riser increased and remained
relatively constant at around 900 K for IT =1073 K, 870 K for
IT =973 K, and 800 K for IT = 873 K. In a quasi-steady
condition, the bottom riser has the highest temperature.
Temperature decreases gradually in the middle riser and the
top riser, wherein at this point the temperature is about 840 K
for IT = 1073 K, 800 K for IT =973 K, and 720 K for IT =
873 K. The heat from the high-temperature air entering the

riser is absorbed by the particles flowing in the riser. The drop
is caused by heat loss to particle. The more particles flow, the
higher temperature decrease. The initial loop-seal temperature
appears to be rising due to the circulation of particles from the
gasifier and riser. Temperature of loop-seal outlet is slightly
greater than that of the gasifier.

The initial temperature represents the step-up temperature
of thermal devices such as gasifiers and combustion. The star-
up temperature is an important stage of the transient analysis
of the initial operation of a thermal device. In the star-up
combustion reactor, it is correlated with the ignition
temperature of the fuel. The ignition temperature value of coal
in a fluidized bed boiler is affected by a number of parameters,
including the size of the fuel and its volatile content [29]. In
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DFBG using an air gasification medium, the initial energy in
the gasifier is used to heat the biomass entering the gasifier,
hence increasing the temperature of the air entering the riser
and the particles and air entering the loop-seal prior to the
exothermic reaction occurring. Additionally, heating is
obtained from the 1173 K air temperature that enters the riser.
When conditions become quasi-steady, energy to maintain the
temperature in the bed is derived from the gasifier's
exothermic process and heat supplied by the riser. As a result
of the study's findings, it is known that initial temperature has
an effect on the system temperature, with the system
temperature in the gasifier and riser increasing as IT increases.
This increase is owing to the fact that with a higher IT, the
initial gasification reaction can occur faster and at a higher
temperature, resulting in a more exothermic process that
produces more energy. As a result, the simulation with a larger
IT generates a higher temperature under the quasi-study
conditions.

3.3. Initial Temperature Effect on Characteristics of
Produced Gas

Gasification is a series process of chemical reactions
consisting of drying, pyrolysis, char gasification and
combustion (if the medium is air or oxygen). Figure 5 shows
the contours of the produced gases concentration of 1T=1037
K in the gasifier at t = 120 s. As is obvious, gases
concentration varies along with axial and radial positions. The
distribution patterns of gaseous products have the same
tendency where the largest concentration is in the area close
to the biomass input. It indicated that gasification initially
occurs on the bed material when the biomass meets heated
sand and oxygen. The concentration of gaseous products
decreases in the area above the biomass input. It is produced
by N2 and O, containing air escaping through the loop seal.
The patterns of CO, Hz, and CH4 concentrations are the same
throughout the reactor's height, except at the loop-seal exit,
when the concentrations dip and then increase again,
remaining relatively constant until the gasifier's top region.
This pattern opposites with No. Thus, it can be assumed that
the change of concentration of CO, H,, and CHjy are affected
by the N2 concentration. CO concentrations show a different
tendency, where CO concentration appear to decrease near
loop-seal outlet and rise significantly in the top of the gasifier
area. It converses with the O, pattern that showing the
minimum concentration on the top of gasifier. It indicates that
in the upper of gasification, the forming of CO is more
massive than the others. CHa, CO, and CO; are also observed
in the near of L-valve. Together with sand, gases will flow to
the riser. It causes gas leakage from gasifier to riser cannot be
avoided.

The composition of the gas at the gasifier's top is shown
in Fig. 6. The data is average data taken within period of 100-
120 s. Overall the highest gas composition in each variation is
CO, followed by H;, CHs and CO,. These findings are
consistent with Timsina's simulations [30], which was
validated by the experimental data. Simulation with IT = 873
K produces gas with mole composition of CO, H,, CH4, CO>
is 0.1918, 0.1214, 0.0605, and 0.0427, respectively.
Compared to the gas composition of 1T=873 K, the
composition of CHa, CO,, and H, produced by IT = 973 K

increased by approximately 7%, while the composition of CO
increased by 19% to 0.2375. The CH4, CO, and H;
composition of gas produce resulted at IT = 1073 K decreased
by about 9% when compared with the gas composition IT =
973 K. On the contrary, the composition of CO increased by
16% to 0.2842. As stated by Scala and Solimene [31], each
stage in the gasification process requires a specific time range.
Biomass devolatilization takes between 10-100 s. It varies
according to the kind and quantity of fuel used, as well as the
bed size and temperature.
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(a)

1000 — -1

A
VAN ‘!-’*‘\,-YA'/\-\vﬁd’\«‘/‘./\"“w*’\\_;v’«‘

8
S
T

2
S

Temperature (K)

= Av Bottom Gasifier
400 = Av Middle Gasifier | _|
Av Top Gasifier
— Av Bottom Riser
Av Middle Riser
200 - Av Top Riser .
AV Inlet Loop-Seal
— Av Outlet Loop-Seal
( n 1 " 1 n 1 " 1 " 1 g 1 n 1
0 20 40 60 80 100 120 140
Time (s)
1200 T T T T T T
1000 — -1
A A A
RV a8 . n
800 A e . ~ -‘\M‘\/.\-;‘ﬂ'%
— e ——————
]
600 -
Z
£
& ! — Av Bottom Gasifier
400 = Av Middle Gasifier |
Av Top Gasifw
—— Av Bottom Riser
Av Middle Riser
200 Av Top Riser —
Av Inlet Loop-Seal
—— Av Outlet Loop-Seal | 7
OR—1 L " 1 L L L 1 n 1 n 1 n 1
(1] 20 40 60 8O 100 120 140

Time (s)

Lo

(c)
ol M\,‘-.M\,f\ ,‘\.\J/\_/‘v-l"\r/\_"d\.\f\ .

1000

800

Av Boutom Gasifier

ser
Av Middle Riser
200 Av Top Riser -
Av inlet Loop-Seal

Av outlet Loop-Seal

o " | L | . | L | . 1 L I ! I
[¢ 20 40 60 80 100 120 140
Time (s)

Fig. 4. Transient data characteristics of fluid average
temperature in the system (a) IT=873 K, (b) IT=973 K, (c)
IT=1073 K

The composition of the gas seems to be comparable to that
of the gases produced during Muvhiiwa's pyrolysis
experiments [32], where the composition of CO and H; is
more dominant compared to the composition of CO, and CHa.
It is predicted that the devolatilization process influences the
gas composition. Significant increase in CO composition

404



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

N. Aklis et al., Vol.12, No.1, March, 2022

indicated occurrence of carbon reactions in coconut shell with
O3, which results in CO. It is refer to (R2) reaction.
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As seen in fig. 4, initial temperature affects the gasifier
operating temperature where the higher the initial temperature
the higher the quasi-steady temperature of the system. The
gasification temperature of IT = 1073 K is higher than 1T=973
K and 1T=873 K. The reaction is dominated by the reaction
between C and Oz (R2). By comparison, the rate of reaction
between C and O, (R2) is faster than the rate of reaction
between C and H2O (R3) and the rate of reaction between C
and CO; (R4) [33]. The reaction rate (R2) increases with
temperature so that when IT rises, the CO composition rises.
The reaction between C and CO; (R4) and the reaction
between C and H,O (R3) require a high temperature, therefore
at the low temperature, the reaction runs slowly. As a result,
the rise in CO when IT increases in this study is still caused
by an increase in the (R2) reaction rate.

The temperature in the gasification is an essential factor
affecting the mole fraction of product gas [34]. The influence
350f bed and freeboard temperatures on the fluidized bed

gasifier operation shows different tendencies. The bed
temperature has an effect on the composition of the product
gas, whereas the freeboard temperature (between 500 and
600°C) has no effect on the gas composition. Both H:
composition and CO composition rises as the bed temperature
(between 700 and 850°C) rises. Conversely, the composition
of CO-, decreases and the composition of CH,4 tends to remain.
In this study composition CO increases consistently in all of
initial temperature simulation, but the composition of other
species rises from IT =873 K to IT =973 K and then decrease
in IT=1073 K.

Table 2. Lower heating value of produced gas

IT (K) LHV (MJ/Nm?)
873 5.902
973 6.746
1073 6.985

Table 2 illustrates the lower heating value (LHV) of the
gas. The LHV is calculated by multiplying the mole fraction
by the calorific value of each gas ch4 It can be seen that LHV
of produced gas increases when IT increases. The gas
produced with IT of 1073 K has the highest LHV of 6.985 MJ
/ Nmé,

Figure 7 shows the CH4, CO, Hy, and CO; gas yields.
Yield is the ratio of the mass of gas species to the mass of the
feed biomass. Overall, with an increase in IT, the yields of
CHa, CO, Hy, and CO, will increase. For IT =873 K, 1T=973
K, and IT=1073 K, the total gas yield (in percent off biomass)
generated by the simulation is 34.2 %, 56.3%, and 77.7 %,
respectively. The temperature of the quasi-steady gasifier was
650 K, 725 K, and 800 K for IT = 873 K, IT=973 K, and
IT=1073 K, respectively, due to the increase in IT. The
conversion rate increases as the temperature of the gasifier
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rises. In all cases, Figure 7 shows that the CO yield is the
highest. For IT of 873 K, 973 K, and 1073 K, respectively, the
CO vyield is 0.218 kg gas/kg biomass, 0.376 kg gas/kg
biomass, and 0.550 kg gas/kg biomass. The high CO vyield is
due to low-temperature gasification (below 873 K), which was
dominated by the C reaction with O, which produces CO (R2).
At temperatures below 1073 K, increasing the gasification
temperature increases the yield of CO and Ha, but as the
temperature rises, the yield of CO decreases while the yields
of CO;and H; rise [35].
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Fig. 7. Effect of IT on Gas yield.
4, Conclusion

The initial temperature of the gasifier as an initial energy
supplier of the gasification process affects the temperature of
the system, where in along with the simulation, the operating
temperature is lower than the initial temperature. External
energy supply such as high-temperature air flowing into the
riser and char residual combustion can maintain the
temperature of the fluid and the particles re-entering the
gasifier. The temperature is slightly greater than the gasifier's
temperature.

The mole fraction of produced gas resulted from the
simulation with three IT variation shows the same
composition where the highest is CO, followed by Hz, CH4
and CO,. CO composition increases along with the increase in
IT simulation. In comparison, the proportion of Hz, CO,, and
CHy increases linearly from 873 to 973 K and drops until IT =
1073 K. However, when compared to LHV gases at IT = 873
Kand IT = 973 K, IT = 1073 K has the greatest LHV. This
occurred as well for CO, Hj, CH4 and CO- gas yields. This
also occurred in the case of CO, Hz, and CH4 gas yields.

The future work of the biomass gasification simulation
research will be to model tar formation and overcome it to
improve syngas quality.
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