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Abstract: A fixed bed downdraft gasifier model based on computational fluid dynamic (CFD) framework was
developed to investigate the influence of feedstock (palm kernel shell [PKS] and coal) on the quality of syngas
produced via the gasification process. Euler—Euler approach was utilized in this study to describe the gas and solid
phases. Realizable k-¢ turbulence model was used to evaluate the constitutive properties of the dispersed phase and
the gas phase behavior. This simulation model was validated by comparing the syngas composition of gasification
simulation of coal with previous research, which yielded the overall accuracy result of 83.2%. This study also
highlighted that PKS gasification produced 53.74% and 90.51% higher composition of H2 and CO respectively as
compared to coal gasification. Whereas coal gasification produced 81.35%, 71.31% and 52.29% higher composition
of CH4, H20 and CO; respectively as compared to PKS gasification. Hence, PKS produced 66.2% higher combustible
gas of Hz and CO than coal. PKS is thus considered as a potential renewable feedstock for gasification process as an
alternative to the non-renewable coal. In addition, PKS gasification produced 52.29% lesser composition of CO; as
compared to coal gasification.

Keywords: Gasification, downdraft gasifier, Palm Kernel Shell (PKS), coal, Computational Fluid Dynamic (CFD),
syngas composition

1. Introduction

Fuel and power generation technologies are commonly designed to use coal as energy source. Coal is a reliable
power source that offers predictability. However, as a fossil fuel, coal is not a renewable energy and possesses a finite
supply. Coal is also harmful for the environment compared to other forms of energy and power production that humans
use today. Coal also contains the most carbon dioxide for every BTU that is produced. According to the Energy
Information Administration (EIA), coal with a carbon content of 78% and a heating value of 14,000 BTU would produce
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about 92.68 kilograms of CO; per 1 million BTU when completely combusted [1]. Hence, an alternative fuel is required
to substitute coal as a primary source of energy.

Palm oil is an essential product that has improved the scenario of agriculture and economy in Malaysia. Palm kernel
shell (PKS), one of the waste products from the palm oil industry, is one of the potential renewable energies. PKS is a
solid material with a high carbon content that is currently used as a boiler fuel; however, its combustion efficiency is
minimal. PKS can be converted into syngas, a useful form of energy, by using gasification technology [2]. Gasification
is a thermochemical process that transforms carbonaceous materials such as biomass into usable fuels or chemicals [3].
The generated syngas can be directly utilized for heating or power generation or as a raw material for chemical feedstock
production. Using syngas as a fuel for gas turbines is a common practice and globally well recognized [4].

Computational Fluid Dynamics (CFD) modelling has previously been implemented to analyse the characteristic of
biomass gasification as to increase the operational conditions performance of an existing gasifier. CFD is gradually
favoured as the primary research technique on biomass gasification due to the high costs of experimental operations and
cost-effective options for discovering the various arrangements and operating conditions of gasification reactor at any
scale. Analysis of biomass gasification using downdraft method has recently been conducted using CFD simulation
approach via multiphase model [7, 8]. The flow regime can be used to govern a suitable multiphase model for the
multiphase system. The volume of fluid (VOF) model is utilized for slug and stratified/free surface flows. Slurry flow,
hydro transport, bubble, droplet, and particle-laden flows, on the other hand, employ either the mixture model or the
Euler model when the phase mix and/or dispersed phase volume fractions exceed 10%. Euler model is used for general
and complex multiphase flows that comprise multiple flow regimes, flow aspect and appropriate model selection. The
Euler model is the one of the most complex multiphase models in ANSYS Fluent. For each phase, it solves a set of
momentum and continuity equations. The pressure and interphase exchange coefficients are used to achieve those
coupling set. The way this coupling is handled is determined by the sort of phases involved. Granular (fluid—solid) flows
are handled differently than non-regular (fluid—fluid) flows. The properties of granular flows are determined by the use
of kinetic theory. The type of mixture being represented is also depend on the amount of momentum exchange between
the phases. The equation and employment of the Euler model in the present study are further explained in the methodology
section.

Two approaches are widely used for the numerical calculation of multiphase flows: Euler—Lagrange approach and
Euler—Euler approach. The present study focused on Euler—Euler approach as done in the previous research by Gonzalez
and Pérez, Kumar and Paul, and Guo et al. [7-9]. The different phases in the Euler—Euler technique are mathematically
handled as interpenetrating continua. The concept of the volume fraction is presented since the volume of a phase cannot
be occupied by the other phases. The sum of these volume fractions is one, and they are considered to be a continuous
function of space and time. In order to obtain a set of equations with a similar structure for all phases, conservation
equations for each phase are derived. These equations are solved by delivering constitutive relations derived from
empirical data or, in the case of granular flows, by using kinetic theory. [10]. Thus, the model is fit to model flow in a
pipe and in an enclosed body where the difference in pressure is small. The present study did not utilize Euler—Lagrange
approach because the fluid phase is treated as a continuum by solving the time-averaged Navier—Stokes equations, while
the dispersed phase is solved by tracking a large number of particles, bubbles, or droplets through the calculated flow
field [11]. The momentum, mass, and energy are interchangeable between the dispersed phase and the fluid phase. The
particle or droplet trajectories are computed individually at specific intervals for the fluid phase calculation. Therefore,
the model is appropriate to model the process of spray dryers, coal and liquid fuel combustion, and some particle-laden
flows, but inappropriate to model liquid—liquid mixtures [11].

The performance of biomass gasification using downdraft method via CFD simulation analysis and Euler—Euler
approach has been previously investigated in a few studies. Fortunato et al. [12] used Euler—Euler approach to model the
downdraft gasification of saw dust. The results show that the model is able to assess, with a fairly good agreement, both
the composition and the heating value of the syngas with experimental results. Ostermeier et al. [13] used Euler—Lagrange
approach to model the gasification of wood pellets in a downdraft gasifier. The result shows that the model is capable to
predict the gas composition and temperature distribution in the gasification process. Kumar and Paul [8] also used Euler—
Lagrange approach for rubber wood gasification, and the results also show a good agreement with experimental results.
Gonzélez and Pérez [7] used Euler—Euler model to characterize the downdraft gasification of leaf pellets. The study
reported that the convective heat transfer from gas to solid phase was increased as the airflow increased.

The implementation of renewable energy from biomass for gasification process pose significant challenge towards
the usage as an alternative fuel for coal which is non-renewable as to meet the performance requirement in producing
high syngas quality. Hence, it is essential to analyse the reaction mechanism behaviour between zones in the gasifier for
both coal and biomass feedstock as to examine the capability in producing higher combustible gaseous in syngas. Based
on previous studies, computational simulation analysis of gasification using oil palm-based waste is rarely investigated.
Hence, fundamental understanding on the performance of gasification using palm waste has not been thoroughly
discussed. This present study aims to compare and analyze the downdraft gasification characteristics between coal and
palm kernel shell (PKS) biomass using CFD simulation. The effect of those feedstocks on the production of reactive
element in syngas was evaluated based on the critical analysis of reaction during gasification process.
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2. Material and Method

2.1 Transport Equation for Standard K-E

The realizable k-¢ model was adapted from Gonzalez and Pérez (2019) and employed in the present study to simulate
the turbulent flow as in Equation 1 and Equation 2. The turbulence model considerations were depending on the physics
encompassed in the flow, the known practice for a certain type of issue, the level of precision necessary, the available
computer resources, and the length of time available for the simulation. The present study was using the turbulence model
from Gonzalez and Pérez base on the justification of the similar operational gasification reactor and feedstock from
biomass which relatively demonstrate an identified flow concept of physics. In addition, some initial studies showed that
the realizable model offers higher performance of all the k- model versions for several validations of separated flows
and flows with complex secondary flow features including flows that involving rotation, boundary layers under strong
adverse pressure gradients, separation, and recirculation. L.C.B.S. Reis et. al. numerically modeling the turbulent heating
reaction in the reactor and reported that Realizable k-& models which account for the effects of swirl have greater potential
to predict more accurate predictions for swirling flows [14].

For turbulence kinetic energy (k):
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where the turbulent viscosity is modelled as
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where S is the modulus of the mean rate-of-strain tensor, defined as

uy 0T (4)
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where Pr is the turbulent Prandtl number for energy and g; is the component of the gravitational vector in the y-axis
direction. For realizable k-& models, the default value of Prt is 0.85. The coefficient of thermal expansion, S, is defined
as

)

The model constants Cic, Cz, Csc, ok C,, and o. were established to ensure that the model performs well in this
simulation. The model constants are as stated:

Cic=1.44,Cy =192, C3=-0.33,0¢=1.0,C,=0.09, 6. =1.3 (6)
The realizable k-¢ model was adapted because it is fit to model free-shear layer flows with relatively small pressure
gradients. Realizable k-¢ turbulence model was used because it performs great with confined flow, straight boundary

layers, and straight flow. ANSYS employs realizable k-¢ turbulence model to validate turbulence model during the
gasification process. The realizable k-¢ turbulence model also improves the prediction over mean flow for complex
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structure. ANSY'S Fluent defines modeled transport equations for kinetic energy (k) and rate of dissipation (g) as in
Equation 7 and Equation 8, respectively.

4 ( +Ht)ak +G +G,— Yy +S
0x; # o/ 0x; k b M k (M
0 [( +”t)6k]+ C,S. — pC e’ +C,Gy+S (8)
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Sij = velocity of material
ij = no. of material

The model constants Cig, Ca, ok, and o, Were established to ensure that the model performs well for certain canonical
flows. The model constants are as follows:

Cie=1.44,Co=19, 01, = 1.0, 56, = 1.2 (10)

2.2 Euler Model

The present study implemented the Euler multiphase model to solve a set of n momentum and continuity equations
for each phase. Through the pressure and interphase exchange coefficients, the coupling is achieved. The equations for
Euler multiphase flow model, as solved by ANSY'S Fluent, are presented in Equation 11:

n

1

a . .
oo a(“qpq) +V (“qpq v ) = Z(mm — 1igp) (11)
rq q =1

where p,, is the phase reference density or the volume-averaged density of the g™ phase in the solution domain. The
solution of this equation for each secondary phase is sum up along with the condition of the volume fractions. This allows
for the calculation of the primary phase volume fraction of the species [9].

2.3 Grid Setup

The 3D gasifier model was constructed and meshed in ANSYS Mesh, a commercial meshing software. As this study
mainly focused on the simulation flow in the fluid domain of the gasifier, the geometry was meshed for the fluid domain
of the gasifier and the solid domain was suppressed in ANSYS Space Claim. The gasifier had a diameter of 2.68 m and
it was meshed in predominantly tetrahedron cell shapes, as shown in Fig. 1. Tetrahedron mesh that yields better and more
accurate results can appropriately fit complex geometry. In addition, the computational cost for tetrahedral elements is
lower because there is no unnecessary numerical integration [18].

The present study used proximity and curvature as the size function for the meshing process. The maximum face
size was set to 0.146 m and the maximum tetrahedron size was set to 0.29118 m. This study also used inflation on the
model with the transition ratio set to 0.272 and a growth rate of 1.2. After the mesh had been generated, the model
contained 58439 nodes and 165626 elements with a skewness of 0.783. One of the primary quality measurements for a
mesh is skewness. A skewness value of 0 indicates an equilateral cell (best) and a value of 1 indicates a completely
degenerate cell (worst). Highly skewed faces and cells below the skewness of 0.7 are unacceptable because the equations
being solved assume that the cells are relatively equilateral or equiangular [19].

2.4 Grid Setup

The Four major steps were performed in this study: geometry development, geometry mesh, Fluent simulation setup,
and data extraction. The first step of the simulation process was to model the fixed bed downdraft gasifier using
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Solidworks software package as illustrated in Fig. 2. The design parameters of the simulation to model the gasification
process were adapted from the previous research conducted by Liu et al. which also using Euler-Euler multiphase model
[15]. The geometry design of the reactor which critically focused on the oxidation zone design or throated area were
adapted from the Handbook of Biomass Downdraft Gasifier Engine System [20].

7.000 (m)

5250

Fig. 1 - The generated mesh model and its cross-sectional view
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Fig. 2 - Fixed bed downdraft gasifier 3D model

Table 1 - Biomass parameters

Type of biomass
. Parameter
Type of analysis Coal (wt %) PKS (wt %)
Reference [12] [14]
Nitrogen 1.00 3.57
. Carbon 85.00 44.29
Ultimate
Hydrogen 10.00 9.01
Oxygen 4.00 43.13
Ash 10.00 11.75
. Volatile Matter 50.00 62.82
Proximate .
Fixed Carbon 30.00 19.10
Moisture Content  10.00 6.33
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The model was defined as a poly solid in ANSYS workbench. The model was meshed using ANSY'S Mesh with the
forms of tetrahedron cells prior to the model simulation conditional setup process in the ANSYS Fluent environment.
The gravitational force was set to act on the y-axis at 9.81 m/s2. The solver preferences were then established in Fluent.
k-¢ turbulence model was established with possible near-wall treatment. The species model was set to non-premix
combustion, and the fuel for the gasification was defined by using the proximate and ultimate analyses as shown in Table
1. The ultimate and proximate analyses were performed using the properties presented by Liu et al. and Ahmad et al.,
who also used coal and PKS as feedstock, respectively [18,20]. The fixed carbon content for coal was higher than PKS.
Hence the tendency of coal to produce higher combustible gas from the component of carbon is higher. However, the
moisture content (which reduce the formation of carbon component) for PKS was lower compared to coal. Thus, detail
analysis of gasification mechanism process is vital to compare the capability of coal and PKS in producing higher
combustible syngas. The boundary of the simulation was set to fluid, and the operating boundary condition for the model
such as pressure was defined at 101.3 kPa. The inlet mass flow rate and temperature for the gasification fuel (coal) were
set at 30 kg/s and 400 K, respectively. Meanwhile, the mass flow rate and temperature for the gasification agent (air)
were set to 109 kg/s and 900 K, respectively. All the simulation parameters are tabulated in Table 2. During the
simulation, the mole fraction for every syngas species produced during the gasification process was monitored by the
console for convergence. The convergence criteria were set to 10 in the units of mole fraction for every syngas species
produced during the gasification process. The simulation was initialized using hybrid initialization before it was run.
Hybrid initialization solves the Laplace equation to produce a velocity field that conforms to complex domain geometries,
and a pressure field which smoothly connects high- and low-pressure values in the computational domain. Surface
integral and the x-y plot were utilized to extract syngas composition, temperature, pressure, and velocity data for both
gasification simulations after the calculation was completed. The syngas species contour was generated for analysis and
discussion.

3. Results and Discussion

The coal simulation was analyzed and used as a baseline. The coal simulation results were validated with the results
from previous studies. The validation process is important to ensure the simulation model produces results with high
accuracy. The simulation parameters shown in Table 2 were used for the analysis. Non-premix combustion was utilized
as the species model for the Fluent simulation. The convergence criteria were set to 0.000001. The mole fraction of the
syngas composition was carefully observed for both simulations (coal and PKS) in each iteration process. The mole
fraction of the species was rounded to six decimal places. The mass flowrate was set to ensure the mass balance is
achieved during the simulation process. The result was validated with 83.2% overall accuracy for the gasification of coal.
The simulation analysis was then repeated using PKS as feedstock fuel.

Table 2 - Simulation Parameters

Parameters Value/ltems Reference

Gasifier Type & Fixed Bed Downdraft

s [20]
Parameters Gasifier
Turbulence model Realizable k-¢ [7-9]
Approach Euler—Euler [7-9]
Gasifier Temperature 900 K [20]
Gasifier Pressure 1 atm [20]
Gasifier Agent Air [20]
Gasifier Agent Flowrate 109 kg/h [20]
Biomass Feed Rate 30 kg/h [20]

3.1 Results Validation

The product gas composition from the gasification process was identified based on the syngas composition, which
consists of carbon monoxide (CO), hydrogen (H>), carbon dioxide (CO2), methane (CH.), and nitrogen (N2). A robust
simulation model is expected to yield identical results to those from previous studies that used similar process parameters
and gasification fuel chemical compositions. Hence, the present model was validated before continuing with the
simulation study using different feedstock types. The results of the present study were then compared with those from a
previous study as shown in Fig. 3 with the compositional units of mole fraction. The error was calculated by using
Equation 6.

|Mole Fractiongimuiation—Mole Fractionpyepious Studyl

Error% = X 100 % (12)

Mole Fractionprepious Study
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Fig. 3 - Result comparison between the present study with the previous study (Gonzalez & Perez, 2019) [5]

Under the same process parameters and fuel as shown in Table 2, the overall error of the simulation was 16.68%.
The error of the simulation prediction for H, was 21.66%, while CO error prediction value was 26.75%. The composition
of CH4 was predicted with an error of 9.15%, whereas the error of inert N2 gas prediction was 9.17%. Data comparison
with a previous study carried out by Gonzalez and Perez reveals a good agreement with the present study, in which all
the error values were lower than 27% for every species of syngas produced. The deviation of the values between both
results was caused by the different species model used in the simulation process. The present study utilized non-premix
combustion for the simulation process while Gonzalez and Perez did not specify the species transport model used in their

study [7]. This may have caused the gasification model to produce variations in the syngas composition between both
simulations.

3.2 Gasification Characteristics of Coal

Surface integral was utilized in this study to obtain the product gas composition produced at the gasifier outlet. From
the simulation, coal did not exhibit decomposition process at the drying zone as no significant reactive syngas component
for H; and CO was produced in that area, as shown in Fig. 4. Drying zone process occurred as the moisture content in
biomass began to be removed before it entered the pyrolysis zone. The presence of H; and CO was typically higher at
oxidation and reduction zone area. Hence, gasification of coal produced higher concentration of H, and CO at the reactor
exit. According to Maya et. al. [6], the high temperature medium in oxidation zone involved the exothermic and
endothermic reactions of gasification fluids and products respectively. Hence, the production of H, was promoted by
higher temperature as the process involved the primary water-gas reaction and steam-methane reform. The high
concentration of CH, particularly at pyrolysis zone but reduce at reduction zone as the gas pass through the oxidation
zone. This was due to the reforming of CH4 with H,O via endothermic reactions which taking place in pyrolysis zone.
Thus, gasification of coal caused the production of CH, at the reactor exit was lower. This primary observation on the
distribution of gaseous component in reactor can become a critical understanding database in determining the reaction
behavior within the reactor if coal is used as feedstock.

Fig. 5 showed that all of the water in coal was vaporized completely where H2O is mainly concentrated at pyrolysis
zone. Syngas started to appear during the gasification process in that pyrolysis zone due to the thermal decomposition of
coal. The energy required for the thermal composition was generated from the oxidation [21]. Coal began to decompose
with heat as its temperature increased above 500 K in the pyrolysis zone. Coal was broken down into a combination of
solid, liquid, and gas. The solid that remained unreacted is known as gasification char. Gasification char is the finer
component of the gasifier solid residuals which is made up of unreacted carbon and varying proportions of siliceous ash
[14]. The gas and liquid released by the gasification process are called syngas and tar, respectively [21]. The gas and
liquid produced during pyrolysis were coal fragments that had broken down with heat. These fragments are the more
complicated H, C, and O molecules in the coal that are commonly referred to as volatiles [21].
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Fig. 4 - Contour of Hz, CO, CO2, CH4, H20, and O: for coal gasification

At the oxidation zone, the gasification agent (air) was injected to react with the products of the pyrolysis zone, to
provide heat energy for the gasification process. This reaction took place between 700 and 1000 K. The volatile matter
from the pyrolysis zone was also subjected to the combustion process to generate heat for reduction reaction, in which
the CO; and H,O concentrations were reduced. The pressure, temperature, and velocity of the gasifier increased rapidly
in the oxidation zone due to the introduction of the gasification agent.

In the reduction zone, four major reactions with limited O, supply took place: water—gas reaction, water shift
reaction, Boudouard reaction, and methanation [16]. Reduction in a gasification process was accomplished by introducing
carbon dioxide (CO>) or water vapor (H20) to the volatiles of coal. The carbon volatiles in the coal were highly reactive
with oxygen. The high volatility was attributed with the reaction of radical O atom from the water vapor and carbon
dioxide. Hence, there are more available radical O and C atoms during this process [15]. This reaction took place with
the temperature ranging from 700 to 800 K. The oxygen element is also more prone to bond with the radical C atom than
to its own component [15]. Thus, the presence of free radical O atom was insignificant for typical diatomic O, form.
After the radical O atom had completely reacted, the reduction process was completed [16]. Through this process, CO;
was reduced by carbon to produce two CO molecules, and H,O was reduced by carbon to produce H, and CO. Both H;
and CO are combustible fuel gases, and those fuel gasses were then emitted at the outlet of the gasifier and channeled to
the desired application.
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3.3 Gasification Characteristics of PKS

At the pyrolysis zone, all of the water in PKS was vaporized completely. In this study, the H,O mole fraction in PKS
gasification was lower than that of the coal, as shown in Fig. 8. This is due to low moisture content of PKS as compared
to coal. PKS began the irreversible devolatilization reaction as the thermal decomposition took place. This is due to the
increase of temperature, which was indicated by the higher concentration of CO and H at the pyrolysis zone as shown
in Fig. 6. The heat energy required for the thermal composition was acquired from the oxidation zone. PKS began to
rapidly decompose with heat and released syngas as its temperature increased above 950 K. The gasses and liquids
produced during PKS pyrolysis are PKS fragments that had broken off with heat. These fragments are the more
complicated H, C, and O molecules in the PKS that are also typically referred to as volatiles [15]. Fig. 6 also shows that
the contour for H,O is less covered with the yellowish region for PKS compared to coal, which indicates that the amount
of H20 was lower. This corresponds to the higher production of reactive components of H, and CO by PKS compared to
coal.

At the oxidation zone, the gasification agent (air) was injected to react with the products of the pyrolysis zone to
provide heat energy for the gasification process. The oxidation of PKS occurred at higher temperature than the oxidation
of coal. The volatile passing through the drying and pyrolysis zone to remove moisture and experience vaporization
process. The volatile was then exhibited oxidation process in oxidation zone to produce more gaseous product and finally
reduction process to form syngas via the gasification completion process [17]. The combustion process also provided
heat energy for CO, and H,O formation in the reduction zone. PKS volatiles also reacted with air to produce carbon
dioxide and steam in this particular zone. This is shown in Fig. 7, where the mole fraction of CO; and H,O increased at
the oxidation zone. The pressure and velocity of the species in the gasifier increased due to the introduction of the
gasification agent at the oxidation zone.

The reduction zone for the gasification of PKS was also attributed with the water—gas reaction, water shift reaction,
Boudouard reaction, and methanation [16]. The carbon volatiles in PKS were also highly reactive with oxygen. The high
oxygen concentration was favored to react with the radical O atom released from the water vapor and carbon dioxide.
This reaction took place within the temperature range from 1000 to 1100 K. The released radical O atom from the bonding
promoted the production of CO and H; from the CO; and H0.

3.4 Comparison Between Various Feedstocks

Based on the simulation, PKS produced 52.29% lower CO, than coal as shown in Fig. 8. This is due to the complete
reaction of carbon volatiles in PKS to form CO during the reduction process. Meanwhile, the carbon volatiles in coal did
not completely react due to the high concentration of O in its chemical properties (Ultimate Analysis), as previously
indicated in Table 1. This caused the unreacted CO- to be discharged at the outlet of the gasifier and led to the higher
production of CO- by coal than the one produced by PKS.

120



Mohd Dali et al., Int. Journal of Integrated Engineering Vol. 14 No. 4 (2023) p. 112-123

During the biomass oxidation, PKS produced more CO, compared to coal, as shown in Fig. 8. CO; reacted
completely with oxygen in PKS at the reduction zone to form CO, whereas coal carbon volatiles did not react completely
with oxygen due to the limited supply of O atom in its chemical properties. This caused the PKS to produce 90.51%
higher CO content than coal. PKS has the advantage over the coal due to its high concentration of volatile oxygen in its
chemical properties.

PKS also produced 53.74% higher H, content than coal. This is due to the higher concentration of CO in PKS that
underwent water shift reaction with H,O to produce H; and CO,. Although coal contains higher concentration of carbon
volatiles than PKS, the limited amount of volatile oxygen hinders the CO; production during coal oxidation, thus affecting
the process of water—gas, water shift, and Boudouard reactions in the production of H, and CO. This caused the reactant
of those reactions, which is generally H2O, to be left unreacted and emitted to the surrounding. Hence, this leads to the
higher production of H,O by coal (71.31%) compared to PKS.
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Fig. 6 - Contour of Hz, CO, CO2, CH4, H20, and O: for PKS gasification

Coal produced 81.35% higher CH, than PKS. This is due to the higher concentration of carbon molecule in coal than
PKS that caused the methanation reaction with H; to occur and produce CHa. This study concludes that PKS gasification
produced 53.74% and 90.51% higher H, and CO than coal, respectively, when both simulations used similar gasification
parameters. Meanwhile, coal gasification produced 81.35%, 71.31%, and 52.29% higher CH4, H>O, and CO,,
respectively compared to PKS, as shown in Fig. 8. Thus, gasification of biomass is observed to be a potential candidate
for alternative fuel to coal as the combustible gaseous produced was higher based on the simulation analysis. This
fundamental understanding can become a vital database for future work especially when involving a justification with
experimental work.
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4. Conclusion

The present study investigated the effect of different gasification feedstocks on the produced syngas composition via
CFD simulation method. The simulation model of gasification using coal as feedstock, and the results of syngas
composition were validated with a previous study, which also used coal and similar parameters. The results are in a good
agreement as the present model produced a result with an overall accuracy of 83.2% when compared to the previous
study. The validated model was then applied for the gasification simulation using PKS as feedstock. The simulation
showed that the gasification of coal and PKS were applicable to be modeled to produce the required syngas composition
that consists of CO, Hz, CO2, CH4, H20, and N». The difference of syngas composition produced by coal and PKS is
attributed to the chemical properties of the fuel. The study found that the PKS gasification produced 53.74% higher H,
and 90.51% higher CO than coal with same conditional parameter setup. In addition, coal gasification produced 81.35%
higher CH4, 71.31% higher H,0O, and 52.29% higher CO, than PKS. The future work might be focused on the usage of
different gasification agent such as steam, pure O, and supercritical water to enhance the production of syngas. Detail of
reaction kinetic modelling in the simulation model also vital for accuracy and finally validation with experimental work
is a must for authenticity of the study. The use of alternative resources from the biomass waste for gasification as proposed
in this work can be one of the potential technologies towards the renewable energy usage. This is due to the capability of
PKS biomass in producing higher combustible gases compared to coal. The innovation also demonstrated on the higher
amount of H; content in syngas produced by PKS biomass. High H, syngas is favorable for cleaner combustion
technology with higher calorific value and hence comparable with conventional fossil fuel contained energy. Thus, this
alternative fuel can become a potential high-performance fuel for combustion technology specifically in power generation
system such as gas turbine, boiler, furnace and etc.
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