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temperatures which is lower (873K), normal (973K) and higher (1073K) temperature
atmosphere. Besides that, the effect of LRC type and gasifying agents on the producer
gas CO+H; composition, Lower Heating Value (LHV) and Cold Gas Efficiency (CGE) were
also studied using High-rank Coal (HRC) as comparison. The results obtained showed
that LRC gasification using oxygen increased LHV and CGE. Lower temperature
gasification using oxygen at 873 increased CO+H,, LHV and CGE for LRC compared to
higher temperatures at 973K and 1073K. This prediction suggests that LRC gasification
using oxygen at lower temperature increases the LRC gasification efficiency.
Keywords:

computational fluid dynamics; CFD;

bubbling fluidised bed gasifier; low- rank

coal gasification; gasifying agent Copyright © 2020 PENERBIT AKADEMIA BARU - All rights reserved

1. Introduction

Coal remains one of the most important sources of energy, fueling almost 40% of the electricity
worldwide and will continue to be an essential global energy source [1-3]. It is forecasted that the
importance of coal will continue to grow because of its vast availability and reasonable price [3]. As
a clean technology, coal gasification which converts the solid coal into combustible syngas (e.g., Ha,
CO, and CHa) with the resulting high calorific value and low emission was regarded as an efficient
route of coal utilization and has attracted increasing attention over the world [4]. Coal gasification
can be conducted mainly using either entrained flow gasifier, bubbling fluidized bed gasifier (BFBG),
or circulating fluidized bed gasifier (CFBG). The BFBG has been widely adopted due to the advantage
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of easy operation, wide solid fuel flexibility, excellent gas-solid mixing, and controllable bed
temperature [5]. Plenty of experimental studies towards the coal gasification have been carried out
in the past few years [6-10].

Suitable temperature selection can lead to better gasification behavior [11]. Recent technologies
for the gasification of coal, in particular, are based on partial combustion at temperatures well above
1000°C. This high temperature gasification can give a significant advantage in producing very fast
thermochemical conversion of coal into syngas but it also provides added expense of chemical energy
of the fuel due to heating. Recently, several researchers have shown their interests in low-
temperature gasification with higher cold gas efficiency (CGE) [12-16]. The use of reactive coals and
higher volatile content can promote higher carbon conversion during the gasification process [17,
18]. The syngas' calorific value increases when there is a temperature increase. This is contributed by
the increased of CO and H; concentration in the process [19-21]. The syngas LHV, however, decreases
with the increasing temperature. On the other hand, gasification of LRC using lower temperature
increases CO; concentration because of the water-gas shift reactions and oxidation reactions which
are very exothermic [19]. LRC is also reported to have a better gasification reactivity and not too
dependable to gasification temperature [22]. Thus, it is important to investigate the coal gasification
outcome when conducted in various temperature condition.

The composition of the volatiles obtained during gasifications was conducted depends on the
degree of the equilibrium of various gasification reactions. Experimental research had been used
widely and gave useful insights to understand the gasification process by considering the chemical
equilibrium of the gas components. However, it is still very difficult to predict the exact composition
of the syngas when conducting the gasification process. The operation of fluidized bed gasifiers is
very complex to be determined experimentally because it requires a long duration to explore. This
would result in a high operating cost [23]. The steady-state condition in the fluidized bed gasifiers is
hard to maintain and changes with the changing of operating parameters [23]. Besides that, the
equations used in fluidization problems are non-linear and it is difficult to obtain the exact solution
to accurately predict its numerical solutions. With recent developments in technology and numerical
techniques together with the reduced cost of CFD software packages, the capability of CFD modelling
can overcome the issues that occur during the experimental process.

In recent years, the use of Computational Fluid Dynamics (CFD) simulations had increased with a
distinct improvement in calculation methods and the condition of computer hardware. Using CFD is
very convenient, low cost and has accurate reproducibility [24]. For the gasification CFD model, it is
usually built using the dimension or geometry of a lab-scale, pilot-scale or commercially available
gasifier [25, 26]. Compared to the experiment method, using CFD methods makes it much easier to
change the input parameters like the feedstock properties, critical operating parameters such as
temperature or pressure, gasifying agents and other parameters that influence the system
performances. A comprehensive and validated CFD model using a readily available gasifier is valuable
in predicting the gasification efficiency indicator such as syngas production and CGE and whether it
is optimised according to its critical parameters [27, 28]. Moreover, CFD simulation is effective when
trying to predict flow, temperature, and species distributions during the gasification process which is
hard to determine or visualize using the experimental method used previously [28].

Considering the importance and complexity of coal gasification under various parameters such as
gasifying agent and operating temperature, the establishment of a fast, simple, accurate, and suitable
CFD model has important theoretical and practical engineering value, and it is also useful for the
study of the reaction process and reactor design. In this work, a CFD two- dimensional transient
simulation of a pilot-scale gasifier were carried out using ANSYS-Fluent. Two- dimensional approach
was selected instead of one-dimensional approach due to the variation of an important property of
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the system in a second dimension can no longer be neglected such as the variations of temperature
and composition in the axial and radial directions in the gasifier [29]. Even though the three-
dimensional simulation results will provide good predictions, it requires too much computation time.
If a two- dimensional model used can provide key results representing the actual process as well as
the three- dimensional model, the simulation efficiency would improve and variable parameter
analysis could be performed quickly [30]. The CFD results were compared to experimental results
obtained from an actual pilot-scale gasifier. This will serve to check if the model is suitable to
accurately simulate the LRC gasification process.

2. Methodology
2.1 Experimental Method

In this study, all the coal samples were from Tenaga Nasional Berhad Research (TNBR) and also
some were obtained by the companies in Sarawak, Malaysia. There are two ranks of coals used, LRCs
that consist of sub-bituminous coals and HRC which is bituminous coal. Table 1 shows the origin,
type, rank, and reactivity for 5 different coals. The reactivity on the table is calculated by the ratio of
fixed carbon/volatile matter [31].

Table 1

LRC and HRC used in this study

Coal Name Origin Type Rank
Merit-Pila Sarawak, Malaysia Sub- bituminous LRC

Mukah Balingian Sarawak, Malaysia Sub- bituminous LRC

Adaro Indonesia Sub- bituminous LRC

Melawan Indonesia Sub- bituminous LRC

Silantek Sarawak, Malaysia Bituminous HRC

The coal samples preparation was conducted according to the American Society for Testing of
Material, ASTM D2013-86. The heating value of every coal used was determined using a bomb
calorimeter, LECO AC-350. ASTM D3286-96: Standard test method for gross calorific value of coal and
coke using isoperibol bomb calorimeter was used to obtain the calorific value of the coals [32]. ASTM
D 5373-93: Standard test methods for instrumental determination of carbon, hydrogen, and nitrogen
in laboratory samples of coal and coke was used to investigate the Ultimate Analysis of coal which
consists of carbon (C), hydrogen (H), sulphur (S), nitrogen (N) and oxygen (O). ASTM D5142-90:
Standard test methods for proximate analysis of the analysis sample of coal and coke by instrumental
procedures were used to define the coal characterization in the term of weight loss percentage of
moisture, volatile matter, fixed carbon and ash [33]. The experiments were conducted using
Thermogravimetric Analyser, TGA/DTA 220U, SEIKO.

A readily-available gasifier at the Combustion Research Group in TNB Research Sdn Bhd was used
to conduct the LRC gasification. There are seven main components in this experimental arrangement,
which are a steam generator, air/steam blower and distributer, coal feeding, fluidised bed gasifier,
pre-heating section and producer gas analysis section which was controlled by the Controller Unit. In
this experiment, thermocouples were used inside the gasifier to measure the temperature.

Before the experiment started, around 15 kg of silica sand was inserted in the gasifier. An electric
heater was used to pre-heat the gasifying agent (~150 °C) before entering the gasifier. To develop
silica sand's fluidisation, the gasifying agent was continuously supplied. The flow rate of the gasifying
agent was controlled using an airflow meter while liquified pressurized gas (LPG) was used to increase
the temperature of the bed to a maximum of 400 °C. Coals were continuously supplied to increase
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bed temperature [34-36]. A screw-feeder controller was used to measure and control the coal feed
rate. The temperature of the silica bed was maintained to be isothermal at 600-800°C. The
Equivalence Ratio (ER) of 0.3 was used for all experiments to ascertain that the fluidising and
gasification process was stable inside the reactor bed. The value of 0.3 was selected as it is widely
accepted that the optimum ER is between 0.2 and 0.4 (air supply is only 20-40% of its stoichiometric
requirement) [37]. The entrained particles inside the syngas from the gasifier was captured using two
cyclones. Catalysts were used to reduce the tar content in the syngas.

Samples of the product gases were taken from 3 different locations inside the gasifier's freeboard
which is at the gasifier, cyclone exit and after the water scrubber. Samples were taken from the
produced gas released using online gas chromatography (GC). The GC was equipped with Porapak Q
column and Molecular Sieve 5A column. The produced gas detection used helium gas as the carrier
gas. The analysis of the hydrocarbons and permanent gas analysis was conducted using two detectors
which are the flame ionization detector (FID) and the thermal conductivity detector (TCD). The results
used in this experiment were all obtained from the gasifier freeboard [34-36].

2.2 CFD Simulation Method

The mathematical model was described in detail in a recent publication, thus omitted in this
paper [38]. The Eulerian- Eulerian multiphase flow with KTGF was chosen for this study [38-40]. The
Eulerian-Eulerian approach was chosen because it is more suitable to be used for the bubbling
fluidised bed (BFB) gasifier type. The BFB gasifier has a dense bed making it hard to track the bed or
coals particles. Tracking it becomes nearly impossible or very time-consuming. That is why the Euler-
Euler approach was chosen. The kinetic theory of granular flow (KTGF) was used as the base for the
sophisticated closure models. The gasifier geometry, mesh and mathematical model were developed
using ANSYS FLUENT version 14 (Ansys, Inc., Cecil Township, PA, USA). UDF or user-defined function
was used to model the chemical reactions for heterogeneous reactions. Two Eulerian phases were
defined which is the solid phase for coal and silica-sand and the gas phase for the gasifying agent.

The 2nd order implicit was used for the transient formulation while the Eulerian was used for the
multiphase model. The model also applied Realizable k-epsilon dispersed multiphase model and
standard wall functions with considerations on the gravitational force. This research used the value
recommended for monodispersed particles which are 0.63 for the volume fraction of sand inside the
gasifier [41]. The Finite-Rate/Eddy-Dissipation Model was selected to solve the gas-phase species
transport equations. This model used Discrete Ordinate (DO) radiation model for the gas and particle
radiation interactions. The domain-based weighted-sum-of-gray-gases model (WSGGM) for the
radiative properties of the gases was applied [42]. To prevent divergence, under relaxation factor for
pressure, momentum and volume fraction were set at 0.1. Second-Order Upwind scheme was
selected as the discretization scheme for momentum, turbulence dissipation rate and turbulence
kinetic energy. QUICK discretisation scheme is used for time discretization for volume fraction
calculation. Phase Coupled SIMPLE was used for pressure-velocity coupling scheme [43]. The models
and parameters used in ANSYS FLUENT were as shown in Table 2.
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Table 2

Simulation and model parameters

Description Value Comments
Gasifier height, H 3.13m Fixed value
Gasifier width 0.35m Fixed value
Static bed height, Ho 0.525m Fixed value
Gas density, pg 1.225 (kg/m3) Air

Gas viscosity, Ug 1.7894 x107°(kg/m s) Air

Particle density, ps 2665 (kg/m3) Silica-sand
Particle viscosity, Hs 1.72x10°(kg/m s) Silica-sand

Particle diameter, ds 350um Silica-sand, uniform distribution

Initial solid volume fraction, Fixed value
0.63

€0

Angle of internal friction 30° Fixed value

Restitution coefficient 0.7 Fixed value

Specularity coefficient 0.0001 Fixed value

Maximum particle packing 0.64 Fixed value

limit

Time step 0.0001 Specified

Fluidisation Velocity (m/s) 4Ums

Temperature (K)

873,973,1073

Lower, normal and higher operating

temperature
Coal particle size (um) 350 Specified
Merit-Pila, Mukah-Balingian,
LRC Type Melawan, Adaro
HRC Type Silantek
Transient simulation time (s) 4.0
Initial pressure (Pa) 101325 Specified

ANSYS Design-modeler was used to build a two dimensional (2D) axisymmetric geometry gasifier.
The gasifier was based on the physical dimensions of the real pilot-scale fluidised bed gasifier at
TNBR. First, ANSYS Mesh was used to discretize the gasifier geometry. Then, using a mapped face
meshing option and quadrilateral mesh method, the whole gasifier domain was meshed into a large
number of elements of quadrilateral shapes as shown in Figure 1. There was no further refinement
for the cells made near the wall because this model aimed to capture the gasification processes
within the bed and not the near-wall behaviour [44]. Different mesh sizes which are the coarse,
medium and fine with three different maximum face sizes of 0.5cm, 0.35cm and 0.25cm were used
in this study. All the mesh types were a near 100% orthogonal quality with maximum skewness of <
5%. According to the ANSYS manual [45], the mesh quality value was excellent based on the
orthogonal quality and skewness value.

The gasification of LRCis a complex process. LRC consists of a different number of substances and
it may be different in terms of composition between coals according to their rank, calorific value, ash
content, moisture content, etc. Some simplification needs to be applied to the modelling strategy to
overcome this complexity issues when developing the CFD model. During LRC gasification, four stages
of conversion which are drying, pyrolysis, devolatilisation and char gasification occurs. First, all the
volatiles were released and when completed, volatiles oxidation, char combustion and gasification
occurred. The chemical reactions that happen during gasification are volatile oxidation (combustion),
char combustion (oxidation), char-steam gasification, char-carbon dioxide gasification, followed by
the gas phase reactions [46]. Table 3 shows the reactions for the simulation of LRC gasification used
in this study.
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2,000 (m)

Fig. 1. Geometry and mesh of gasifier
generated in ANSYS

Table 3
Global reaction rates used for coal gasification simulation and model parameters
Reactions Reaction Heat, K=At"exp(-E/RT) (n=0) Reference
AHg° (Mi/kmol) A E(kJ/mol)

Heterogenous Reactions
LRC1 H20 (1)2>H20 (g) - 0.05 1.08 Khan and Wang [47]
LRC 2 Volatile = viCHs+ v2H2 + v3CO2  User Defined Function (UDF)

+vaCO + vsH20 + vetar

LRC 3 C(s)+0.502> CO User Defined Function (UDF)

LRC 4 C(s)+CO2~>2cCO User Defined Function (UDF)

LRC5 C(s) + H.0>CO + H» User Defined Function (UDF)

Homogenous Reactions

LRC 6 CO+0.50:~> CO2 -283.0 2.2 x10% 1.67 x 108 Lu and Wang [48]

LRC 7 CO +H20 > CO2 + Hz - 2.75x10° 8.38x 107 Lu and Wang [48]

LRC 8 CO + 3 H2~> CHa +H,0 - 4.4 x 101 1.25x10%  Jeongetal., [49]

LRCHO CHz+ 0.5 02> CO + 2H» -35.71 4.4 x 101 1.25 x 108 Jeong et al., [28],
Jones and Lindstedt
[50]

LRC 10 H2+ 0.5 022 H20 -242 5 x 10%° 1.68 x 108 Chen et al., [51]

The simulation iterations were conducted using a time step size of 0.001s until 0.0001s. The
simulation was stopped at 4:00s because the syngas production reaches a steady state at that time
and the value remains almost constant [47]. It was assumed that the mixture inside the gasifier was
an ideal gas mixture as the gasifier and was at atmospheric pressure. Because the bed was a
homogeneous porous media, all the variables were also assumed as continuous in space and time.
Other than that, the wall was considered adiabatic, with heat ux=0. The coal pyrolysis process was
considered to happen instantaneously, which made the process simpler. The coal properties
obtained from the experimental results were used as an input in coal inlet and the char composed of
pure carbon.

The numerical method and grid convergence study in this paper is not included as it was reported
before in our recent paper [38].

2.3 Performance Evaluation of Gasification Process

Several ways can be used to evaluate the performance of the gasification process. The gasification
performance was assessed using the same method applied by Ghezelchi [52] and others [53-55].
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Besides syngas components (CO+H.), lower heating value (LHV) and cold gas efficiency (CGE), n were
also calculated. The equations that were used are as shown in Eq. (1) and Eq. (2) below.

LHVsyngas = ((30CO + 25.7H; + 85.4CH4) x 4.2) x 1000(MJ/Nm3) (1)

CO, Hz and CH4 are the molar ratios of each species as obtained from gasifier simulation results.

syngas ‘LHVsyngas

n =m;9 — I % 100 (2)
fuel fuel

Where Mgy, gqs @and Mgy, is the mass flow rate for syngas and fuel [16, 56].

3. Results
3.1 Investigation of Coal Properties

Table 4 and Table 5 list the calorific value, proximate and ultimate analysis results conducted. The
values were used in the FLUENT simulation as the volatile composition of coal.

Table 4
Proximate and ultimate analysis for LRC used
Parameters Melawan Adaro Merit-Pila Mukah Balingian
Calorific Value J/g 21878 28340 24490 24565
PROXIMATE ANALYSIS (as received) %
Moisture 24.5 8.38 6.11 10.27
Volatile Matter 32.49 39.27 37.04 35.0
Fixed Carbon 39.10 43.20 39.11 43.36
Ash 4.0 9.15 17.75 11.38
ULTIMATE ANALYSIS (d.a.f) %
Carbon 74.1 43.97 58.49 64.54
Hydrogen 5.3 4.33 4.94 4.83
Nitrogen 1.48 1.03 0.53 1.09
Oxygen 18.85 50.67 36.05 29.58
Sulfur 0.27 0 0 0

Table 5

Proximate and ultimate analysis for HRC used

Parameters Silantek

Calorific Value J/g 28700

PROXIMATE ANALYSIS (as received) %

Moisture 29.09

Volatile Matter 31.22

Fixed Carbon 31.18

Ash 8.51

ULTIMATE ANALYSIS (d.a.f) %

Carbon 78.40

Hydrogen 5.4

Nitrogen 2.3

Oxygen 0.4

Sulfur 0.4

117



CFD Letters
Volume 12, Issue 10 (2020) 111-127

3.2 Validation of the Gasification Model

A validated gasification model can be used to assessed the gasifier's performance sensitivity when
using different operating parameters [24]. The impact of the parameters to the gasification efficiency
can be predicted using the gasification model developed without further need of the experimental
data [24]. The species composition of syngas produced from gasification of Merit- Pila, Melawan and
Adaro coal from experiment and the prediction made by CFD simulation were summarised in Table
6 below.

Table 6
Comparison of Syngas Composition between Simulation and Experiment

Adaro

Syngas Species Experiment Simulation Absolute Error Relative Error
(mol.%) (mol.%) (%) (%)

CHa 0.110 0.220 0.110 100

02 11.795 2.228 9.566 81.102

CO. 8.573 5.072 3.502 40.849

CO+H2 15.256 17.495 2.239 14.677

N2 64.266 74.985 10.719 16.679

Merit-Pila

Syngas Species Experiment Simulation Absolute Error Relative Error
(mol.%) (mol.%) (%) (%)

CHa 1.061 0.914 0.147 13.855

02 0.951 1.661 0.710 74.659

CO. 8.922 5.217 3.705 41.527

CO+H2 15.681 16.289 0.608 3.877

N2 73.167 75.918 2.751 3.760

Melawan

Syngas Species Experiment Simulation Absolute Error Relative Error
(mol.%) (mol.%) (%) (%)

CHa 0.140 0.291 0.150 107.14

(0]} 11.892 1.587 10.304 86.646

CO. 2.362 2.678 0.316 13.378

CO+H2 15.846 14.926 0.919 5.800

N2 69.760 80.518 10.758 15.421

Table 6 shows a comparison of syngas species mol fractions between CFD simulation and
experiment. From the observation on the data in Table 6, the CFD simulation results have good
agreement with experimental data for all species composition with an absolute error below 11% for
Adaro and Melawan coal and below 4% for Merit-Pila coal. For relative errors, it can be seen that the
value is significantly high for CH4 and O,. The range of relative errors obtained is similar to the report
by Battaglia et al., [57] which conducted a comparison between experimental and CFD simulation for
low-rank sub-bituminous coals. The difference in the results might be caused by the reaction kinetics
used in the simulation is not suitable for LRC because most of the reaction kinetics obtained from
literature was for HRC gasification instead of LRC [58]. Further improvement can be made to the O;
and CH4 composition results using CFD simulation by conducting a kinetic study specifically for the
sample used instead of using the reaction kinetics available in the literature [59].

Besides that, the high alkaline content in low-rank coals might also be a contributor to the
difference in experiment and CFD results. Low-rank coal reactivities were reported to be associated
with the alkaline content [60, 61]. It is also reported that the activation energy might differ even
though the coals are from the same rank [61-63]. However, this simulation does not consider this
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effect even though its catalytic nature has been widely mentioned as a variable affecting the
activation energy of coals [61,64, 65]. Addition of the alkaline content in coals and its effect on coal
gasification in the simulation model is thought to provide a more accurate result for the CFD
simulation. Other than that, the assumptions or simplifications made during the simulation were also
known to produce some errors. The results for C;He, C2Ha and CoH, were neglected as the amount is
too small compared to other producer gas composition.

CO + Hz which was the desired syngas components was selected as the gasifier performance
evaluator because its total mols did not change by the water-shift reaction. Besides that, the
gasification reactivity is correlated to its syngas yield and the total percentage of CO and H; in the
syngas, not to the H,/CO ratio. Due to the convenience, CO + H; was used in this study [66].

3.3 Comparison between LRC and HRC Gasification using Air as Gasifying Agent

The simulation results of the desired syngas components (CO + H3), Lower Heating Value (LHV)
and Cold Gas Efficiency (CGE) inside a gasifier for five types of different coals using CFD simulation is
as shown in Table 7 below. The coals used in this study is Merit-Pila, Mukah Balingian, Melawan, and
Adaro for LRC and Silantek for HRC. To compare the gasification of coals between LRC and HRC, the
simulation was first conducted using air gasification at 973K.

Table 7
Comparison of CO+H; composition, LHV and CGE between HRC and LRC at 973K using CFD
simulation
Coal type Coal Syngas (CO+H>) LHV (MJ/Nm?3) CGE (%)
(mol fraction (%))
LRC Merit-Pila 15.59 2.27 7.48
LRC Mukah- balingian 18.78 2.65 8.70
LRC Adaro 17.39 2.26 6.43
LRC Melawan 14.63 1.94 7.15
HRC Silantek 23.88 4.82 13.55

As expected, the results show that the amount of desired syngas components (CO+H;) for LRC is
much lower compared to HRC which is 14.63% to 18.78% compared to 23.88%. The LHV result for
LRCs (ranged between 1.94 MJ/Nm?3to 2.65 MJ/Nm?3) were also low compared to HRC (4.82 MJ/Nm3).
As indicated by Zaccariello and Mastellone [67], this result might be contributed by the high oxygen
and water contents in the LRC (Refer Table 4) that lowers the chemical energy content during
gasification. Silantek coal, however, shows the highest amount of LHV even though it contains a high
moisture content which is 29.09%. The high LHV value of Silantek might be contributed by the low
oxygen content (13.5%) compared to other LRC. It was influenced by other factors such as coal
calorific values and carbon content. The results which show that differences in the coal’s composition
may present significant variations in the gasification products [67].

From Table 7, the CGE values range from 6.43% to 8.70% for LRC coals tested. On the other hand,
the CGE value for HRC is 13.55%, which is higher compared to LRCs. Results in Table 7 indicated that
gasifying HRC is more efficient than LRC at typical operating temperature (973 K) based on the CGE
values. This result agrees with the results reported by Majoumerd et al., [68]. They reported that the
coal quality did influence CGE because they found that gasification of lignite coals (LRC) using the GE
gasifier is 29% lower than gasification using bituminous coal [68].
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@

3.4 Effects of Temperature to

LRC Gasification

Figure 2 shows syngas composition (CO+Hz), LHV and CGE for all types of coal during air
gasification. The values of syngas produced during gasification reduce for all LRC when the
temperature was increased to 1073K. However, gasification of HRC at 1073K increased syngas
composition (CO+H;) by 5.35%. The LHV and CGE results obtained had a similar pattern to the syngas
composition (Figures 3 and 4). This suggests that the reactions involved during HRC and LRC
gasification differ where LRC favours gasification at 973K compared to 1073K. When gasification is
conducted at a lower temperature which is 873K, only Merit-Pila coal shows an increase in syngas
composition. Even though several researchers [57, 69] indicates that increasing temperature will
increase syngas composition, LHV or CGE, but not all types of coal will have this characteristic. LRC
such as Merit-Pila favours lower temperature at 873K while other LRC such as Mukah- balingian,
Melawan and Adaro favours lower temperature at 973K instead of 1073K.
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Fig. 2. CO+H, of various coals at 873K, 973K and 1073K using air
as gasifying agent (data from CFD simulation result)
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Fig. 3. LHV of various coals at 873K, 973K and 1073K using air as
gasifying agent (data from CFD simulation result)

120



CFD Letters
Volume 12, Issue 10 (2020) 111-127

30 —a - Merit- Pila —— Mukah Balingian
«+fx+ Adaro =X Melawan

25 -3 =Silantek

20 |

CGE(%)

873 973 1073
TEMPERATURE (K)

Fig. 4. CGE of various coals at 873K, 973K and 1073K using air as
gasifying agent (data from CFD simulation result)

3.5 Comparison between Oxygen and Air gasification

Figure 5 shows the syngas composition inside gasifier when using oxygen and air as gasifying
agents. Overall results show an increase in CO+H; value compared to using air as gasifying agents.
The high level of O, enhances the reaction of char with O, and promotes reactions producing CO and
suppresses the reaction of char with H,0 as N3 is replaced by O, [70]. HRC did not show a significant
increase compared to LRC when using oxygen as gasifying agents in terms of combustible syngas
(CO+H,) produced at all temperature tested.

However, LHV and CGE results indicated that all LHV and CGE values for all coals tested using
oxygen as gasifying agents increase at a lower temperature, 873K when compared with 973K. Further
increase in temperature shows a detrimental effect where the values of LHV and CGE decrease. These
results differ from HRC gasification where the highest value of LHV was obtained when gasification
was conducted at 973K for Silantek (0.19% increase) coals. The same phenomenon can be seen from
the CGE efficiency result.

Thus, it can be concluded that gasification using oxygen will produce higher syngas, LHV and CGE
for all type of coals. However, gasification at 873K will increase LRC gasification efficiencies compared
to a higher temperature at 973K where HRC efficiencies increased. Gasification at 1073K shows no
beneficial effects for all type of coals when gasified using oxygen as no significant increase of
gasification efficiency were detected.

Previous results had shown that using lower operating temperature can increase the LHV and
CGE for LRC gasification. Table 8 summarizes the operating temperature and gasifying agent to
produce higher CGE for each type of LRC used in this study based on the results in the previous
sections. The lower operating temperature of 873K with oxygen as gasifying agents is the most
suitable condition that can produce the highest gasification efficiencies for all of the LRC used. These
results further emphasize that LRC FBG gasification does not require a higher temperature to achieve
maximum gasification efficiencies.
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B. Coal gasification using oxygen
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Fig. 5. CO+H,, LHV and CGE of various coals at 873K, 973K and 1073K using air and oxygen as gasifying
agent (data from CFD simulation results)

Table 8

Suggested suitable operating parameters for LRC tested

Coal Type Temperature Gasifying Agent CGE (%)
Merit-Pila 873K Oxygen 21.39
Mukah-Balingian 873K Oxygen 19.27
Melawan 873K Oxygen 10.94
Adaro 873 K Oxygen 7.07
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4. Conclusions

The result supports the hypothesis that LRC will produce lower syngas, LHV and GCE compared
to HRC when using normal operating temperature (973K) and air as the gasifying agent. However,
even though it is suggested that increased operating temperature will increase gasification efficiency,
it is not entirely true when using LRC as our results suggest lower temperature gives better output
compared to a higher temperature at 1073K. It is recommended that the analysis of coal properties
is used to predict the gasification output and selection of the suitable operating parameters as the
results shows that certain LRC such as Merit-Pila favours gasification at 873K while other LRC such as
Mukah- Balingian, Melawan and Adaro favours gasification at 973K when gasified using air as the
gasifying agent.

It is also concluded that oxygen gasification can increase LHV and CGE for all coals regardless of
their type. Our results also predicted that even though oxygen can increase the gasification efficiency
for both HRC and LRC, LRC shows a more promising increase at lower temperature compared to
higher temperature.
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