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Abstract. Fluid catalytic cracking could convert crude palm oil into valuable green fuels to substitute fossil fuels. This study aimed to predict the 
phenomenon and green fuels yield in the industrial fluid catalytic cracking riser using computational fluid dynamics. A three-dimensional transient 
simulation using the Eulerian-Lagrangian with the multiphase particle-in-cell is to investigate reactive gas-particle hydrodynamics and the four-lump 
kinetic network model with the rare earth-Y catalyst for crude palm oil cracking behaviors. The study results show that the fluid and catalyst velocity 
profile increase in the middle of the riser reactor because the cracking reaction process that produces OLP and Gas products has a lighter molecular 
weight. The endothermic reaction causes the temperature profile to decrease because the heat of the reaction comes from the catalyst. This analysis 
shows that the simulation accurately predicts green fuel products from crude palm oil. As a result, the crude palm oil conversion, organic liquid 
product yield, and Gas yield correspond to 70 wt%, 28.8 wt%, and 27.5 wt%, respectively. Compared to the experimental study, the computational 
prediction of yield products showed good agreement and determined the optimal riser dimension. The methodology and results are guidelines for 
optimizing the FCC riser process using CPO.  
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1. Introduction 

Fluid catalytic cracking (FCC) has been in commission for 
almost a century. Numerous advanced technologies have been 
adopted to meet changing market requirements and address 
obstacles arising from the need to refine progressively 
unprocessed petroleum (Sadeghbeigi, 2020). In the past few 
decades, there has been consistent advancement in FCC 
technology. This process breaks down the larger hydrocarbon 
molecules into smaller ones and producing valuable products 
(Miao et al., 2021; Otten-Weinschenker and Mönnigmann, 
2022). The FCC has three main reactors, namely the riser, 
stripper, and regenerator, with the riser being the primary 
reactor where the catalytic cracking reaction occurs (Selalame 
et al., 2023). Liquid feed, preheated beforehand, is inserted 
through nozzles into the riser reactor to undergo an atomization 
process, creating fine droplets. These droplets then collide with 
a hot catalyst and undergo an endothermic reaction and 
evaporating (Sadeghbeigi, 2020; Du et al., 2022).  The cracking 
process takes place over a length of approximately 3-4 meters 
and the process involves three phases: the particle/catalyst 
phase, the liquid/feedstock phase, and the gaseous phase from 
the reaction products. Once the process is complete, only two 
phases remain in the middle of the riser: the catalyst phase and 
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a mixture of hydrocarbon vapor and steam (Zhong et al., 2022; 
Zhang et al., 2023).  

The FCC primarily employs VGO or fossil fuels as feedstock. 
However, there is now an opportunity to utilize CPO for 
producing green fuels through FCC. Green fuels, also referred 
to as renewable or alternative fuels, have significantly lower, or 
even zero, net carbon emissions. They not only offer a means to 
diversify our energy sources but also help reduce our reliance 
on finite fossil fuel resources (Cabrera-Jiménez et al., 2022; 
Grahn et al., 2022; Osman et al., 2022). Furthermore, Indonesia 
has potential because of produces the enormous amount of CPO 
in the world (Papilo et al., 2022). The Indonesian government 
aims to decrease the import of fossil fuels as part of its efforts to 
reduce the trade deficit. They plan to achieve this by producing 
green fuels, particularly by increasing the production of palm oil 
(Sugiyono et al., 2020).  

Several studies have described the conversion of biomass 
into green fuels through catalytic cracking. ZSM-5 and Y-Re-16 
catalysts were used on Palm oil to produce organic liquid 
products (OLP), resulting in 12.1% of gasoline, 8.9% of 
kerosene, and 71.4% of diesel (Onlamnao, Phromphithak and 
Tippayawong, 2020). Drop-in green fuel processes using SO4

2-

/TiO2-ZrO2 catalysts produces >50% green diesel, >32% 
biogasoline, and <11% heavy fraction, catalysts can be used 
based on the desired product (Zhang et al., 2020). The cracking 
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processing of CPO using Ni and Co impregnation on zeolite HY 
demonstrates the role of each metal is very significant for further 
catalyst advancement for the conversion of palm oil to biofuel 
(Istadi et al., 2021). HCl/γ-Al2O3 and HCl/Ni/γ-Al2O3 catalysts 
for cracking palm oil produced biogasoline 6.4%, bioavtur 
33.8%, and green diesel 20.3% (Dewanti, Rasyid and Kalla, 
2022). The conversion of off grade CPO into biogasoline 
through catalytic cracking is accomplished using heterogeneous 
catalysis, and the effectiveness of the α-Fe2O3 active site can be 
enhanced by incorporating cobalt (Co) and molybdenum (Mo) 
through metal impregnation (Santoso et al., 2023). CPO 
hydrocracking refer to the two reaction models: the four-lump 
model and the six-lump model (Hasanudin et al., 2020). The 
cracking reaction in the riser reactor involves many compounds 
and reactant products, making it easier to group them into 
lumps. The three-lump kinetic model (feedstock, gas-oil, and 
coke) was first developed in FCC kinetic modeling, then the 
Four-lump model with gas oil is separated into three 
components, gasoline, gas, and coke. More lumps are added to 
get higher accuracy in the kinetic model (Chen et al., 2020). 

The gas-solid phenomenon in the riser and the cracking 
reaction phenomenon, a numerical study is needed. It is 
impossible to do it experimentally due to cost and safety factors. 
The computational fluid dynamics (CFD) analysis is necessary 
for FCC development. Detailed experimental investigations 
have been prevented in the industrial FCC risers due to the 
presence of disperse catalyst, heat transfer, and reactions of 
cracking. The gas-particle simulations in CFD are conducted 
using the E-E (Eulerian-Eulerian) and E-L (Eulerian-Lagrangian) 
approaches. The E-E, TFM, assumes that a particle can be 
treated like a liquid, allowing its gas and particle to 
interpenetrate as continuous phases (Zhong et al., 2020; Yu et 
al., 2021). However, this approach disregards the particle by 
describing it as a dispersed phase. Therefore, other methods, 
such as E-L approaches, DEM (Discrete Element Method) (Gu 
et al., 2023), Discrete Particle Method (DPM) (Koyunoğlu et al., 
2023), and MPPIC (Multiphase Parcel-in-Cell) (Du et al., 2022) 
can be employed to overcome this limitation.  

The complexity of DEM is computational and it is 
appropriate for small-scale laboratory settings with a limited 
number of particles (Gu et al., 2023; Horio et al., 2023). On the 
other hand, DPM utilizes velocity and position monitoring of the 
particle, similar to DEM, but it does not have the capability to 
provide detailed information on particle sizes and clusters in the 
composition. In comparison, the MPPIC method utilizes the 
Liouville equation to calculate the time evolution of the particle 
distribution function (Torres Brauer, Serrano Rosales and de 
Lasa, 2021), enabling the simulation of particle clusters that are 
suitable for modeling powder hydrodynamics and catalysts. The 
main purpose of this study was to determine the dynamic 
behavior of gas and particles, as well as the performance of a 
commercial scale riser reactor with CPO as feedstock. 
Computational gas-solid prediction with MPPIC and six upward 
nozzles was applied. The four-lump kinetic base model with the 
rare earth-Y (REY) catalyst was adopted to represent the 
cracking reaction network with CPO as the feedstock. 

 
2. Gas–particle 

The pneumatic transport fluidization method is used to find the 
initial dimensions of a riser reactor is shown in Fig. 2. The 
simulation was conducted riser reactor to study the interaction 
between particles catalyst and CPO in industrial FCC riser. The 
governing equations utilized for this approach allowed for the 
simulation of both disperse particles and reactions. A thorough 
explanation and confirmation of the MPPIC model is also 
provided (Andrews and O’Rourke, 1996): 

2.1 Governing Equations 

The mass balance equation: 

𝜕𝜀𝑔𝜌𝑔

𝜕𝑡
+  𝛻 .   (휀𝑔𝜌𝑔 𝑢𝑔) = 0 ………………..(1) 

The first term is the mass accumulation rate, and the second 
term is the convection term. 

 

The gas momentum equation: 

𝜕(휀𝑔𝜌𝑔𝑢𝑔)

𝜕𝑡
+  𝛻 .   (휀𝑔𝜌𝑔 𝑢𝑔𝑢𝑔) = 

−𝛻𝑃 +  휀𝜌𝑔𝑔 + 𝛻. 휀𝑔𝜏𝑔 − 𝐹 ..……             .   (2) 

          
Where the first term is the change in the inertial force of 

unsteady acceleration, the second term is the difference of 
inertial force in the convection acceleration. Then the transition 
of force. The fourth term is the body force, the fifth term is the 
change of viscous, and the sixth term, F, is the gas and the 
particles in momentum exchange. 

𝐹 = ∭ 𝑓 𝑉𝑝 𝜌
𝑝

[𝛽 (𝑢𝑓 − 𝑢𝑝) −
𝛻𝑝

𝜌𝑝

 ] 𝑑𝑉𝑝𝑑𝜌
𝑝

𝑑𝑢𝑝…. (3) 

 

 f  is the Liouville equation that describes the change in time 
to the particle distribution function, β is the EMMS drag model 
(Dymala, Wytrwat and Heinrich, 2021; Pakseresht et al., 2023), 
𝒖𝒇 − 𝒖𝒑 is the slip velocity. The equation of momentum for the 

gas and particle is a connector between the equations in the gas 
and the particle where to predict the movement of particles by 
the Lioville equation. 

The gas species transport equation: 

   

 

                                                                        ……..(4) 

 
Yg,i is the gas species, the first term donates the mass 

accumulation rate, the second term represent the convection 
term, for third term is the diffusion term from the Schmidt 
number correlation with D, Sc = 0.9. δmi,chem depicts a chemical 

source term. 
 

 𝑆𝐶 =  
𝜇

𝜌𝑓𝐷
 

The energy conservation equation: 

 

                                                                

                                                                    …...(5) 

 

𝜕휀𝑔𝜌𝑔𝑌𝑔,𝑖

𝜕𝑡
+  𝛻 .   (휀𝑔𝜌𝑔 𝑢𝑔 𝑌𝑔,𝑖) = 

                     𝛻 .  (휀𝑔𝐷𝜌𝑔𝛻𝑌𝑔.𝑖) +  𝛿𝑚𝑖,𝑐ℎ𝑒𝑚  

𝜕(𝜀𝑔𝜌𝑔ℎ𝑔)

𝜕𝑡
 + 𝛻 .  (휀𝑔𝜌𝑔ℎ𝑔𝑢𝑔) =  𝛻. (휀𝑔𝑞) + 휀𝑔 (

𝜕𝑝

𝜕𝑡
+ 𝑢𝑔. 𝛻𝑝) +

�̇�𝐷 +�̇� + 𝑆ℎ                                            

 
Fig 1. 4-lump FCC kinetic model reaction (Bhatia, Leng and 

Tamunaidu, 2007) 
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The first term is energy accumulation, and the second term is 
convection transfer, the third is conduction transfer, the fourth 

is heat dissipation, and the fifth term is �̇� + 𝑆ℎ additional heat 

from the hot catalyst, �̇�𝐷  is the enthalpy of heat diffusion. �̇� is 

the endothermic of the cracking reaction (�̇� =  ∑ 𝑟𝑗𝑄𝑟𝑗
𝑛
𝑗=1 . 𝑄𝑟𝑗  ) 

is the heat of reaction from kinetics taken 4-lump. Conservative 
energy transfer from the particle phase (𝑆ℎ) to the fluid phase. 
whereas, 𝑟𝑗  describes the reaction rate for component j. 

2.2 Kinetic cracking model 

The four-lump kinetic model describes the CPO cracking 
reaction, and the components of the system are CPO, OLP, Gas, 
and coke are shown in Fig. 1. The rate at which reactant j is 
consumed per unit of catalyst can be described (Pachovsky and 
Wojciechowski, 1975). 
 

−𝑟 =  𝑘𝑗(
𝐶𝑗

𝐶𝑗𝑜
)𝑛𝐶𝑗휀𝑠𝜑              …………..  (6) 

Cj is the j component concentration, and Cjo is the initial purified 
component j concentration. kj denotes the pre-exponential 
factor for a specific temperature. CPO reaction, the value of n is 
1, while it is 0 for all other reactions. 
 

𝑘𝑗 =  𝑘𝑗𝑜exp (
−𝐸𝑗

𝑅𝑇
)                                              (7) 

 
The full expression for the rate of component j can be expressed 
as follows: 
 

−𝑟 =  𝑘𝑗𝑜   [
𝐶𝑗𝑅𝑇

𝜀𝑔𝑃
]

𝑛

exp   [
−𝐸𝑗

𝑅𝑇
] 𝐶𝑗𝜑휀𝑃                              (8) 

 
R, T, and P denote the universal gas constant, the temperature 
of the vapors, and the pressure. The rate expression for equation 
8 supposes that the function φ, which accounts for factors like 
coke coverage, pore occlusion, and the effect of pore occlusion 
on diffusion, is responsible for catalyst deactivation. Four-lump 
CPO kinetic model as data input reference on this simulation 
(Bhatia, Leng and Tamunaidu, 2007).  The kinetics model of 
CPO and the REY catalyst with diameter 150 −200 𝜇𝑚 and 5 
CTO g.g-1 (ratio catalyst to oil) was chosen because it has the 
most optimal product yield. Table 1 describes the activation 
energies and frequency factors of CPO with the 4-lump kinetics 
model as input variables for equations 6-7. 

𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 (𝑤𝑡 %) =  
𝐺𝑎𝑠 (

𝑘𝑔

𝑠
)+𝑂𝐿𝑃 (

𝑘𝑔

𝑠
)

 𝐶𝑃𝑂 (
𝑘𝑔

𝑠
)

 × 100% (9)

            

𝑌𝑖𝑒𝑙𝑑 𝑃𝑟𝑜𝑑𝑢𝑐𝑡 (𝑤𝑡 %) =  
𝑃𝑟𝑜𝑑𝑢𝑐𝑡 (

𝑘𝑔

𝑠
)

 𝐶𝑃𝑂  (
𝑘𝑔

𝑠
)

 × 100%              (10) 

Performance of reactor is defined as conversion and product 
yield by Equations 9 and 10 (Bhatia, Leng and Tamunaidu, 
2007). 

 
3. Numerical setup 

The geometry with boundary and initial conditions shown in 
Fig. 2 has a capacity of 4000 tons/day. Inlet A and Inlet B are 
designated as "velocity inlets" for boundary conditions, while 
the riser outlets are designated as "outlets" for Outlet D, where 
the steam inlet and catalyst inlet are located on the inclined 
pipe. The gas phase is subject to a no-slip condition at the wall 
boundary. The CPO feed inlet is designated as "inject" for Inlet 
C, with the six upward nozzles and angles is 30o. For detail 
dimension and parameter are shown in Table. 1. 

Equations 1-5 were used to describe the fluid field, and a 
numerical solution was obtained using the finite volume 
method. The velocity and pressure were adjusted using a 
SIMPLE. To achieve numerical convergence was selected for 
each time step, while using a small time interval of 0.0001 
seconds. The simulation was conducted  transient with 120 
seconds and the riser used a structured grid type with a 
hexahedral mesh. The independence and refinement tests have 
been used to check the mesh and the independence test 
involved comparing the results of three different mesh 
configurations, Mesh 1: 354,000 (number of meshes), 0.077 (grid 
distance), Mesh 2: 295,000 (number of meshes), 0.082 (grid 
distance), and Mesh 3: 236,000 (number of meshes), 0.089 (grid 
distance). Using an independent test equation, the comparison 
of these meshes shows that the grid-convergence index (GCI) is 
0.61 (with an allowed value of 0.5 < 1), indicating that the three 
meshes are independent and do not require a refinement test 
(Boache, 1994; Roache, 1997). 

 

4. Simulation results and discussion 

The results of  simulation depict the cracking reaction, including 
the momentum equation which reflects the velocity and void 
fraction. The energy equation shows the temperature, while the 
mass equation shows the product of the cracking reaction 
(Selalame et al., 2022). The displayed simulation results are from 
transient simulations spanning 0 to 21 seconds, while the 
analysis is presented for time intervals of 9, 12, and 15 seconds 
due to their significant differences.  

Table1 
Activation energies and frequency factors of CPO with four-lump 
kinetic model 
 

Reaction Ea (kJ/kmol) A 

CPO --> OLP 42.659 26.8 

CPO --> Coke 30.329 0.01 

CPO --> Gas 35.672 3.97 

OLP --> coke 21.018 0.5 

Gas --> Coke 10.273 0.02 

 
 

 

Fig 2. Initial dimensions of riser. 
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First, CPO is introduced into the gas-solid mixture through 
six nozzles positioned at a 30 degrees upward angle from the 
bottom of the riser reactor. This injection reduces the empty 
space within the mixture, leading to an upsurge in the velocity 
of both the gas phase and catalyst particles within the central 
atomization area of the riser. The introduction of hydrocarbon 
vapor further contributes to this process by increasing the 
velocity of the gas-solid mixture. As the droplets vaporize, they 
initiate cracking reactions, leading to an increase in the gas 
phase volume and the production of lighter gases. These 
combined effects result in heightened gas velocities in the upper 
and middle sections of the riser reactor, as depicted in Fig 3. 
The gas phase velocity illustrates that once the CPO spray 
completely vaporizes into the gas mixture, the flow pattern of 
the gas phase closely resembles plug flow. To prevent undesired 

cracking reactions associated with back mixing, the 
implementation of six atomizers has proven effective in 
promoting plug flow and minimizing these reactions. 

The change in velocity resulting from the cracking reaction 
occurs when the CPO feed is depleted, leading to the formation 
of products, namely Gas and OLP. These products have lower 
density, causing an increase in velocity. At a distance of 32.5 
meters, there is a velocity decrease due to the effects of gravity 
and a reduction in the rates of cracking reactions, which is 
caused by catalyst deactivation. Catalysts become less effective 
over time as they accumulate coke during the cracking process. 
While the presence of coke contributes to catalyst deactivation, 
assessing catalyst activity based on coke usage was found to be 
challenging. At a distance of 15.5 meters, the radial graph 
exhibits asymmetry due to the catalyst inlet being on the left 
side, resulting in catalyst clustering along the left wall, as shown 
in Fig. 4.  

 The supercritical steam and hot catalyst entering the riser 
form a mixture with CPO as hydrocarbons. The high 
temperature and pressure in the riser cause the heavy 
hydrocarbons to vaporize rapidly, forming gas phase products. 
These products contribute to an increase in fluid velocity (Chen 
et al., 2021; Yu et al., 2021; Du et al., 2022; Selalame et al., 2023). 
The steam from the bottom and the injection feed of the riser is 
at high pressure. As it travels upward, there is a pressure drop 
along the length of the riser (Chang et al., 2020). As the pressure 
decreases, the velocity increases to maintain energy 
conservation (Selalame et al., 2023). Increasing velocity affected 
to volume fraction is shown in Fig. 5. The effect of increasing 
velocity on the volume fraction is shown in Fig. 5. The volume 
fraction changes over the simulation time due to the increased 

Table 2 
Initial and boundary conditions 
 

Parameter   value   

 Pre-lift zone diameter,  d1 (m) 0.59  

 Pre-lift zone height,  z1 (m) 2.3  

                                                      z2 (m) 1.5  

                                                      z3 (m) 1.5  

 Nozzle height zn (m) 5.3  

 Diameter of riser,  d2 (m) 0.8  
  Height of riser,  z4 (m) 52.35   

 

Parameter value   

Initial condition   

 Steam temperature, (T) K 593.13  

 Pressure steam, (P) Pa 166713  
Inlet A (steam)   

 Flow rate, kg/s 0.8  

 Pressure, (P) Pa 166713  

 Temperature, (T) K 593.13  
Inlet B    

 Flow rate catalyst, kg/s 210  

 catalyst temperature, (T) K 973  

 Flow rate steam, kg/s 0.4  

 Steam Temperature, (T) K 593.13  
Inlet C (Injection)   

 Flow rate CPO, kg/s 42  

 Number of nozzles 6  

  Nozzle angle   30O upward   
 

 

Fig 3. Velocity graph of the fluid and catalyst in the axial direction at 
r0 

 
Fig 4. Velocity in the fluid and catalyst in the radial direction 

 

 
Fig 5. volume fraction in the axial direction at r0 
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velocity resulting from the cracking reaction (Akhavan and 
Blaser, 2021). 

The angle at which the feed is injected is crucial for the gas 
and solids flow, as well as the reaction efficiency within the riser 
reactor. In addition to the injection angle, the velocity at which 
the feed is injected also impacts the overall reactor 
performance. Six nozzles with an upward angle of 30 degrees 
were selected, as previous studies have shown that this 
configuration can result in increased product yield and 
enhanced catalyst hydrodynamics stability in the reactor riser. 
The presence of a fully developed radial velocity profile within 
the reactor riser validates the appropriateness of this chosen 
configuration, as illustrated in Fig. 4. Furthermore, the uniform 
temperature distribution depicted in the radial temperature 
profile demonstrates the positive impact on the cracking 
reaction process is shown in Fig. 7. 

The temperature drops due to the interaction between the 
hot catalyst and CPO, and supercritical steam is depicted in Fig. 
6. The cracking reaction in the riser reactor is endothermic, with 
the only heat source being the heat of the catalyst. The 
temperatures decrease at 9 seconds, 12 seconds, and 15 
seconds, and then remain stable at a height of 35 m, with an 
average temperature difference of around 30 K between the 
catalyst and the fluid. Additionally, the graph shows that the 
temperature begins to stabilize after a height of 24 m and 
remains constant at 34 m. Temperature variations in the 
simulations at the heights of 7 m, 15.5 m, and 24 m for the 
simulation results at 9 seconds, 12 seconds, and 15 seconds on 
the radial axis are presented in Fig. 7. From the radial graph, 
there is still a temperature fluctuation at height of 7 m with the 
highest temperature at the center of the reactor and the lowest 
at the reactor wall. However, temperatures at 15.5 m and 24 m 
are relatively uniform. 

Temperature reduction in the riser reactor is generally 
attributed to several factors. Firstly, the cracking of heavy 
hydrocarbon molecules into lighter ones is highly endothermic, 
necessitating heat for the reaction to proceed. As the feedstock 
and catalyst enter the riser reactor, heat is absorbed by the 
cracking reactions, leading to a decrease in temperature (Chen 

et al., 2021). In the FCC process, the feedstock is mixed with 
numerous fluidized catalyst particles, which serve as a diluent, 
lowering the feedstock concentration and overall temperature 
in the riser reactor. The riser reactor, being a relatively long and 
narrow vessel where the feedstock and catalyst are mixed and 
transported, experiences heat loss along its length due to 
convection, radiation, and contact with the cooler reactor walls, 
all contributing to the temperature decrease (Akermann, Renze 
and Schröder, 2022). 

The conversion and yield of OLP and Gas products in the 
axial direction from equations 9 and 10 are shown in Fig. 8a. 
The OLP yield continued to increase until the 15-second 
simulation and remained constant. However, it differed for the 
Gas yield, which peaked at the 12 seconds, then slightly 
decreased at the 15 second and remained constant. The 
simulation at 15 seconds exhibited the best conversion and yield 
of the product. Gas yield is the largest product, as shown in Fig. 
8b. 

The analysis from the previous study shows that the ratio of 
the dimensions of the riser is 0.02, this ratio is calculated from 
the relationship between the height and diameter (Theologos 
and Markatos, 1993; Ali, Rohani and Corriou, 1997; Derouin et 
al., 1997; Behjat, Shahhosseini and Marvast, 2011; Zhu et al., 
2011), are shown in Table 3. Using ratio and simulation to find 
the optimal dimensions for a riser reactor, as a result, the height 
is 37 m and a diameter is 0.8 m with 28.8 wt% yield of OLP and 
27.5 wt% yield of Gas. Due accuracy of the simulation analysis 
results was compared to that of the experimental study results. 
The simulation is based on the yield of the optimal dimensions, 
while the experimental study is taken from Bhatia, Leng, and 
Tamunaidu (2007), as shown in Table 4. The comparison 
between experimental study and simulation using (Yexp - 
Ysim)/Yexp.  The tolerance between the experimental and 
simulation studies has a slight difference. As a result, the 
comparison demonstrates good agreement. 

 
5. Conclusion 

In this work, the CFD approach based on the MPPIC method 
was applied to study the hydrodynamics, catalytic cracking 

 
Fig 6. The temperature contours and graph of the fluid and catalyst 

in the axial direction at r0  
Fig 7. The temperature of the fluid and the catalyst is in the radial 

direction 

Table 3 
The ratio of the dimensions of the industrial-scale riser (Theologos and Markatos, 1993; Ali et al, 1997; Derouin et al., 1997; Behjat et al, 2011; 
Zhu et al., 2011) 

Parameter  
Theologos and 

Markatos, (1993) 
Derouin et al, 

(1997) 
Ali et al, 
(1997) 

Behjat et al (2011) Zhu et al (2011)  Zhu et al (2011) 

Diameter (m) 1.24 1 0.8 0.14 0.8 1 

Height (m) 50 35 33 11 33 35 

Ratio  0.025 0.029 0.024 0.0127 0.024 0.03 
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reactions characteristics, and heat transfer in FCC riser reactor. 
The MPPIC had the ability to monitor both gas and catalyst 
particle stages, and it employed a four-lump kinetic reaction 
model using a REY catalyst to explain the cracking reactions 
involving CPO. The accuracy of the computational prediction 
has been confirmed by comparing it with experimental data, 
demonstrating its capability to accurately represent the key 
characteristics of FCC riser behavior. The simulation result that 
CPO is possible as feedstock in FCC for industrial scale. 
Simulation of riser reactor using six upward injections shows 
conversion and yield product distribution were qualified and 
discussed. Hence, the model has the potential to serve as a tool 
that aids in the creation, functioning, and management of 
industrial FCC risers for the purpose of generating green fuels. 
As future investigation, more lumps of CPO kinetics model and 
comparison various catalyst should be considered. 
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