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Abstract: The fluidized catalytic cracking (FCC) unit is the primary production unit for gasoline
and olefins in refineries. Improving product yield and processing capacity is closely related to
the economic benefits of refineries. In this paper, we use the Aspen HYSYS software to model the
mechanism of an 800 kt/a FCC unit in China. The simulation of the FCC unit based on the 21-lump
models and the simulation results are in good agreement with the actual factory production data.
Then we find out the optimization method to improve the product yield and processing capacity
through the model research. The results of the study indicate the following optimization plans: when
keeping the riser outlet temperature (ROT) in the range of 535~545 ◦C, it can increase the yield of
gasoline and liquefied petroleum gas (LPG) by up to 5%; when keeping the riser outlet temperature
(ROT) in the range of 510~520 ◦C, it can increase the yield of gasoline and diesel by up to 0.5%; the
optimal ROT of control temperature should be 530 ◦C when ensuring the same gasoline yield and
increasing processing capacity, it can increase the feed rate by 14.3% which in turn increases gasoline
production. Through the above plans, the refinery can achieve the production goals of yield and
capacity. Therefore, the refinery can get more profits.

Keywords: fluidized catalytic cracking; mechanism modeling; operation optimization

1. Introduction

The current economic environment, policies and regulations, and environmental
protection pressure on refinery process integration and operation optimization [1,2]. The
FCC unit is the oil refinery’s largest production unit for gasoline and light products [3].
It plays a key role in the operation of all refineries [4]. The yield and output of the staple
products of the FCC unit are the keys to ensuring the economic benefits of the refinery.
Refinery operators can fine-tune the device based on experience to increase the yield
and output of the FCC unit. However, it is necessary to realize the improvement for
the unit by grasping the chemical reaction, the feed characteristics, and the equipment
performance [5,6]. On this basis, it is crucial to use a strict model [7]. In particular, a strict
model validated by unit data can determine the key locations for process improvement.

Previous authors have studied the problems of the FCC units in terms of mechanism
modeling and operational optimization. Especially the efforts of Arbel et al. [8] and
McFarlane et al. [9] in this area merit highlighting. In Arbel’s work, they developed
a 10-lump model. Although this model fits well for simulating industrial production
trends, with the 10-lump model it is difficult to deal with heavy feedstocks (boiling points
above 510 ◦C), so the developed model is not widely applicable. McFarlane provided an
Advanced Continuous Simulation Language (ACSL) program to integrate the FCCU model.
However, this model is highly nonlinear and strongly interacting, making it difficult to
adapt widely to various refineries. Alshamsi [10] subsequently established a four-lump
model and optimized the product by varying the height of the riser reactor. Stratiev
et al. [11] increased the output of the FCC unit by using vortex separation system (VSS)
riser technology to modify the reactor and regenerator. Luo et al. [12] developed a new
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catalyst with a special coke. They found that it can effectively improve tar conversion rates
and gas yields. Wallin et al. [13] achieved the maximization of refinery profits by changing
the catalyst to oil ratio to alter the catalyst’s efficiency.

However, most of the early work used very simplified chemical reactions to express
the process kinetics. In addition, both the reaction regeneration and fractionation systems
are complex and difficult to converge. The early work in the literature did not integrate the
FCC reaction model with its complex fractionation system, which would cause optimization
to deviate from the actual large-scale integration conditions. At the same time, it is time-
consuming and labor-intensive work to reform the catalytic cracking unit, develop new
catalysts or change the properties of raw materials. This research work fills the gap
between the development of rigorous dynamics models in large refineries and industrial
applications. We have eliminated the barriers among the three FCC systems and combined
them into a complete system. In this way, we can more truly and comprehensively reflect
the overall picture of the processing system of the refinery, find the laws and change trends
in the system, and then efficiently and accurately realize the optimization of the system.

Moreover, we use the FCC process mechanism model established by Aspen HYSYS to
find a convenient way to increase the yield and output of the FCC unit by changing the
ROT. This method is conducive to the adjustment of the refinery, not just confined to the
laboratory. Furthermore, there is no need to invest too much in cost, and the danger is also
within the controllable range.

2. Materials and Methods
2.1. Case Study

We take an 800 kt/a FCC refinery in China as the research object. The FCC unit
mainly comprises the reaction regeneration system, fractionation system, and absorption
stabilization System [14]. Figure 1 shows a sketch of the process flow.
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Figure 1. The FCC process diagram.

2.1.1. Reaction Regeneration System

The crude oil is sent from the upstream device to the oil tank and then enters the riser
reactor after preheating and atomization. The spent catalyst recovered by the device enters
the stripping section. It comes into countercurrent contact with steam to strip the oil gas
carried by the catalyst. Most of the catalyst enters the coking tank through the standby
inclined tube. The reacted oil gas needs to remove the catalyst and then enter the lower
part of the fractionation tower through the reaction oil gas pipeline.
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2.1.2. Fractionation System

The reacted oil gas from the settler enters the bottom of the fractionation tower and
then meets the circulating oil slurry in the upper return column to wash and remove the
catalyst and excess heat. The oil gas at the top of the fractionation tower is cooled to 40 ◦C
and then enters the phase separator for vapor-liquid separation. The separated rich gas
enters the air pressure machine. The oil pump pumps the remaining crude gasoline and
enters the top of the absorption column as an absorbent. The light diesel oil is extracted
from the fractionation tower’s 12th and 14th floors, sent to the light diesel oil stripping
tower, and then cooled out of the device after steam stripping. Cool the lean absorption oil
to 40 ◦C. Part of it goes to the tank area, and the rest goes to the top of the absorption tower
as absorbent.

2.1.3. Absorption Stabilization System

At the top of the fractionation tower, the rich gas enters a first-stage air compressor for
compression and then cools to 40 ◦C for vapor-liquid separation. The separated rich gas
enters the second-stage air compressor for compression. Then it is washed with acid water
and cooled by the dry air cooler. Then it is mixed with the bottom oil of the absorption
column and the top gas of the desorption column and then cooled to 40 ◦C for vapor-liquid
separation. The separated rich gas enters from the bottom of the absorption column and is
absorbed with crude gasoline and stable gasoline. The lean gas goes to the reabsorption
column and is further absorbed by light diesel oil. After the top dry gas of the absorption
column enters the separator tank, it is divided into two parts, one goes to the product
refining unit for desulfurization, and the other is used as pre-lift dry gas. The separated
condensate oil is pumped and boosted directly into the top of the desorption column to
desorb the components less than C3. The de-ethane gasoline is drawn from the bottom
of the desorption column and sent to the stabilization column for fractionation after self-
pressure and heat exchange. Liquid hydrocarbons distill from the top of the stabilizing
column. Part of it returns to the stabilizing column, and the rest goes to the product refining
unit. Stabilized gasoline flows out from the bottom of the stabilizing column. A part of it
goes to the gasoline hydrogenation unit as a gasoline product. The other part goes to the
absorption column as the supplementary absorbent.

2.2. Simulation Methods

First, we need to develop a strict kinetic model to find the refinery optimization
method. This work uses Aspen HYSYS V11 software [15], and the 21-lump kinetic dynamics
model [16] developed by AspenTech [17,18] is used to model the process mechanism based
on the actual production process data of the refinery. The simulation of the whole process
of the FCC unit of the refinery is shown in Figure 2. The model can solve heavy feedstocks
(boiling point above 510 ◦C), which the original 10-lumped model cannot solve. The default
component package selected in this simulation is “FCC Components Celsius.cml”. Since
most FCC systems are virtual components and light hydrocarbons, the thermodynamic
fluid package chooses the “Peng-Robinson” method [19]. For modeling the fluidized bed
reactor in the process, we selected the FCC module that comes with the software [20].
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First, specify the size of the reactor and the regenerator, then set the heat loss at
different positions to be 0, and then use the default correction factor to establish the initial
model. Next, we should input feed and catalyst information into the software. Then
configure the FCC operating variables to solve the initial model. After the solution is
converged, based on the current simulation situation, input the yield and performance
of the measurement process and then update the correction factor to achieve the effect of
correcting the initial model. Next, simulate the fractionation, absorption, and stabilization
systems. The fractionation column selects the absorption column model with top reflux.
The stripping column selects the absorption column model with a reboiler. The stabilization
column selects the rectification column model. The absorption column and the reabsorption
column both select the absorption column model [21].

3. Results and Discussion
3.1. Yield Analysis on the Model

After the previous work, we have obtained the process model and need to verify
its accuracy. First, compare the simulation results of the main product yields with the
steady-state data of the main product yields under actual operating conditions, as shown
in Table 1. We find that the deviation between the simulation yield of the main products
(LPG, gasoline, light diesel) and the actual operating conditions is relatively small.

Table 1. Comparison of calibration yield and simulation yield.

Product Name Calibration Yield (%) Simulation Yield (%) Deviance

LPG 22.3 18 0.19
gasoline 37.4 40.6 0.09

light diesel oil 21.3 23 0.08
dry gas 3.5 5.5 0.57
slurry 8.5 4.6 0.46

3.2. Comparative Analysis of the Main Operating Parameters of the Model

Next, compare the main operating parameters of the process simulation model with
the actual design parameter ranges, as shown in Table 2. We find that most of the simulation
parameters are within the design parameters. It is not distinct that individual parameters
are beyond the defined range.
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Table 2. Comparison of design value and simulation value of operation parameters.

Project Unit Design Control Scope Simulation Value

Settler pressure Mpa 0.218~0.318 0.300
Riser outlet temperature ◦C 475~535 518

Preheating temperature of feed oil ◦C 170~240 175
Regenerator top pressure Mpa 0.248~0.348 0.348

Regeneration dense phase temperature ◦C 660~720 680
Regenerator dense reservoir t 45~150 80

Fractionator bottom temperature ◦C 320~350 349.8
Fractionator top temperature ◦C 105~130 119.7

Top pressure of stabilizer Mpa 6>1.05 1.17
Analysis of tower top pressure Mpa 1.2~1.5 1.266

Reabsorber top pressure Mpa 1.1~1.4 1.200
Stabilizer bottom temperature ◦C 150~190 157.5

Bottom temperature of analytical tower ◦C 95~135 115
Absorber top pressure Mpa 1.1~1.4 1.3

3.3. Comparative Analysis of the Distillation Curves of the Main Products of the Model

Finally, whether we can get qualified products is a significant assessment indicator.
It requires oil product evaluation of the products [22]. We compare the product D1160
distillation data obtained by the process simulation with the D1160 distillation data of the
actual working condition calibration test, as shown in Figure 3. We can see from the figure
that the simulated data is in good agreement with the actual data. It also further confirmed
that the process simulation model obtains qualified results.
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3.4. Optimization of Improving Gasoline Yield

Gasoline yield is a typical complex function related to temperature, pressure, feed
quality, and catalyst oil ratio [23]. ROT [24] is an operational variable that is relatively easy
to manipulate to keep the unit feed constant. With the increase of ROT, the cracking of
the C5+ component and aromatics chain-breaking reaction will increase [1]. So, the yield
of gasoline is increased. In this paper, we use the Case Studies tool [25] to calculate the
gasoline yield of the unit under different ROT. The results are shown in Figure 4a. The
actual operating condition ROT is 518 ◦C, while the maximum gasoline yield ROT is 533 ◦C.
Nevertheless, there are other valuable products to consider. The yield of other valuable
products calculated by the study is shown in Figure 4c.
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The diesel yield decreases significantly at ROT of 533 ◦C. At the same time, the yield
of combustible gas (light gas) will increase rapidly, which indicates that the feed is over-
cracked [26]. Dry gas and fuel gas are not of great value and tend to overload the gas-rich
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compressor at the top of the tower [27]. In addition, as shown in Figure 4b, there is a
strong correlation between the coke yield of the catalyst leaving the riser and the ROT.
The more coke, the more utility consumption of regenerated catalysts will increase, so
the above factors narrow the acceptable range of ROT. We conducted a study based on
different maximized product production options for the refinery, as shown in Figure 4d.
If the refinery maximizes the production of gasoline and LPG, the ROT will be in the
range of 535~545 ◦C. It can increase the yield of gasoline and LPG by up to 5%. If the
refinery maximizes the production of gasoline and diesel, the ROT will be in the range of
510~520 ◦C. It can increase the yield of gasoline and diesel by up to 0.5%.

3.5. Optimization of Increasing the Capacity of the Unit

Refineries usually want to process more feedstocks as much as possible. Ideally, they
want the quality and yield of high value-added products (such as gasoline) to be stable
at a certain level [28]. The relationship between gasoline yield and unit feed is shown in
Figure 5. The gasoline yield decreased linearly with the increase of feed. The increase in
feed volume leads to a shorter contact time with the catalyst, which reduces the cracking of
the components and thus reduces the gasoline yield.
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We consider a production plan that can increase or stabilize the gasoline yield relative
to the capacity of the basic unit. We increase the ROT and the feed volume of the unit.
As shown in Figure 6, we can see that gasoline yield also increases as the ROT increases.
However, when the ROT reaches 540 ◦C, the gasoline yield will decrease rapidly due to
over-cracking. When the ROT is 530 ◦C, we can ensure the gasoline yield and increase the
feed rate to achieve a higher gasoline production by up to 14.3%. The refinery can adjust
operating parameters according to the pattern shown to achieve a production solution that
increases output and improves or stabilizes gasoline yields.
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In this paper, we use Aspen HYSYS to model the entire process mechanism of a FCC
unit and compare actual and simulated data to verify the accuracy of the model. At the
same time, we conducted a study on operating parameters optimization to increase the
yield of the main products and increase the production capacity. Moreover, we obtained
the optimized control range of the ROT with the relevant products as the main output. To
increase the total yield of gasoline and LPG, ROT should be within 535~545 ◦C; for gasoline
and diesel, ROT should be within 510~520 ◦C. To increase gasoline yield and output at the
same time, ROT needs to be adjusted to 350 ◦C. Through this research, a reliable refinery
process model has been established and can provide a reliable guiding basis for the actual
control and planning of the refinery.
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