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Abstract — An atmospheric distillation unit is an energy intensive process, which requires an advanced controller to maintain
the optimal operatingonditions. To investigate the feasibility for the em@ment of conventional controllers, PIDs, with advanced con-
trollers and to estimate thiyynamic responses of the process, the simulation of the model predictive control (MPC) structures
for the 65,000 BPSD atmospheric distillation unit was attempted. The performances of the MPC were compared with those of
proportional-integral-derivative control. The controlled variables were the flow rates of products such as heavy naphtha, ker-
osene, light gas oil and heavy gas oil. The transfer functions were calculated from the dynamic simulation based the steady-
state simulation of the process. In comparison with the conventional controller, we obtained more stable response from the
MPC algorithm for the control of the atmospheric distillation unit. It was also shown that the MPC had very small offsets for
the both of servo and the regulator problems.
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Fig. 1. Process flow diagram of atmospheric distillation unit.

Table 1. Operating conditions

Feed
Temperature
Pressure

Condenser
Temperature
Pressure

Reboiler
Temperature
Pressure
Flow rate

Product
HN
Kerosene
LGO
HGO

[°C]
[kgy/cn]

[°cl
[kgy/cr]

[°C]
[kgs/cm?]
[kmol/h]

[kmol/h]
[kmol/h]
[kmol/h]
[kmol/h]
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Table 2. Transfer functions between manipulated and controlled variables

FHN draw erro draw FLGO draw FHGO draw
E —-12.825 -13.123 -13.052 -13.038
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. -0.1046  0.0346** —0.00516°" 0.05288%%
kero 0.4s+ 1 0.8s+ 1 0.8s+ 1 0.8s+ 1
E -0.017 —-0.1291 0.4081 -0.022
LGO 0.1s+ 1 0.9s+ 1 0.5s+ 1 0.1s+ 1
. -0.024 -0.1014 -0.2246  -0.0104&%*
HGO 0.2s+ 1 s+1 1.2s+ 1 119s+ 1

Table 3. Transfer functions between disturbances and controlled variables

FFeed FHGO PA FLGO PA erro PA
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LGO 0.5s+ 1 6.3s+ 1 3.2s+ 1 35st+ 1
. —0.0514 0.8214 6.5394 0.34858%
HGO 0.8s+ 1 5.2s+ 1 4.6s+ 1 5.2s+ 1
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in comparison with PID controller.
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A : magnitude of step function
d . disturbance
i, j, Kk, :index of time step
M : shift operator
m : control horizon
n : number of time steps
p : prediction horizon
Q : weighting matrix
R : weighting matrix
r : reference trajectory
S : dynamic matrix about disturbance
s : dynamic matrix about manipulated variable
u : manipulated variable
\% : objective function in quadratic program
Y : predicted variable
y : output variable
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