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ABSTRACT

Deodorizer column is one of the most important units of operation in the palm oil refining process. The column itself
consists of tray column at bottom half and packed column at top half. To get an optimum composition of the bottom
product and FFA recovery, a good controlling system needs to be installed. The proposed controlling system is a PID
controller where the manipulated variables are the rate of sparging steam and the rate of cold FFA. This research is
done through simulation with Aspen®, while the physical and chemical properties data are taken from Bailey’s book
on vegetable oil. This research aims to find the steady-state simulation for the process. Next, we observe the dynamic
response based on feed temperature, feed composition, and feed flow rate. Two different tuning methods are intro-
duced. That is the Ziegler-Nichols setting and an IMC-based PID setting. A step-change in set point and load were
introduced and the dynamic performance was evaluated using IAE calculation. The result showed that the best con-
troller for the tray column is IMC based PID controller with Rivera 1 tuning, while for the packed column the best
tuning is Ziegler-Nichols method.

Keywords: PID controller, tuning, FFA, CPO, Aspen.

1. INTRODUCTION

Crude palm oil (CPO) is a semi-finished product
made from palm fruits. Crude palm oil will be distributed
to many other industries that need them as raw material,
for example in the production of margarine, soap, frying
oil, etc.

Frying oil is one of the household's daily needs which
has an important role in cooking. Frying oil can give a
crispy texture to food. Frying oil derived from CPO will
go through four steps of processing, which are
degumming, bleaching, deodorization, and fractionation.

Deodorization is a process that has the purpose to
remove unpleasant odor in CPO which has to go through
a bleaching process. The oil that has gone through the
bleaching process is called Bleached Palm Qil (BPO). An
unpleasant odor that presents in the oil is caused by the
presence of Free Fatty Acid (FFA). The Deodorization
column has a purpose to remove FFA by contacting the

oil with steam so it can produce Refined, Bleached, and
Deodorized Palm Qil (RBDPO) which will go to the
fractionation process. The FFA content must be specified
as the standard specification. On the other hand, FFA that
had been taken by the steam will be condensed and stored
as Palm Fatty Acid Distillate (PFAD).

A Control system with several variables needs to be
done to get the FFA composition inside RBDPO as
specification and to get optimum PFAD production. This
goal can be reached by controlling the steam input, and
the recycled FFA which performs as a condensation
medium for FFA. Usually, in real-world industry, this
control mechanism is still done manually by humans
which can result in human error and inconsistency at the
product output. Therefore, automatization for the
controlling system needs to be built to get an accurate and
quick result.

Few examples of controller types are Proportional-
Integral-Derivative (PID) controllers. Process control’s
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goal is to keep the controlled variable at a set point and
to reduce disturbance influence in the system. PID
controller is a type of controller which uses a feedback
loop and already has wide applications in real-world
industry. On the other side, Internal Model Controller
(IMC) uses the assumption of the process output to
produce analytical calculations for the system. This
research is done to get a compatible design for the
deodorizer control system in the production of frying oil
from CPO and also to compare the performance between
PID controller which tuned conventionally using Ziegler-
Nichols and IMC.

2. METHODS

The method used in this research is by simulating it with

Aspen®. PFD used is based on the deodorizer column

which is already running at PT. XYZ. This research runs

on some specified variables which are:

e Manipulated variable : steam flowrate, cooling FFA
flowrate

e Response variable : RBDPO composition in bottom
deodorizer product and FFA composition in dirty
steam

e Disturbance variable
temperature, Feed flowrate

Some research limitations are as follows.

e FFA substances that which be used in the simulation
are Palmitic Acid and Oleic Acid, since they occupy
a large fraction of FFA present. The same goes for
Trigliseride components which are Tripalmitin and
Triolein.

e Simulation is done to reach 99% purity of RBDPO in
bottom product of deodorizer

e For simulation, deodorizer column is split into two
parts, tray column for bottom column and packed
column for upper column. This is done to make
simulation, observation, as well as transfer function
modelling easier. In reality, however, the two
internals are incorporated in a single column and are
not separated whatsoever.

The research steps are as follows.

1. Steady State Simulation

First the steady-state simulation is made and run in Aspen
Plus® to get the steady-state of the system. Here is
the design of the simulation.

2. Dynamic Response Simulation

The steady-state simulation is exported to Aspen Plus
Dynamics®. Controllers and readings are added to
the simulation.

3. Process Transfer Function Calculation

Feed temperature, Feed

The simulation then runs without the controllers and

responses of the system are recorded on a graph. The
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system transfer functions are then derived and calculated
from the graphs. The system transfer functions are then
derived and calculated from the graphs.
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Figure 2. P&ID Design for Aspen®.

4. Controller Parameter Calculation
Based on the transfer functions and the tuning method
that will be used, calculations are done for all of the
controller’s parameters such as Kec, tl, and tD. The
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basic consistency is also checked to eliminate the tun-
ings that do not meet the required parameters to pro-
vide stable results.

5. Controller simulation setup
Activate the controller and set the parameters of a
tuning to their respective controller. This process will
be done for each tuning parameter. Also set the
readers to each variable that is being observed

6. Set point and Disturbance test
A variable change is introduced into the system. The
response and IAE is then recorded

7. Results and Discussion
The result is then tabulated and discussed to deter-
mine the best tuning method for each variable con-
trolled.

3. RESULTS AND DISCUSSION.

3.1 Steady State Result
The important flowrate of the simulation are
tabulated as follows.

Table 1. Steady State Value

Line Flowrate Temperature
(kg/hr) (°C)
Feed CPO 13,000 230
Steam 600 120
Bottom RBDPO 12,576.67 223.8
Product
Recycle 1,100 70.13
Top PFAD Product 406.64 181.47

3.2 Transfer Function Calculation

Based on the result calculated, the best control
scheme is to control the fraction of FFA in bottom
product using steam flowrate, and to control the fraction
of FFA in dirty steam using recycle flowrate. Then the
transfer function equation is derived from FOPDT
approach. Since there are two manipulated variable and
two controlled variable, this system uses a 2x2 MIMO
control scheme to operate.
Where, the controlled variables are

Xsp’ : Palmitic Acid Mass Fraction in
Bottom Product (Dimensionless)
Yap’ : Palmitic Acid Mass Fraction in Dirty

Steam (Dimensionless)
And the manipulated variables are

S’ : Steam Flowrate (kg/minute)

R’ : Recycle Flowrate (kg/minute)
Based on the equation model, we can see that changes
in recycle flowrate do not hold any transfer function
against the fraction of FFA in bottom product since there
are no stream present that flows from packed column into
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tray column. For the best result it is to pair Xsg” with S’,
and to pair Ysp’ with R’. The dead time process is not
apparent in the simulation, so the value of measurement
for dead time used is about 1.59 minute. The transfer
function between manipulated and controlled variables
are as follow.

__ X3p/(s) _ —0.000222¢~ 1595
Gp11 = - (1)
S1(s) 0.267s+1
_ X3B(8) _
Orz =Ty =0 0
__Y3p/(s) _ 0.00832¢~ 1598 )
pat Si(s) - 1.74s5+1
Gy = Yip(s) _ —0.00521e~1598 @
P22 7 Ri(s) T 235s+1

The gain process of all of those transfer function has unit
of (kg/min)/mass fraction in matrix form, it can written
as MIMO 2x2 model as followed.

XBI‘B(S)] _
Y3p(s)
-0.000222¢~1/59 0 ,
0.267s+1 S (5)] )
0.00832¢ 1595 -0.00521e"15%5 | | R'(s)
1.74s+1 2.35s+1

3.3 Controller Parameter Calculation
The two tuning methods used in this research are

ziegler-nichols and IMC-based PID tuning. For IMC-
based PID method, there are currently three sub-methods
that may be applied, those are:

1. t¢/6 > 0,8 and ¢ > 0,17 (Rivera, 1986)

2. 1> 1c > 0 (Chien and Fruehauf, 1990)

3. 1c = 0 (Skogestad, 2003)
From those conditions, Rivera has another 2 methods that
may be applied. For ease of use, we will call the tuning
parameter tc = 0,80 as Rivera 1 and tuning parameter tc
= 0,17 as Rivera 2. Chien and Fruehauf method is not
applicable in this system as the tc is smaller than 0. For
that reason, IMC-based PID tuning will use three tuning
calculation: Rivera 1, Rivera 2, and Skogestad method.
The result of tuning calculations are tabulated as below.

Table 2. Controller Tuning Parameters.

Li?;&% Loop Kec T i 1)
Ziegler- G -2,970.15 1.84 0.459
Nichols Ge | -345.07 | 262 0.654
Rivera 1 Ga | -2,3166 | 1.06 0.2
Ge | 29232 | 3.15 0.594
Rivera 2 Ga | -5,82181 | 1.06 0.2
Ge | -586.06 | 3.15 0.594
Ga | -2,005.78 | 1.06 0.2
Skogestad |5 T o537 3.15 0.594
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One thing to note is the Kcu of this system is 4,950.25
for the first loop and 575.11 for the second loop. The
results in Table 1 shows that the Kc of Rivera 2 surpasses
their respective Kcu which in theory will provide
unstable results.

3.4 Run Result and Analysis

To determine the best tuning method, we use
Integral Absolute Error (IAE). The best tuning method is
shown with the smallest IAE number. The step change
that had been given are 13,000 kg/hr into 13,000 kg/hr
for feed flow rate change, 230°C into 240°C for feed tem-
perature, 0.0197 into 0.025 for palmitic acid mass frac-
tion in feed change, 0.00186 into 0.0015 for loop 1 set
point change, and 0.021 into 0.018 for loop 2 set point
change. The results shown below are for the changes
made in set point change and feed temperature. The left
figure shows response in first loop, while the right figure
shows the response in the second loop. The blue line rep-
resents the controlled variable which are Xsg for left im-
age and Y3p for right image. The green line represents the
controller output or manipulated variable response which
are S for left image and R for right image. The horizontal
purple line represents the set point of each controller.
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Figure 6. Response for IMC Rivera 1 Tuning for Feed

Flowrate Change.
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Figure 14. IAE Result for Loop 2.

As expected from the high Kc value of Rivera 2 that
surpasses the Kcu, simulation provides unstable response
for all disturbance variables and set point change. The
IAE will then not be calculated and included in this
research.

From the graph, we can conclude that IMC-based
PID gives the best result for first loop at every added
disturbance and set point change, while Ziegler-Nichols
method shows best tuning to be applied for second loop.
Since the first loop is not affected by the second loop, the
IAE number is purely of the controller’s performance.

The ratio of 1l/zD for Ziegler-Nichols is around 4
and the ratio of tI/tD for IMC-Based PID is 5, Ziegler-
Nichols method will have a longer time to reach the
desired setpoint, whilst the gain of Ziegler-Nichols is the
highest of all tuning methods resulting in higher response
altitude that provides higher response and longer
duration required to reach set point. This shows a
preference for Rivera 1 tuning in the first loop for its
faster response. Another point is that a faster response
gives faster input for the second loop and will more likely
improve the response for the second controller. For the
second loop, the controller does not work independently,
but with the resulting changes from both disturbance and
the first controller. Based on the IAE result, the ZN
tuning method gives the best response. This is due to the
rather little differences in tI and tD compared to the first
loop’s tuning parameters that make the time required for
each response to be similar enough, though it can be seen
that the ZN method has a smaller tI which coupled with
higher Kc gives the best IAE result for the second loop.
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4. CONCLUSION
Based on simulation results, First loop which controls
Palmitic Acid fraction in bottom Tray Column by manip-
ulating steam flowrate is best controlled using Ziegler-
Nichols tuned PID controller. The second loop which
controls Palmitic Acid fraction in top Packed Column by
manipulating recycle flowrate is best controlled using
Rivera 1 tuning. The tuning parameters are as follows.
Table 3. Best Controller Tuning and Parameters.

Riveral-Loop 1l ZN —Loop 2
Kc -2,316.6 -345.07
T 1,06 2,62
™ 0,2 0,654
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