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PREFACE

The 1* International Conference on Applied Sciences and Smart Technologies (InCASST 2023)
has been organized by the Faculty of Science and Technology, Sanata Dharma University,

Yogyakarta, Indonesia. This event was held on October 18—19, 2023, in Yogyakarta, Indonesia.

As an effort to contribute in distributing research outcomes, especially in the search for

renewable and clean energy, waste management, environmental management, and sustainable

agriculture. InCASST 2023 presented four honorable international keynote speakers from

representative countries: 1) Prof. Tokuro Matsuo, Advanced Institute of Industrial Technology

- Japan; 2) Prof. Ir. Sudi Mungkasi, Ph.D., Sanata Dharma University-Indonesia; 3) Assoc.

Prof. Dr. Peerapong Uthansakul, Suranaree University of Technology — Thailand, and 4) Assist.
Prof. Dr. Eng. Rando Tungga Dewa, The Republic of Indonesia Defense University-Indonesia.

This event selected local researchers and overseas fellows to share their best research works at

this conference to reach a broader network of researchers. After a rigorous selection process,

the Scientific & Editorial Board decided to publish 46 papers in E3S Web of Conferences,

open-access proceedings in environment, energy, and earth sciences, managed by EDP

Sciences, and indexed on Scopus, Scimago.

The published papers have passed all necessary improvement requirements following the Web
of Conferences standard, reviewer’s comments, and similarity tests by the Turnitin program.
We want to thank the official committee, scientific & editorial boards, and organizing partners.
Thanks to our co-host partners, Universitas Katolik Widya Mandala Surabaya, Universitas
Prasetya Mulya, and Institut Teknologi Nasional Yogyakarta, for trusting and supporting this
conference. Finally, we would like to briefly thank all presenters and attendees for their
participation in sharing wonderful ideas and making creative decisions to inspire further
research and exchange scientific reasons. We hope this time, all papers can be compiled into
scientific works as the first publication of the 2023 InCASST. Lastly, we hope this conference
encourages further research collaboration and see you at the next conference.

Assoc. Prof. Dr. Ir. Bernadeta Wuri Harini
Conference chair
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Modeling study of boiler using oil waste as an
energy source

Stefanus Suprianto', Tjendro', Martanto', and Bernadeta Wuri Harini'"

'Dept of Electrical Engineering, Sanata Dharma University, Sleman, Y ogyakarta, Indonesia

Abstract. Used oil waste is one type of waste that can be used as a source
of energy. Waste oil that is used in this research is used as energy source for
plasma burner and boiler plants. This final project is aimed at modeling a
boiler with 3 input variables and 3 output variables (MIMO - Multiple Input
Multiple Output). It's known that this MIMO system still exhibits
interactions among the variables. To mitigate these interactions, a decoupler
is designed. Subsequently, PID controllers are designed for this MIMO
system. The PID parameter values are obtained through modeling using the
Ziegler-Nichols method. The modeling is carried out based on the values
obtained from the Ziegler-Nichols calculations, which are then implemented
in Simulink within MATLAB. The test results indicate that employing a
decoupler reduces the interactions between the systems. Therefore, Ziegler-
Nichols and heuristic method is needed to find the PID parameter values. By
utilizing the heuristic method, the system achieves stability with the value
of Kp=2,1, Ki =0,005, dan Kd = 0 for the first variable, Kp =0,0315 Ki =
0, dan Kd = 0 for the second variable, and Kp = 0,007 Ki = 0, dan Kd =0
for the third variable..

1 Introduction

In Indonesia, lubricating oil (engine oil) has a consumption rate of up to 650 million liters
annually, with an increase of approximately seven to ten percent each year in the automotive
and industrial machinery sectors. If each oil consumption includes 20% of oil being burned
or wasted, then the remaining used oil amounts to about 520 million liters per year. Used oil,
which is a residue from engine maintenance, generates waste. The waste originating from oil
contains various substances that can pollute the air, water, and soil. Pollution caused by this
waste is highly hazardous and environmentally contaminating if no effort is made to utilize
the waste [1]. Therefore, used oil can be repurposed by converting it into an alternative fuel.
Fuel made from oil offers better economic value than kerosene [2].

Utilizing oil as a liquid fuel provides advantages compared to gas-based fuels due to its
higher energy density. Liquid fuel utilization also has benefits over solid fuels as it doesn't
leave behind ash or combustion residue [3]. Consequently, used oil can be utilized as a fuel,
one of which is to serve as burner fuel, such as in stoves [4]. The burner in power generation
facilities then heats a steam boiler. Subsequently, the heated water in the boiler produces dry,
high-temperature steam used to drive turbines [5].

* Corresponding author: wuribernard@usd.ac.id

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative
Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).
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The boiler within a power plant has several ontrollable and observable variables. In the
power plant under study, there are three input variables for the boiler: pressure, temperature,
and level (height), as well as three outputs: an inlet air valve, steam valve, and flame valve.
The variables present in a boiler require a system that can regulate and control these variables.
One chosen type of control is the PID (Proportional-Integral-Derivative) method. The PID
method is still widely used today as it possesses its uniqueness in each controlled plant [6].
The control system using PID is then applied by modeling the boiler system. Modeling is
conducted to illustrate various controls present in the boiler system [7].

In previous research, the modeling conducted was only applied to a specific variable, in
this case, temperature. In that study, the system successfully controlled the plant and achieved
the desired values. This control was achieved using the Ziegler-Nichols method [8]. In
another study, modeling was carried out using PID with two methods for multivariable
control systems. In this research, the Ziegler-Nichols method demonstrated advantages when
compared to the Quarter Decay-Ratio method. The former exhibited a faster rise time to
achieve system stability with a better settling time [9]. Another study involved designing a
boiler plant. Several observed variables in that research included the amount of steam
pressure produced, average exhaust gas temperature, required fuel quantity, and thermal
efficiency of the boiler. The results of this study yielded a thermal efficiency of the boiler at
61.65% [10].

This current research is designed to ascertain the system response in a boiler with multiple
variables. The modeling conducted will be applied to a boiler system that encompasses
several input and output variables, as previously elucidated.

2 Methodology

2.1 System modelling

The system modelling is determined using fit 1, fit 2, or fit 3 methods. For fit 1, this method

employs a tangent line that intersects with the reaction curve. By utilizing this method, the

values of ty and t can be determined and directly incorporated into the transfer function of

the system. The value of t0 represents the moment when the system starts to increase, while

the value of 7 is derived from the difference between the value at the intersection point of the

line and t0, symbolized as t3. To find the value of 1, the equation (1) can be utilized.
T=t3-to (1)

This method is almost similar to the fit 1 method, with the difference that in this method,
the value of T is obtained by calculating the difference between t2 and t0, as shown in equation
(2) below.

T=t-to (2)
The value of t; sought is derived from the calculation between two points, namely t = t0
+ 1. To obtain the value of t,, the calculation can be done by finding it using equation (3):

C(t,) = 0.632AC 3)

This method is an approach that does not rely on the value of the tangent line intersection,
as found in the previous two methods. To find the value of t0, the calculation is initiated to
determine the value of t;. The sought-after value of t; arises from the calculation between
two points, namely to + /3 and to + t. To obtain the value of t;, the calculation can be
performed by searching using equation (4). The calculation to find the value of t; is as
follows:

C(t)) = 0.283AC )
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Then, a calculation is performed to find the value of t using equation (5):
t=3/2 (Iz—tl) (5)
After obtaining the value of t, the value of t0 can be calculated using the formula present
in equation (2). Also in this phase, the value of K is obtained to calculate the decoupling
value and simply put into a 3x3 matrix [11].

2.2 Decoupler

Using the obtained graphs and transfer functions, the MIMO controller and decoupler design
are conducted. Therefore, the value of K is then calculated to find the right pair between
them. The value of K then used to determine B, which can be calculated using equation (6):
B=K"! (6)
From the equation provided, the obtained decoupling parameter values are from matrix B
and can be counted as follows:
Dyy(s) = Dyp(s) = Dy3(s) =1 (N

Dy, (5) :i—fi (8)
D3, (s) =g_~2 )
Diy(s) = B_Z (10)
Diy(s) = 2 an
Dy (5) =§— (12)
Dy (s) :g_z (13)

2.3 PID Controller

There are three parameters in the PID controller. These parameters consist of
proportional, integral, and derivative terms. Each parameter has its function and advantages.
The parameters are as follows:

2.3.1 Proportional control

Proportional control is a basic controller that calculates the control output value by
multiplying the proportional value with the error value from the controller's input, which is
the error. In other words, a proportional controller will produce an output signal that is
directly proportional to the magnitude of the correction needed by the system to achieve
stability. The equation for proportional control is as follows:

u(t) = Kp x e(t) (14)

The proportional control (P) provides a proportional input for a control system with an
error. In many cases, using only proportional control can result in a constant error value
(stationary error) unless the input value from the control system is zero and the process
system's value is equal to the desired value.

https://doi.org/10.1051/e3sconf/202447505002
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2.3.2 Integral control

Unlike proportional control, which multiplies the constant KP by the error value, integral
control aims to multiply the integral of the error value over time. The equation for integral
control is as follows:

t

u(®) = K, x f e(t)dt (15)
0

Ki is the integral constant that attempts to control the system to approach the set point
value by multiplying Ki with the integral of the error over time. Ki is usually combined with
the KP constant, and this combination has a main advantage: it can eliminate errors that occur
in steady-state conditions.

2.3.3 Derivative control

In derivative control, changes in the output that occur at the set point are directly proportional
to the rate of change over time of the error signal. Usually, the existing error value is
expressed as a percentage of the full output range. The control output is also expressed as a
percentage of the full output range. The equation for derivative control is as follows:

de(t)
dt

The derivative control KD is the value of the rate of error change. This control enhances
the system's response. Control D is typically used alongside Control P or PI as PD or PID
control. However, excessive application of Control D can lead to system instability. The
response from PD control provides a faster-rising response compared to a P controller.
Essentially, Control D exhibits the characteristics of a high pass filter on the error signal. By
using derivative control, the system can predict future errors and anticipate them. The
derivative controller knows that the rate of change of error is constant, and the control output
signal will be provided to the correction element [12].

u(t) = Kp x (16)

2.4 Ziegler Nichols

The Ziegler-Nichols method is one of the tuning methods proposed by two individuals,
namely Ziegler and Nichols. Ziegler and Nichols introduced this method in early 1942. This
method has a tuning formula obtained by applying a first-order plus dead time (FOPDT)
model to five plant models. The Ziegler-Nichols method is based on a closed-loop system.
The plant being tuned is arranged in series with a PID controller [13].

There are two ways to determine PID values using the Ziegler-Nichols method. One of
these methods is the step response method. This method is a classic approach that has been
around since 1942, yet it is still widely used in industrial processes as a foundation for tuning
control systems. The ZieglerNichols method requires a stable system process. In the step
response method, there are two parts symbolized by the variables L and T [14]. These
variables are obtained by drawing a tangent line at the slope point located at the maximum
step response value, as seen in Figure 1.
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y (1)
Step response
Kp = o m—

) Step response
Kp L

Fig. 1. Tangent line of Ziegler-Nichols tuning first method.

The PID parameters, consisting of proportional, integral, and derivative terms, are then
tuned using the formulas recommended by Ziegler-Nichols, as shown in Table 1.

Table 1. Tuning table using Ziegler-Nichols.

Controller | Kp Ti Td
P T/L 0 0
PI 09T/L | L/03| 0
PID 1.2T/L | 2L | 0.5L

2.5 Heuristic

Heuristic methods are approaches used to solve problems through trial and error. These
methods can be designed by making adjustments to variable values based on plant
performance. In the design of heuristics for PID, a search is first conducted for the values of
Kp, Ki, and Kd through several stages. These stages involve applying a proportional (P)
controller first, followed by assigning an integral (I) controller, and finally incorporating a
derivative (D) controller. The allocation and determination of these values are adjusted
according to the characteristics of the obtained system response [15].

3 Results

3.1 System modeling

The modeled system and determined transfer function are as follows:
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In this stage, simulations are conducted on equations (17) to (25), resulting in sequential
graphs as illustrated in Figures 2 to Figures 10.

S~
/

Time {minutc)

| | | |

Time (minue)

Fig. 3. Modelling result on equation (18).
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Temperature Level (-C)

Time (minute)

Fig. 4. Modelling result on equation (19)

i \\\. _
Fig. 5. Modelling result on equation (20).

o \\ 4

Fig. 6. Modelling result on equation (21).

Time (minute)

Temperature Level (-C)

Fig. 7. Modelling result on equation (22).

Time (minute)
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Temperature Level (-C)
P 5

Time (minute)

Fig. 8. Modelling result on equation (23).

B T T T
AN

Time (minute)

Fig. 9. Modelling result on equation (24).

Pressure level (psi)

| L I

Time (minute)

Fig. 10. Modelling result on equation (25).

3.2 Design and modeling with decoupler

In this section, the decoupler design is carried out using the obtained value of K from the
calculations in the previous stage. The value of K is then inserted into a 3x3 matrix in the
following order:

K =(-0034 -137 -0,185
-0,045 09 05839

Using equation (26), the calculation of the value of B is performed, which is the inverse
of the matrix K in equation (6). The calculation is conducted using the MATLAB program,

resulting as follows:

0,784 10,0872 541 }
(26)

-0,0283 -0,7043 0,0391

0,6362 —4,888 —7,4438
B = [ ] (27
0,0927 0,7088  1,0787

https://doi.org/10.1051/e3sconf/202447505002
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By obtaining the value of B, then the calculation of the decoupler could be done using
equation (7) to (13). The results if the calculations are then also inserted into a 3x3 matrix in
the following order:

1 6,815 -6,9
—0,0444 1 0,03622 (28)
—0,1457 —-1,0063 1

Also, the value 1 for the matrix of the decoupler shows that those are the right pair. That

equation would be used for the next step of the research, the Ziegler-Nichols method.

3.3 PID tuning using Ziegler-Nichols method

In this section, using appropriate pairs, the PID values can be determined using the PID
calculations. The values of T and L are obtained by drawing the tangent line as shown in
Figure 1. The design of PID values is as follows:

3.3.1 PID values for the level and air inlet valve pair

Using the graph from fit 3, a tangent line is drawn to determine the values of L and T, as
shown in Figure 11.

evel em)

Water [

lime {minute)
Fig. 11. Determination of L and T values in the pump on condition.

By plotting the line on the graph, the value of T = 1.8 and the value of L = 1 are obtained.
Then, the values for Kp, Ki, and Td are 2.16, 0.5, and 0.5.
3.3.2 PID values for the pressure and steam valve pair

Using the graph from fit 2, a tangent line is drawn to determine the values of L and T, as
shown in Figure 12.

Pressure Level (psi)

lime {minute)

Fig. 12. Determination of L and T values in valve on condition.
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By plotting the line on the graph, it is known that the value of T = 3 and the value of L =
1. Then, the values for Kp, Ki, and Td are 3.6, 0.5, and 0.5.
3.3.3 PID values for the temperature and fire valve pair

Using the graph from fit 2, a tangent line is drawn to determine the values of L and T, as
shown in Figure 13.

“Temperature Level (+C)

PR PRI SN T |
I—-—C----c-Jd--C-Jd--C

lime (minute)
Fig. 13. Determination of L and T values when the stove is on.

By plotting the line on the graph, the value of T = 18 and the value of L =2 are obtained.
Then, the values for Kp, Ki, and Td are 10.8, 0.25, and 1. Subsequently, after obtaining the
PID, decoupler, and transfer function values, simulations of the design results are conducted.
These simulations are performed using the MATLAB application. The graphs depicting the
modeling results with the obtained PID values from the previous calculations are shown in
Figures 14 to 16.

T T T

Water Level {cm)

Time {minute}

Fig. 14. Modeling graph of water when the pump is on.

T

Pressure Level (psi)

Time {minute}

Fig. 15. Pressure graph when the valve is on.

10
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“Temperature Level (-C)

Fig. 16. Temperature graph when the stove is on.

In these graphs, it can be observed that the desired system stability is not achieved.
Therefore, a heuristic method needs to be applied to search for PID values that can attain the
desired outcomes.

3.4 PID tuning using heuristic method

In this stage, PID values are designed using the heuristic method. This design process aims
to obtain the optimal PID values for the system. The heuristic design begins by initiating
experiments with assigned values for each PID parameter and observing the resulting graphs
displayed by the scope in MATLAB Simulink.

Initially, tuning is performed on the PID values that affect the system's behaviour when
the pump is on, the valve is off, and the stove is on. Through this tuning process, the best
values are determined as follows: Kp =2.1, Ki = 0.005, and Kd = 0. The graphical outcomes
of the tuning process can be observed in Figure 17.

DESRFLERIE]

Fig. 17. Tuning result for Kp = 0,0315 Ki =0, dan Kd = 0.

Furthermore, the system is tuned under conditions where the valve is on, the pump is off,
and the stove is off. The optimal values obtained from this tuning process are Kp = 0.0315,
Ki = 0, and Kd = 0, respectively. The graphical results of this tuning can be observed in
Figure 18.

11
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Fig. 18. Tuning result for Kp =0,0315 Ki =0, dan Kd = 0.

Next, the system is tuned under conditions where the valve is on, the pump is off, and the
stove is off. The best values obtained from this tuning process have PID values of Kp =
0.0315, Ki=0, and Kd = 0, respectively. The displayed graphical results can be seen in Figure
19.

Fig. 19. Tuning result for Kp = 0,007 Ki = 0, dan Kd = 0.

For the first variable, concerning water level increase, it is found that the value of rise
time (tr) is 0.92, and the settling time (ts) is 50. For the second variable, it is found that the
rise time (tr) is 11.7 and the settling time (ts) is 110. Similarly, for the third variable, the rise
time (tr) is determined as 48.25, and the settling time (ts) is 120.

4 Conclusions

Based on the testing and modeling results obtained from the data collection, the following
conclusions can be drawn:

1. The data collection process was appropriate, but there were some challenges in stabilizing
the temperature and pressure responses. This issue can be addressed by carefully designing
auxiliary lines to ensure proper modeling.

2. The modeling method using fit 2 is superior, as it provides a more accurate determination
of to and t, values.

3. Selecting the appropriate decoupler pairs involves choosing pairs with Relative Gain Array
(RGA) values having the largest positive values for each column and row.

4. Decoupling can effectively reduce interactions between variables.

5. The tuning performed using the heuristic method finds that the system achieves stability
with the value of Kp = 2,1, Ki = 0,005, dan Kd = 0 for the first variable, Kp =0,0315 Ki =
0, dan Kd = 0 for the second variable, and Kp = 0,007 Ki = 0, dan Kd = 0 for the third
variable.
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