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ABSTRACT

Temperature control is crucial because a glycerin heating process depends
significantly on the heat requirement. An uncontrolled increase in temperature above
the operating temperature and excessive prolonged heating can jeopardize the final
glycerine's oxidative stability. A glycerine heating process requires an efficient and
simple control system to provide a temperature that is gradually increasing without
showing significant overshoot and could settle in a reasonable time. Conventional
Proportional Integral Derivative (PID) controllers have significant disadvantages in
controlling temperature. They contribute to an increase in extreme temperature and a
longer settling time to reach the desired temperature. Therefore, the study aims to
build an improved temperature control system that can produce fast control signals
without overshooting the process. The study focuses on designing the heating process
and temperature control system loop using the Derivative Proportional Integral (DPI)
controller structure. The heating system operation uses the principle that the crude
glycerine is heated using heat transferred from the electrical heater mounted outside
the tank. The study covers the development of process input and output relationships
based on the experimental step input tests. The DPI controller is designed using the
proposed Nelder-Mead optimization algorithm method based on the Integral Absolute
Error (ITAE) performance criteria calculated using Simpson's one-third rule. The DPI
is a proposed controller which consists of the Proportional and Derivative control
actions that operate on process variables rather than error signals and generate fast
control signals to drive the process. The analysis was performed by comparing the
achievement of the control system criteria and its robustness to input changes with
conventional Ziegler-Nichols PID and the newer PID controllers. The results showed
that the optimal parameters were successfully achieved using the proposed
optimization algorithm. The DPI controller performs well in tracking the input
changes with no overshoot in temperature and achieves the fastest settling time of
3867.2 seconds. The developed glycerine heating process system has a great potential
for commercialization of the end-product.
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ABSTRAK

Pengendalian suhu sangat penting kerana proses pemanasan gliserin sangat
bergantung pada keperluan haba. Peningkatan suhu yang tidak terkawal di atas suhu
operasi dan pemanasan berpanjangan yang berlebihan dapat menggugat kestabilan
oksidatif gliserin akhir. Proses pemanasan gliserin memerlukan sistem kawalan yang
cekap dan mudah untuk memberikan suhu yang secara beransur-ansur meningkat
tanpa menunjukkan perubahan mendadak dan berupaya kekal dalam masa yang
munasabah. Pengawal Proportional Integral Derivative (PID) konvensional
mempunyai kelemahan yang signifikan dalam mengawal suhu. Ia menyumbang
kepada peningkatan suhu keterlaluan dan masa penyelesaian yang lebih lama untuk
proses mencapai suhu yang dikehendaki. Oleh itu, kajian ini bertujuan untuk
membina sistem kawalan suhu yang lebih baik yang dapat menghasilkan isyarat
kawalan yang cepat tanpa menggugat kestabilan suhu proses tersebut. Kajian ini
memfokuskan pada reka bentuk proses pemanasan dan gelung sistem kawalan suhu
menggunakan struktur pengawal Derivative Proportional Integral (DPI). Operasi
sistem pemanasan menggunakan prinsip bahawa gliserin dipanaskan menggunakan
haba yang dipindahkan dari pemanas elektrik yang dipasang di luar tangki. Kajian ini
merangkumi pembangunan hubungkait masukan dan keluaran proses berdasarkan
ujian input langkah secara eksperimental. Pengawal DPI dirancang menggunakan
kaedah algoritma pengoptimuman Nelder-Mead yang dicadangkan berdasarkan
kriteria prestasi Integral Absolute Error (ITAE) yang dikira menggunakan peraturan
sepertiga Simpson. DPI adalah pengawal cadangan yang terdiri daripada tindakan
kawalan Proportional dan Derivative yang beroperasi pada pemboleh ubah proses
dan menghasilkan sejumlah isyarat kawalan untuk menggerakkan proses. Analisis
dilakukan dengan membandingkan pencapaian kriteria sistem kawalan dan ketahanan
terhadap perubahan input dengan PID Ziegler-Nichols konvensional dan pengawal
terbaru. Hasil kajian menunjukkan bahawa parameter optimum berjaya dicapai
dengan menggunakan algoritma pengoptimuman yang dicadangkan. Pengawal DPI
menunjukkan prestasi yang bagus dalam mengesan perubahan input tanpa
peningkatan suhu secara mendadak dan mencapai masa penyelesaian terpantas 3867.2
saat. Sistem proses pemanasan gliserin yang dikembangkan mempunyai potensi yang
besar untuk pengkomersialan produk akhir.
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CHAPTER 1

INTRODUCTION AND THESIS OVERVIEW

1.1 Overview

The background of the research study is explained in Section 1.1 of the
chapter. In Section 1.2 of the chapter, the description of an issue that needs to be
addressed is followed. The significant contribution of the research study is set out in
Section 1.3 of the chapter. Section 1.4 outlines the research study's objectives, and

Section 1.5 outlines the scope and limitations of the research study.

1.2 Research Background

The glycerine purification process removes excessive free fatty acid (FFA)
content and contaminants in crude oil (Cowan, 1976) (Aiken, 2006) (List, 2010)
(Wan Isahak, et al., 2016) (Habaki, Hayashi, Sinthupinyo, & Egashira, 2019). The
process is vital for the production of pure glycerine used as the main ingredient in
many of the end-products produced by the pharmaceutical and food industries (Ardi,
Aroua, & Awanis Hashim, 2015) (Jungermann & Sonntag, 2018) (Wan Azelee, et
al., 2019).

On the industrial scale, purification is carried out in the distillation column
system using high-temperature steam, which is transferred to the internal column
packing for the separation of the crude from its components based on the differences
in volatilities (Abdul Raman, Hooi W., & Buthiyappan, 2019) (Sotelo, et al., 2019)
(Tan, Aziz, & Aroua, 2013) (Yong, Ooi, Dzulkefly, Wan Yunus, & Abu Hassan,
2011).



The standard process for glycerin purification involves three main stages,
namely mixing, heating, and filtering (Xiao, Xiao, & Varma, 2013). The mixing
process involves mainly applying activated carbon as an absorbent agent to the
process so that the undesirable compounds are absorbed and removed via filtration
(Farid, et al., 2021). In general, the mixing process can be performed either with or
without the heat generated. The mixing process that is carried out using the heat
generated is known as the heating process. The heating process is simply that of
maintaining the operating temperature for a sufficient time to allow the absorption to

take place to the maximum extent possible.

Heating is a vital stage of purification, where the purity of glycerine depends
significantly on the optimum operating temperature (Rich, 1964) (Rich, Some
Fundamental Aspects of Bleaching, 1970) (Chakrabarty, 2003) (Kim & Choe, 2005)
(Mici¢, et al., 2019). The operating temperature should be maintained as low as
possible but should high enough to obtain the desired process output (Aiken, 2006).
For instance, when the heating process is experiencing extreme temperature changes,
the changes should dissipate quickly to avoid oxidation instability. Therefore, the
temperature control system plays a crucial role in increasing efficiency and ensuring
the process output meets the desired specifications. In this case, the most crucial part
of the entire control system is the correct controller and control structure to ensure

optimum system performance.

1.3 Problem Statement

Maintaining and controlling temperatures for a typical heating process is
inherently difficult due to various factors such as process thermal response and slow
dynamic response due to process scale (Marlin, 2000). Finding an appropriate
temperature control structure for the glycerin heating process usually involves

comparing the control performance of different control structures.

The conventional Proportional + Integral + Derivative (PID) controller

structure is most widely used in the industry (Atherton & Majhi, 1999) (Dorf &



Bishop, 2011) (Deshmukh & Kadu, 2016). In this structure, the control output is
made up of the Proportional, Integral, and Derivative control modes which each
mode reacts differently to the error signals. However, there are certain drawbacks
associated with the controller. The disadvantage includes that the controller keeps
adjusting the power input to the heating elements, contributing a higher maximum
overshoot and exhibiting a longer response time in the output response. The high
percentage overshoot in the output response indicates the process experiencing
excessive temperature changes and considerable time to reach the desired

temperature (Atherton & Majhi, 1999).

Besides, there are several problems in the typical process plant to achieve
optimal control. The problems include the variations in process parameters, variable
conditions, interactions between parameters, and uncertainty in the model. In
general, plant design and construction often emphasize chemistry, cost, and safety
rather than control. Therefore, the best temperature control approach will generally
be ineffective if the glycerin heating process is not thoroughly understood and does

not correctly implement the regulatory controls.

The relationship between the control output and the process variables plays
an important role in designing and tuning the controller (Deshpande & Kadu, 2016).
The actual heating process dynamics are usually modeled using either first-order or
higher-order systems, depending mostly on the system design. Therefore, the
approximation behavioral dynamics of the glycerin heating process are best
determined by understanding how a control output responds to the process changes.
In this case, process plant design plays a key role in producing the desired process

dynamic behavior that is easy to compute and offers robust temperature control.

The existing distillation column system has some disadvantages, such as high
energy input requirements for steam generation, which involve high capital and
maintenance costs. The system is inefficient in terms of power consumption. The
process usually operates without considering the amount of heat required for the
process, and without the controller maintaining the steam temperature (Rodrigues,

Bordado, & Santos, 2017). Besides, the distillation operation will take at least 3



hours to complete the process and sometimes longer for a single process, followed by
deterioration problems that may affect significant glycerine losses (Sotelo, et al.,
2019). Furthermore, the distillation control system's characteristics are nonlinear,
complex models, and coupling effects between parameters (Anbarasan, Suji Prasad,

Meenakumari, & Balakrishnan, 2013).

Based on the factors mentioned above, the glycerin heating process requires
an efficient and easy to deliver process plant, and a simple temperature control
system to operate. Therefore, there is a continuing need for research into improving
the percentage overshoot and settling time of the glycerine heating process. There is
also a need for an improved process model to represent the glycerine heating process

for various purposes, including the temperature control system's design.

1.4 Significance of the Research

A developed small-scale glycerine heating process system using a closed
jacket-controlled tank controlled using DPI controller contributes to a system easily
implemented by a non-expert with a fast process duration. The heater installed at the
outer diameter of the closed jacket-controlled tank determines the uniqueness of the
system. The arrangement minimizes the heater's malfunction and, as a result,
contributes to the long service life of the heater, resulting in minimal system
maintenance costs. The system can also hold the tank's temperature within a specific
band around the set-point, without oscillation. The developed glycerin heating

process system has excellent potential for the commercialization of end-product.

Since many studies on the purification process are more focused on chemical-
based, the present study's findings are considered new in the glycerin instrumentation
and control system field. Although the input step test is a well-known and established
method, the developed glycerin heating process model differs from any related
publications in equipment and instrumentation systems. The developed process
model offers simplicity but holds the essential process dynamics without finding the

complex physics involved. Regardless of the type of input, the time constant is the



same, but the process gain depends on the relation between the controller output and

the process variable.

Another significance is that the glycerin heating process system ran
efficiently without exhibiting drastic temperature changes in the control loop and
settled in a reasonable settling time. The DPI controller keeps the system operations
running within the operating temperature, which the temperature is gradually
increasing without showing significant overshoot and settle in a reasonable time.
Furthermore, the system is easily operated by non-experts, whereby the optimal
parameters for the controller are automatically calculated by just inputting the initial

guess of the controller parameters.

Although the Nelder-Mead algorithm optimization technique is well-known
and well-established, the algorithm's implementation differs from any related
publications in the aspects of the input-output relationship, constraints, and objective
function. The technique is considered new to the DPI controller and the glycerin

heating process system as a whole.

1.5 Research Objectives

The main objective is to test the hypothesis that the proposed DPI controller
structure can maintain the glycerine heating process system within the operating
temperature by steadily increasing the temperature without demonstrating an
oscillating response and a sudden temperature rise. Three objectives are set as

follows to achieve the goal of the study:

(a) To construct an efficient glycerin heating process plant using industry-

standard equipment and instrumentation.

(b) To formulate the First Order plus Dead Time (FOPDT) model representing

the glycerine heating process dynamic.



(c) To design a DPI controller that maintain the temperature of the glycerine

heating process.

1.6 Scope of the Research

The study focused primarily on the temperature control system development
for the glycerine heating process. The development includes designing small-scale
hardware systems for the process based on the information gathered from the
literature. The hardware system component considers the transducer and actuator, the
interface between the process plant and the control unit, and the input and output

signal used for system operation.

The study also focuses on developing a process model for the glycerine
heating process. The model is developed and validated through experimental and
simulation works. The dynamic process behaviour from the developed hardware
system is judged under the standard step input test application. The step input used is
in the form of an industry-standard IEC60059 electrical current signal of 4 to 20 mA.
The main process parameters under consideration are the process gain, a time
constant, and delay time, which then approximates the FOPDT model. The validation
process includes comparing the approximated model to experimental data. The
Microsoft Excel and MATLAB R2017a Simulink software environment are used as a

simulation tool throughout the research analysis work.

In this study, the DPI controller with the three control actions, i.e. Derivative,
Proportional and Integral, is designed to deliver the control output at a desired
operating temperature of 85°C. The controller parameters adjustment only involves
the three controller gains using Direct Search Nelder-Mead Optimization algorithm.
The DPI controller evaluation is scoped to the transient response characteristic
analysis, specifically the rise time, percentage overshoot, and settling time. Apart

from that, the controller robustness performance is checked at an operating



temperature of 40°C and 85°C for input change tracking analysis. Detailed analysis
concerning the pole and zero, and steady-state criteria is outside the scope of this
study. The control performance analysis is a simulation using MATLAB R2017a
Simulink software environment. The Ziegler-Nichols tuning method, conventional
PID, and Integral-Proportional Derivative (I-PD) controller are used to verify the

overall DPI control performance.

However, the glycerin final product quality and type of sample is not
considered in the study. Despite this limitation, the study's findings are important
because techniques related to the instrumentation and control for the purification

process has not been discussed scientifically in the literature.

1.7 Thesis Outline

This thesis consists of six chapters. The content of each chapter is briefed in

the following paragraphs.

Chapter 1 presents the introduction and the research study overview. The
research study background is explained in Section 1.1.1 of the chapter. In Section 1.2
of the chapter, the description of an issue that needs to be addressed is followed. The
research study significance is set out in Section 1.3 of the chapter. Section 1.4
outlines the research objectives, and Section 1.5 outlines the research scope and

limitations.

Chapter 2 discusses a review of relevant literature for this study. The review
covers the glycerin purification process system presented in Section 2.2. In Section
2.3, the heating process model is reviewed. A literature review on the controller for
the temperature control system is presented in Section 2.4. A summary of the chapter

is presented in Section 2.5.

Chapter 3 sets out a description of the research methodology used for

conducting the research study. The chapter begins with Section 3.2, explaining the



process flow in completing the research study. The development of the glycerine
heating process system is briefly explained in Section 3.3. It followed with a brief
methodology on the process model determination in Section 3.4. Section 3.5 presents
the DPI controller design methodology. The system performance evaluations carried
out in this research study are presented in Section 3.6 of the chapter. A summary of

the chapter is presented in the last section of the chapter.

Chapter 4 comprises six sections. The chapter begins with Section 4.2, which
details the methodology on the glycerine heating process’s hardware development.
Section 4.3 describes the prototype of the glycerine heating system. Details
methodology of the glycerine heating process modeling is explained in Section 4.4.
The results are set out in Section 4.5 of the chapter. The overall analysis is presented

in Section 4.6 and follows a summary of the chapter in Section 4.7.

Chapter 5 details the design process and the performance analysis of the
proposed controller. The chapter begins with Section 5.2, which describes the design
and implementation of the PID controller for the glycerine purification process
system. It is followed by Section 5.3, which describes the results. System
performance analysis is presented in Section 5.4, and Section 5.5 summarizes the

content of the chapter.

Chapter 6 outlined the conclusions and the recommendation for future
research work. The chapter begins with Section 6.2, which shows the achievement of
the study. This section is divided into three subsections that explain each
achievement accordingly. Section 6.3 describes the recommended research work that
can be carried out in the future. A summary of the chapter is presented in the last

section of the chapter.



REFERENCES

Abdul Rahman, M. S., Aroua, M., & Hashim, N. (2015). Progress, Prospect and
Challenges in Glycerol Purification Process: A Review. Renewable and
Sustainable Energy Reviews (42), 1164-1173.

Abdul Raman, A., Hooi W., T., & Buthiyappan, A. (2019). Two-Step Purification of
Glycerol as a Value Added by Product From the Biodiesel Production
Process. Frontiers in Chemistry , 774.

Aiken, E. J. (2006). Purification of Glycerin. United States Patent .

Albagul, A., Efheij, H., & Alsharif, B. (2019). Comparison of Artificial Neural
Network Controller and PID Controller in Online of Real Time Industrial.
Process Control. International Journal of Control Systems and Robotics, 4,
27-32.

Alford, J., & Buckbee, G. (2020). Industrial Process Control Systems: A New
Approach to Education. AIChE John Wiley & Sons.

Anand, L., P.Poongodi, & Hepsiba.D. (2018). System Identification of a
Temperature Process. [International Journal of Pure and Applied
Mathematics Volume 118 No. 20, 3845-3850.

Anbarasan, M., Suji Prasad, S., Meenakumari, R., & Balakrishnan, P. (2013).
Modified PID Controller for Avoiding Overshoot in Temperature of Barrel
Heating System. 2013 International Conference on Emerging Trends in VLSI,
Embedded System, Nano Electronics and Telecommunication System
(ICEVENT) (pp. 1-5). Tiruvannamalai, India: IEEE.

Anjali, R., & Yadav, D. (2019). Evaluating Wiring Configurations for RTD Sensor
in  Temperature Measurement. i-manager’s Journal on Electronics
Engineering. 10. 1.

Aravind, P. V., & Pattanaik, B. (2019). Reliability of PID Controller for a Real Time
Sensor Interfaced Temperature Process. Semsors & Transducers; Toronto
Vol. 231, Iss. 3, 10-14.

Ardi, M., Aroua, M., & Awanis Hashim, N. (2015). Progress, Prospect and
Challenges in Glycerol Purification Process: A Review. Renewable and

Sustainable Energy Reviews, 1164-1173.

129



Asraf, H. M., Dalila, K. N., Hakim, A. M., & Hon, R. M. (2018). Development of
Experimental Simulator via Arduino-based PID Temperature Control System
using LabVIEW. International Journal of Electrical and Computer
Engineering, Vol. 9 No. 3, 1683-1693.

Atherton, D. (2016). PI-PD, an Extension of Proportional-Integral-Derivative
Control. Measurement and Control, 49(5), 161-165.

Atherton, D. P., & Majhi, S. (1999). Limitations of PID Controllers. Proceedings of
the American Control Conference, (pp. 3843-3847).

Atitallah, A., Bedoui, S., & Abderrahim, K. (2018). System Identification: Parameter
and Time-Delay Estimation for Wiener Nonlinear Systems with Delayed
Input. Transactions of the Institute of Measurement and Control, 40(3),
1035-1045.

Avani, M., & Rajaguru, S. (2018). Performance Evaluation of Conventional PID
Control Tuning Techniques For A First Order Plus Dead Time Blending
Process. Journal of Engineering Science and Technology. 13, 3593-3609.

Bart, J. C. (2010). Colorisation of the Glycerol by-Product from Biodiesel
Production. Woodhead Publishing.

Basu, A., Mohanty, S., & Sharma, R. (2017). Tuning of FOPID Controller for
Meliorating the Performance of the Heating Furnace Using Conventional
Tuning and Optimization Technique. International Journal of Electronics
Engineering Research. 9, 69-85.

Basu, S., & Debnath, A. K. (2019). Chapter 8 - Boiler Control System. In S. Basu, &
A. K. Debnath, Power Plant Instrumentation and Control Handbook (Second
Edition) (pp. 633-741). Academic Press.

Begum, A. Y., & Marutheeswar, G. V. (2016). Optimal Tuning of Controllers for
Cascade Temperature Control of Superheater Using Nelder Mead Algorithm.
WSEAS Transactions on Circuit and Systems Volume 15, 236-241.

Bela G. Liptak. (2018). Process Control and Optimization Volume Il Instrument
Engineers’ Handbook, Fourth Edition. ISA-The Instrumentation, Systems,
and Automation Society, Taylor & Francis.

Biologydictionary.net Editors. (2017, June 23). Glycerol. Retrieved from
https://biologydictionary.net/glycerol/

Bolton, W. (2021). Instrumentation and Control Systems. 3rd Ed., Elsevier Science
& Technology: Oxford, United Kingdom.

130



Budianto, A., Pambudi, W. S., Sumari, S., & Yulianto, A. (2018). PID Control
Design for Biofuel Furnace using Arduino. Telkomnika (Telecommunication
Computing Electronics and Control), 16,3016-3023.

Burn, K., & Cox, C. (2020). A Hands-On Approach to Teaching System
Identification using First-Order plus Dead Time Modelling of Step Response
Data. he International Journal of Electrical Engineering & Education, 57(1),
24-40.

Carlborg, H., & Iredahl, H. (2016). Modeling and Temperature Control of an
Industrial Furnace (Dissertation) .

Chakrabarty, M. M. (2003). Chemistry and Technology of Oils & Fats. Allied
Publishers.

Chakraborty, S., Ghosh, S., & Nask, A. (2017). I-PD Controller for Integrating plus
Time Delay Processes. IET Control Theory Appl, 11 (2017),3137-3145.

Chew, 1., Wong, F., Bono, A., Nandong, J., & Wong, K. (2020). Genetic Algorithm
Optimization Analysis for Temperature Control System using Cascade
Control Loop Model. Int. J. Com. Dig. Sys. 9, No.1, 119-128.

Chol, C., Dhabhai, R., Dalai, A., & Reaney, M. (2018). Purification of Crude
Glycerol Derived from Biodiesel Production Process: Experimental Studies
and Techno-Economic Analyses. Fuel Processing Technology, 178, 78-87.

Copot, D., Ghita, M., & Ionescu, C. (2019). Simple Alternatives to PID-Type
Control for Processes with Variable Time-Delay. Processes, 7(3), 146.

Cowan, J. (1976). Degumming, Refining, Bleaching and Deodorization Theory.
Journal of the American Oil Chemists Society, 53(6), 344-346.

Daraz, A., Malik, S., Saleem, T., & Bhati, S. (2017). Ziegler Nichols Based Integral
Proportional Controller for Superheated Steam Temperature Control System.
World Academy of Science, Engineering and Technology, Open Science
Index 125, International Journal of Electrical and Computer Engineering,
11(5), 601 - 605.

Datar, R. G., More, D. S., & Kamble, S. S. (2018). Performance Evaluation Of
Model-Based Controllers For Data-Driven Models of Temperature Control
System Employing Embedded Platform. 2018 International Conference on
Computing, Power and Communication Technologies (GUCON) (pp. 913-
918). Greater Noida, Uttar Pradesh, India: IEEE.

131



Datar, R., More, D., & Kamble, S. (2018). Performance Evaluation Of Model-Based
Controllers For Data-Driven Models of Temperature Control System
Employing Embedded Platform. 2018 International Conference on
Computing, Power and Communication Technologies (GUCON), (pp. 913-
918).

Deshmukh, G., & Kadu, C. B. (2016). Design of two degree of freedom PID
controller for Temperature Control System. 2016 I[EEE International
Conference on Automatic Control and Dynamic Optimization Techniques
(ICACDOT) (pp. 586-589). IEEE.

Deshpande, S. S., & Kadu, C. B. (2016). Design of Multi Scale PID Controller for
Temperature Process. 2016 IEEE International Conference on Automatic
Control and Dynamic Optimization Techniques (ICACDOT) (pp. 582-585).
IEEE.

Dhabhai, R., Ahmadifeijani, E., Dalai, A., & Reaney, M. (2016). Purification of
Crude Glycerol using a Sequential Physico-Chemical Treatment, Membrane
Filtration, and Activated Charcoal Adsorption. Separation and Purification
Technology, 168.

Dorf, R. C., & Bishop, R. H. (2011). PID Controllers in Modern Control Systems,
Ch. 7, p. 502. M. J. Horton, Ed. New Jersey, USA: Pearson Education, Inc.

Ellab A/S. (2019). 6 key Differences Between RTD’s and Thermocouples - White
Paper 02/19. Retrieved from ellab.com: https://www.ellab.com/wp-
content/uploads/2020/08/6-key-differences-between-rtds-and-thermocouples-
white-paper-ellab.pdf

Faraj, A. M., Albagul, A., & Muhammed, M. A. (2018). Enhancement of Control
Signal Using a Modified Parallel PID Controller. Universal Journal of
Control and Automation 6(1), 1-12.

Farid, M. A., Hassan, M. A., Roslan, A. M., Ariffin, H., Norrrahim, M. N., Othman,
M. R., & Yoshihito, S. (2021). Improving the Decolorization of Glycerol by
Adsorption using Activated Carbon Derived from Oil Palm Biomass .
Environmental Science and Pollution Research, 1-12.

Figoli, A. (2020). New Trends in Membrane Preparation and Applications.
Molecules. 25. 1132.

132



Galal A. Hassaan. (2014). On Simple Tuning of PID Controllers for Underdamped
Second Order Processes. International Journals of Mechanical and
Production Engineering Research and Development, 61-68.

Galal A. Hassaan. (2019). Tuning of a Modified I-PD Controller for use with a
Highly Oscillating Second-order-like Process. International Journal of
Computer Techniques — Volume 6 Issue 1,26-31.

Gani, M., Islam, M., & Ullah, M. (2019). Optimal PID Tuning for Controlling the
Temperature of Electric Furnace by Genetic Algorithm. SN Appl. Sci. 1, 8§80.

Goebel, E. H. (1976). Bleaching practices in the U.S. JAOCS, Vol. 53, Issue 6 Part 2,
pp-342-343.

Guedri, B., & Chaari, A. (2015). An Improved PID Control Structure for Unstable
Processes. 2015 16th International Conference on Sciences and Techniques
of Automatic Control and Computer Engineering (STA), (pp. 876-881).
Monastir, Tunisia.

Giiney, A., Temizkan, M., Tekin, S., Samuk, D. C., & Cakir, O. (2020). Temperature
Control of an Electric Furnace with Intuitive Control Methods. Turk. J.
Electrom. Energ. 5(1), 3-8.

Habaki, H., Hayashi, T., Sinthupinyo, P., & Egashira, R. (2019). Purification of
Glycerol From Transesterification Using Activated Carbon Prepared From
Jatropha Shell For Biodiesel Production,. Journal of Environmental Chemical
Engineering, 103-303.

Hajek, M., & Skopal, F. (2010). Treatment of Glycerol Formed by Biodiesel
Production. Bioresource Technology, 101, 3242-3245.

Hambali, N., Ang, A., Ishak, A. A., & Janin, Z. (2014). Various PID Controller
Tuning For Air Temperature Oven System. Hambali, N., Ang, A., Ishak,
A.2014 IEEE International Conference on Smart Instrumentation,
Measurement and Applications (ICSIMA) (pp. 1-5). Kuala Lumpur: IEEE.

Ishak, A. A., & Hussain, M. A. (2000). Reformulation of the Tangent Method for
PID Controller Tuning. 2000 TENCON Proceedings. Intelligent Systems and
Technologies for the New Millennium (pp. 484-488). Kuala Lumpur: IEEE.

Iuliis, V. D., Germani, A., & Manes, C. (2017). Identification of Forward and
Feedback Transfer Functions in Closed-Loop Systems with Feedback Delay.
IFAC-PapersOnLine, Volume 50, Issue 1, 12847-12852.

133



Jungermann, E., & Sonntag, N. O. (2018). Glycerin: A Key Cosmetic Ingredients.
Routledge.

Kasmin, H., Mat Lazim, A., & Awang, R. (2016). Effect of Heat Treatments on the
Yield, Quality and Storage Stability of Oil Extracted from Palm Fruits.
Malaysian Journal of Analytical Science. 20, 1373-1381.

Kaya, I. (2018). I-PD Controller Design for Integrating Time Delay Processes Based
on Optimum Analytical Formulas. 3rd IFAC Conference on Advances in
Proportional-Integral-Derivative Control, IFAC-PapersOnLine, Volume 51,
Issue 4 (pp. 575-580). Ghent, Belgium: Elsevier.

Kaynak, G., Ersoz, M., & Kara, H. (2004). Investigation of the Properties of Oil at
the Bleaching Unit of Oil Refinery. Journal of Colloid and Interface Science,
vol.280, 131-138.

Kealy, T., & O'Dwyer, A. (2010). Comparison of Open- and Closed-loop Process
Identification Techniques In The Time-Domain.Wismar Symposium on
Automatic Control. Wismar Symposium on Automatic Control. Wismar,
Germany.

Ketthong, T., Tunyasirut, S., & Puangdownreong, D. (2017). Design and
Implementation of I-PD Controller for DC Motor Speed Control System by
Adaptive Tabu Search. International Journal of Intelligent Systems and
Applications, (9), 69-78.

Kim, 1., & Choe, B. (2005). Effects of Bleaching on the Properties of Roastered
Sesame Oil. Journal of Food Science, Vol. 70, 48-52.

Kongjao, S., Damronglerd, S., & Hunsom, M. (2010). Purification of Crude Glycerol
Derived From Waste Used-Oil Methyl Ester Plant. Korean Journal of
Chemical Engineering - Korean J Chem Eng. 27, 944-949.

Kovécs, A., Czinkota, 1., & Toth, J. (2012). Improving Acid Number Testing of
Biodiesel Feedstock and Product. J. Am. Oil Chem. Soc. 89, 409-417.

Kumar, A., Garg, P., Shankar, A., & Kar, N. (2019). Implementation of a
Temperature Control Process Trainer Through PID Controller Designed with
Siemens S7-1200 PLC and HMI. In S. S. Bera R., Advances in
Communication, Devices and Networking. Lecture Notes in Electrical

Engineering, Vol 537 (pp. 453-460). Singapore: Springer.

134



Kurien, M., Prayagkar, A., & Rajeshirke, V. (2014). Overview of Different
Approaches of PID Controller Tuning. International Journal of Research in
Advent Technology Vol. 2 Issue 1, 167-176.

Lakerveld, R., Benyahia, B., Heider, P., Zhang, H., Wolfe, A., Testa, C., Barton, P.
(2015). The Application of an Automated Control Strategy for an Integrated.
Organic Process Research & Development 19, 1088—1100.

Li, H., Li, R., & Wu, F. (2020). A New Control Performance Evaluation Based on
LQG Benchmark for the Heating Furnace Temperature Control System.
Processes 2020, 8, 1428.

List, G. R. (2010). Bleaching and Purifying Fats and QOils: Theory and Practice.
AOCS Publishing.

Lokesha, E., Marappan, G., Ramasamy , D., Patel, B., Banakar, P., Deginal, R.,
Mahesh, M. (2017). Crude Glycerol: By Product of Biodiesel Industries as an
Alternative Energy Source for Livestock Feeding. Journal of Experimental
Biology and Agricultural Sciences, Vol. 5(6).

Madugu, J. S., & Vasira, P. G. (2018). Modeling and Performance Evaluation of P,
PI, PD and PID Temperature Controller for Water Bath. American Scientific
Research Journal for Engineering, Technology, and Sciences Volume 47, No
1, 186-200.

Mahmood, Q. A., Nawaf, A. T., Esmael, M. N., Abdulateef, L. T., & Dahham, O. S.
(2018). PID Temperature Control of Demineralized Water Tank. /OP Conf.
Ser.: Mater. Sci. Eng. 454 (pp. 1-10). IOP Publishing Ltd: Istanbul, Turkey.

Majhi, S., & Atherton, D. (1999). Modified Smith Predictor and Controller for
Processes with Time Delay. [IEE Proceedings Control Theory and
Applications, Volume 146 (pp. 359 -366). IEE.

Marlin, T. E. (2000). Process Control Designing Processes and Control Systems for
Dynamic Performance. 2nd Ed. McGraw Hill International Editions.

Mbaocha , C. C., Ubbaonu , C. F., Ugoh , C. A., & Inaibo, D. S. (2018).
Improvement of Dyeing and Weaving Hot Water Temperature Control
System Response Using a PID Controller. International Research Journal of
Advanced Engineering and Science Volume 3, Issue 2, 287-289.

Mi¢i¢, R., Tomi¢, M., Martinovi¢, F., Kiss, F., Simiki¢, M., & Aleksic, A. (2019).
Reduction of Free Fatty Acids in Waste Oil for Biodiesel Production by

135



Glycerolysis: Investigation and Optimization of Process Parameters. Green
Processing and Synthesis, 8(1), 15-23.

Miguel, S. A., Lara, J. G., Cena, C. E., M.Romero, Maria, J. M., & Gonzalez-
Aguilar, J. (2017). Identification Model and PI and PID Controller Design for
a Novel Electric air Heater. Automatika 58:1, 55-68.

Milad Faraj, A., Albagul, A., & Abdulla Muhammed, M. (2018). Enhancement of
Control Signal Using a Modified Parallel PID Controller. Universal Journal
of Control and Automation. 6(1), 6-12.

Morad, N. A., Aziz, M. A., & Zin, R. M. (2006). Process Design in Degumming and
Bleaching of Palm Oil. Malaysia (MY): Centre of Lipids Engineering and
Applied Scince University of Technology.

Mulyana, T. (2015). A Nonparametric System Identification Based on Transient
Analysis with Plant Process of Heat Exchanger as Case Study. International
Journal of Innovation in Mechanical Engineering & Advanced Materials
Vol.1 (No.1),19-26.

Muresan, C. 1., & Ionescu, C. M. (2020). Generalization of the FOPDT Model for
Identification and Control Purposes. Processes, 8(6), 682.

Nair, R., & Mohan, K. R. (2016). Control of Temperature Using PID Controller.
International Journal of Science and Research (IJSR) Volume 5 Issue 3,
1203-1206.

Nguyén, N., Vu, T., Pham, C., Bui, H., & Dao, D. (2019). Design a Temperature
Control System Using Halogen Lamp. Advances in Engineering Research
and Application, Proceedings of the International Conference on Engineering
Research and Applications, ICERA 2019 (pp. 215-219). Springer.

Niegodajew, P., Marek, M., Elsner, W., & Kowalczyk, L. (2020). Power Plant
Optimisation—Effective Use of the Nelder-Mead Approach. Processes, 8(3),
357.

Niemann, H., & Miklos, R. (2014). A Simple Method for Estimation of Parameters
in First order Systems. Journal of Physics: Conference Series. 570.

NithyaRani, N., & GirirajKumar, S. M. (2014). Particle Swarm Optimization
Technique for Temperature Process. International Journal for Scientific
Research & Development| Vol. 1, Issue 12,2321-0613.

Nor Shah, M., Zailan, N., Zainal Abidin, A., Halim, M., Annuar, K., Azahar, A.,
Yaakub, M. (2019). PID-Based Temperature Control Device for Electric

136



Kettle. International Journal of Electrical and Computer Engineering, Vol. 9
No. 3, 1683-1693.

Okolo, J. C., & Adejumo, B. A. (2014). Effect of Bleaching on Some Quality
Attributes of Crude Palm Oil. Journal of Engineering, 4, 12.

Oliveira, P. M., & Hedengren, J. D. (2019). An APMonitor Temperature Lab PID
Control Experiment for Undergraduate Students. 2019 24th IEEE
International Conference on Emerging Technologies and Factory Automation
(ETFA) (pp. 790-797). IEEE: Zaragoza, Spain.

Onat, C. (2019). A New Design Method for PI-PD Control of Unstable Processes
with Dead Time. IS4 Transaction, Volume 84, 69-81.

Padhy, P., & Majhi, S. (2006). Relay Based PI-PD Design for Stable and Unstable
FOPDT Processes. Computers & Chemical Engineering, Volume 30, Issue 5,
790-795.

Pagliaro, M., & Rossi, M. (2010). Future of Glycerol. 2nd Ed. Royal Society of
Chemistry.

Pal, P., Chaurasia, S. P., Upadhyaya, S., Agarwal, M., & Sridhar, S. (2018). Glycerol
Purification using Membrane Technology. Membrane Processes; John Wiley
& Sons, Inc.: Hoboken, NJ, USA, 431-463.

Patterson, H. B. (1976). Bleaching practices in Europe. Journal of the American Qil
Chemists’ Society, 53(6), 339-341.

Pavan Kumar, Y. V. (2013). Cascaded PID Controller Design for Heating Furnace
Temperature Control. IOSR Journal of Electronics and Communication
Engineering. 5, 76-83.

Picou, J. W. (2012). Glycerin Reformation in High Temperature and Pressure Water.
Doctoral Dissertations, Missouri University of Science and Technology.

Pitt, F. D., Domingos, A. M., & Barros, A. A. (2019). Purification of Residual
Glycerol Recovered From Biodiesel Production. South African Journal of
Chemical Engineering, 42-51.

Pooja Khatri, & Manjeet Dalal. (2013). Implementation of Genetic Algorithm to
Temperature Control System. Int. Journal of Engineering Research and
Applications, Vol. 3, Issue 6, 1868-1871.

Poongodi, P., Madhusudhanan, R., & Prema, N. (2016). Implementation of
Temperature Process Control using Soft Computing Techniques. Proceedings

of the World Congress on Engineering. London, UK: Semantic Scholar.

137



Prasad, S., Selvakarthi, D., & Aravind, C. (2019). Set Point Tracking and Load
Disturbance Rejection with PID and I-PD Controllers in Different Zones of
Barrel Heating System. International Journal of ChemTech Research. 12,
109-113.

Preethi, G. (2019). Design of Temperature Controllers for Industrial Applications
using Lab VIEW. International Journal of Innovative Research in
Technology, Vol 6, Issue 5, 178-183.

Puah, C., Choo, Y., Ma Ah, N., & Chuah, C. (2004). Degumming and Bleaching:
Effect on Selected Constituents of Palm Oil. Journal of Oil Palm Research
Vol. 16 No 2, p. 57-63.

Puangdownreong, D., Nawikavatan, A., & Thammarat, C. (2016). Optimal Design of
I-PD Controller for DC Motor Speed Control System by Cuckoo Search.
Procedia Computer Science, Volume 86, 83-86.

Rich, A. D. (1964). Some Basic Factor in the Bleaching of Fatty Oils. Journal of the
American Oil Chemists’ Society, 41(4), 315-321.

Rich, A. D. (1970). Some Fundamental Aspects of Bleaching. JAOCS, Vol. 47, 560-
564.

Rodrigues, A., Bordado, J. C., & Santos, R. G. (2017). Upgrading the Glycerol from
Biodiesel Production as a Source of Energy Carriers and Chemicals—A
Technological Review for Three Chemical Pathways. Energies, 10(11), 1817.

Sain, D. (2016). PID, I-PD and PD-PI Controller Design for the Ball and Beam
System: A Comparative Study. IJCTA, 9(39), 9-14.

Sarif, M., Kumar, D., & Rao, M. (2018). Comparison Study of PID Controller
Tuning using Classical/Analytical Methods. International Journal of Applied
Engineering Research Volume 13, Number § , 5618-5625.

Seban, L., Boruah, N., & Roy, B. K. (2018). Development of FOPDT and SOPDT
Model from Arbitrary Process Identification Data using the Properties of
Orthonormal Basis Function. International Journal of Engineering &
Technology 7 (2.21), 77-83.

Singh, Y., Kumar, J., Pandey, K., Rohit K., & Bhargav A. (2016). Temperature
Control System and its Control using PID Controller. Int. Journal of
Engineering Research & Technology (IJERT) Volume 4 — Issue (2.

138



Sinlapakun, V., & Assawinchaichote, W. (2016). PID Controller Based Nelder Mead
Algorithm for Electric Furnace System with Disturbance . Transactions on
Computer and Information Technology, 10, 71-79.

Smith, C. A., & Corripio, A. B. (2006). Principle and Practice of Automation
Process Control. 3rd ed. John Wiley & Sons Inc.

Soria, M. S., Cordova, D., Camacho, O., & Leica, P. (2020). A Comparison of
Different Temperature Control. 2020 IEEE ANDESCON, Quito (pp. 1-6).
Ecuador: IEEE.

Sotelo, D., Favela-Contreras, A., Lozoya, C., Beltran-Carbajal, F., Dieck-Assad, G.,
& Sotelo, C. (2019). Dynamic Simulation of a Crude Oil Distillation Plant
Using Aspen-HYSYS. International Journal of Simulation Modelling, 229-
241.

Supriyo, B., Dadi, S. W., Wisaksono, A., Astuti, S., & Utomo, K. (2018). PID Based
Air Heater Controller Implemented With Matlab/Simulink And Arduino Uno.
2018 5Sth International Conference on Information Technology, Computer,
and Electrical Engineering (ICITACEE) (pp. 28-32). IEEE: Semarang.

Tan, H. W., Aziz, A. A., & Aroua, M. K. (2013). Glycerol Production and Its
Applications as a Raw Material: A Review. Renewable and Sustainable
Energy Reviews, 118-127.

The Soap and Detergent Association. (1990). Glycerine: An Overview. Retrieved
from http://www.aciscience.org/docs/Glycerine -an_overview.pdf

Tridianto, E., Ariwibowo, T. H., Almasa, S. K., & Prasetya, H. E. (2017). Cascaded
PID Temperature Controller for FOPDT Model of Shell-and-Tube Heat
Exchanger based on Matlab/Simulink. 2017 International Electronics
Symposium on Engineering Technology and Applications (IES-ETA) (pp.
185-191). IEEE: Surabaya.

V. Muresan et al. (2016). Temperature Modelling and Control In A Tunnel Heat-
Treatment Furnace. 2016 20th International Conference on System Theory,
Control and Computing (ICSTCC) (pp. 245-250). Sinaia, Romania: IEEE.

Wan Azelee, N., Ramli, A., Abdul Manas, N., Salamun, N., Che Man, R., & El
Enshasyi, H. (2019). Glycerol In Food, Cosmetics And Pharmaceutical
Industries: Basics And New Applications. International Journal of Scientific

& Technology Research.

139



Wan Isahak, W., Md Jahim, J., Ismail, M., Nasir, N., BA-Abbadi, M., & Yarmo, M.
(2016). Purification of Crude Glycerol from Industrial Waste Experimental
and Simulations Studies. Journal of Engineering Science and Technology,
1056 - 1072.

Wang, Z., & Wu, F. (2020). An Improved Method for PID Control of Time-Delay
Systems. Journal of Physics: Conference Series 2020 International
Conference on Applied Physics and Computing. 10P Science.

Xiao, Y., Xiao, G., & Varma, A. (2013). A universal Procedure for Crude Glycerol
Purification from Different Feedstocks in Biodiesel Production: Experimental
and Simulation Study. Industrial & Engineering Chemistry Research, 52(39),
14291-14296.

Yong, K. C., Ooi, T. L., Dzulkefly, K., Wan Yunus, W. M., & Abu Hassan, H.
(2011). Refining of Crude Glycerine Recovered from Glycerol Residue by
Simple Vacuum Distillation. Journal of Oil Palm Research, 39-44.

Zhaosheng LI. (2016). The Optimization Design of PID Controller Parameters Based
On Particle Swarm Optimization. Proceedings of the 2016 5th International
Conference on Advanced Materials and Computer Science (pp. 460-464).
Atlantis Press.

Zheng, M., Huang, T., & Zhang, G. (2019). A New Design Method for PI-PD
Control of Unstable Fractional-Order System with Time Delay. Complexity,
vol. 2019, 12.

Zhu Xi, Du Chunlin, Feng Yao, Wang Jing, & Zhu Lin. (2020). Temperature Control
Optimization for Heat Pipe Based on Particle Swarm Optimization. Journal
of Physics: Conference Series. 1617.

Zou, H., & Li, H. (2017). Improved PI-PD Control Design using Predictive
Functional Optimization for Temperature Model of a Fluidized Catalytic

Cracking Unit. IS4 Transaction, Volume 67, 215-221.

140



Appendix A Objective Function Programming

%0bjective function for finding out TF of machine using
objective function

$ITAE=int of 0 to inf[ (t*abs(e(t))*dt]

$simpson 1/3 rule is used for integration

function f=fobs(x,t _end, h)

global kc

global ti

global td

global y out

global ti me

kce=x(1);

ti=x(2);

td=x(3);

tt=(0:h:t _end);

[ti me,y out]=sim('ipd simulinkl', tt);

l=length (ti me);
f=(ti me(l)*abs(y out(l,1)-y out(l,2)));% scope output 1 and 2

o

(1,1) means lst element of the 1lst output

o

(2,3) represents 2nd element of the 3rd output
£=0;
for 1i=2:2:1-1

f=f+4* ((ti me (i) *abs(y out(i,1)-y out(i,2))));
end
for i=3:2:1-2

f=f+2* ((ti_me (i) *abs(y out(i,1l)-y out(i,2))));
end

f=(h/3)*£;
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Appendix B Main Programming

%main program

global kc

global ti

global td

global y out

global ti me

x0=[0.8 1990 212];%initial estimation controller parameters
results=[];

error=[];

t _end=12000;

h=-1;%sample time

x=fminsearch (@fobs,x0, [],t _end, h);

% [X, FVAL, EXITFLAG, OUTPUT] =fminsearch (@fobs, x0, [],t end, h,options)
%options = optimset ('Display', 'iter', '"MaxIter',20);

results = [results ; x(1) x(2) x(3)]
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Appendix C Piping & Instrumentation Diagram for Glycerin Heating Process

NaOH

MV-12 MV-11 .y AN
— kg > TN
BV-2
>
MV-10 QlC
» RV-3 II
T Sénsor
HV-3 ‘ i &
G2 - HEATER
=
Mixing i
cv-3 Tank
MV-13
P3
LEGEND
LS LEVEL SWITCH cv CHECK VALVE TIC TEMPERATURE CONTROLLER
PRV PRESSURE RELIEF VALVE FP CUSTOM FILTER PRESS Qic PH CONTROLLER
HV HAND VALVE DP DOSAGE PUMP P PUMP/MOTOR
BV BUTTERLY VALVE TE TEMPERATURE ELEMENT A AGIGATOR
MV MANUAL VALVE G PRESSURE GAUGE INDICATOR

143




114 4{

114 4{

Appendix D Wiring Diagram for Motorised Stirrer and Heater
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Appendix E  Wiring Diagram for Pump
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