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Abstract: In a continuous bioreactor, feed is added, and the product flow is removed at a constant rate. The objective is 

to maintain the system at a steady state with high product formation. This can produce a very productive 

process, with a low operating cost. However, there are operational challenges, especially on an industrial 

scale, because they require tightly controlled conditions and strong monitoring methods. For long operation, 

the system suffers a higher risk of contamination. This paper investigated the PID (Proportional integral 

Derivative) control strategy of a continuous bioreactor. Several tuning methods of PID controller were used 

for controller parameters determination (i.e., Direct Synthesis, Ziegler-Nichols (Z-N), and Tyreus-Luyben 

(TLC)). The results of the closed-loop simulation for servo (setpoint tracking) problems are presented in this 

paper for each method and compared. The results showed that the three method works well qualitatively. 

However, the process model of the system needs to be modified by introducing 5 hrs time delay, which is 

useful in obtaining cross over frequency and to make PID possible in the Direct Synthesis method.

1 INTRODUCTION 

An important aspect of bioprocess control is to lay 

down real-time operations that are stable, less 

susceptible to various disturbances, close to certain 

circumstances, or desired profiles compatible with an 

optimal operating condition (Dochain, 2008). 

Bioprocess control itself can be defined as providing 

an environment that is close to optimal so that 

microorganisms can grow to reproduce and produce 

the desired product. This includes providing the right 

concentration of nutrients (e.g., carbon, nitrogen, 

oxygen, phosphorus, sulfur, minerals), eliminating 

toxic metabolic products (e.g., CO2), and controlling 

important parameters (e.g., pH, temperature). 

The dynamics model for a bioreactor system has 

been available (Riggs and Karim, 2006).  Based on 

this model, Agustriyanto (2015) obtained the first-

order transfer function in the Laplace domain, which 

then successfully controlled by the Proportional 

Integral (PI) controller (2016). Simulation results of a 

closed-loop system with PI controller tuned by direct 

synthesis method have been presented (Agustriyanto, 

2016). 

The objective of this paper is to investigate the 

Proportional Integral Derivative (PID) control 

strategy of the above continuous bioreactor.  

In the next section (Method), the system being 

studied (continuous bioreactor) will be explained 

first, followed by its open-loop transfer function in 

the Laplace domain. PID control of the bioreactor 

system will also be discussed and followed by several 

tuning methods (Direct Synthesis, Ziegler Nichol, 

and Tyreus Luyben).  

Section 3 (Results and Discussion) mainly 

presenting controller parameters and their closed-

loop simulation results. 

2 METHOD 

2.1 Continuous Bioreactor 

The continuous bioreactor being studied is presented 

in Figure 1 (Riggs and Karim, 2006). The model 

based on first principle (mass conservation) for this 

system is presented as follows: 
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The cells consumed most of the substrate, and it 

was assumed that the cell growth followed Monod 

kinetics.  The process variables and parameters for 

this bioreactor model were given in Table 1. 

The feed contains sugar as a substrate (S) from 

grains (such as wheat, barley, corn, rice,  etc.) and 

nutritional salts to support cell growth (x). Cells (x) 

consume substrate (S) and produce product (P) and 

CO2. The air blower provides oxygen to cells. The 

exit gas consists mainly of nitrogen from the air, 

oxygen that is not consumed, and carbon dioxide 

produced by cells from sugar consumption. Cell 

concentration was measured with a turbidity meter, 

and substrate concentration was measured by an 

online HPLC analyzer. In industrial bio-processes, 

filters are normally used for all inlet and outlet flow 

to keep sterile conditions even though it is not shown 

in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Continuous bioreactor system 

 Table 1: Process variables and parameters 

Symbol Variables & Parameters Values & 

Units 

Fv Feed rate  1 m3/h 

Ks Monod’s constant 0.1 g/L 

P Concentration of product  1.25 g/L 

S Concentration of substrate  25 g/L 

SF Substrate concentration in 

the feed  

50 g/L 

t Time  h 

V Bioreactor volume 5 m3 

x Concentration of cell  0.25 g/L 

YxP Yield factor 0.2 g-cells/ 

g-product 

YxS Yield coefficient 0.01 g-cells/ 

g-substrate 

μmax The maximum specific 

growth rate 

0.2/h 

2.2 Process Transfer Function  

First-order transfer function in Laplace domain for 

this bioreactor system has been published before 

(Agustriyanto, 2015) by solving the model equation 

(i.e Equation (1) to (3)) subject to the steady-state 

parameters and values are given in Table 1 using DEE 

(Differential Equation Editor) in Matlab. The results 

were re-identified using the System Identification 

Toolbox. This method was previously explained in 

Agustriyanto and Fatmawati (2013) and Agustriyanto 

(2014). The results are as follows (where the mark bar 

indicates that the variables are in the form of 

deviation): 
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2.3 PID Control of Continuous 
Bioreactor  

Product (P) was chosen as the variable being 

controlled, and the flow rate to the reactor (FV) as the 

manipulating variable. Figure 2 shows the closed-

loop system for the continuous bioreactor. It was 

assumed that the transfer function for the 

measurement equipment and control valve are one, so 

they were ignored in the figure. 

PID mode was chosen for the controller, and as 

the system transfer function is first order, the Direct 

Synthesis tuning method (Seborg, 2010) or Ziegler-

Nichol and Tyreus-Luyben method can be applied. It 

was assumed that there were 5 hrs time delay, and it 

was used for tuning purposes only.  

The reason for using the Direct Synthesis is that 

we can specify the desired closed-loop transfer 

function, which is in this case: servo problem (Chen 

and Seborg, 2002). While Ziegler Nichol is a classical 

method that is still widely used due to its simplicity 

(Zalm, 2004).The Tyreus Luyben procedure is quite 

similar to the Ziegler Nichol, but the final controller 

setting is different.  
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2.4  Direct Synthesis (DS) Controller 
Tuning 

Direct synthesis for a first-order process will lead to 

a PI controller (Agustriyanto, 2016); therefore, for 

this system, another approach will be used. Here, 

FOPTD (First Order Process with Time Delay) is 

used since it will give PID. The derivation to obtain a 

PID setting can be found elsewhere, and the resulting 

PID is shown in Table 2. (http://inside.mines.edu/ 

~jjechura/ProcessDynamics/14_DirectSynthesis.pdf)

. It was also assumed that the value of λ = 5 hrs. 

 
 

 

 

 

 

 

 

 

 

Figure 2. Close loop of the bioreactor system 

2.5  Ziegler Nichols (Z-N) Controller 
Tuning 

To use the Ziegler-Nichols method, first, we need to 

plot the Bode diagram (Coughanowr, 2009). Table 2 

shows that controller parameters are the function of 

Ku and Pu. 

A
Ku

1
= = ultimate gain (5) 

co
uP



2
= = ultimate period (6) 

=A  amplitude ratio at the cross over 

frequency 

(7) 

=A  amplitude ratio at the cross over 

frequency 

(7) 

Table 2: Controller tuning formula 
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2.6  Tyreus Luyben (TLC) Controller 
Tuning 

Similar to the Ziegler-Nichols method, Tyreus-

Luyben controller parameters are also the functions 

of Ku and Pu 

(http://pages.mtu.edu/~tbco/cm416/zn.html). These 

functions are shown in Table 2. 

3 RESULTS AND DISCUSSION 

Figure 3 shows the Bode Plot for the system being 

studied. It was found the value of cross-over 

frequency = 0.944 with the amplitude of 0.000266 at 

cross-over. Therefore, by using Eq.(5) and (6): 

3759=uK  (8) 

6599,6=uP  (9) 

Figure 3. Bode plot 

Table 3 shows controller parameter values, which 

are calculated according to the formula shown in 

Table 2. 

The product concentration was successfully 

controlled using PID controller (Figure 4). This figure 

shows the performance of the PID controller tuned by 

three different methods (Direct Synthesis (DS), 

Ziegler-Nichols (Z-N), and Tyreus Luybean (TLC)). 

Here, the setpoint for product concentration was 

changed from initial (i.e., 1.25 g/L) to 1.2 g/L at t=100 
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hr, followed by a step up and down at t=300 hr and 

400 hr to the value of 1.225 g/L and back to 1.2 g/L 

Table 3: Controller tuning 

 Direct 

Synthesis 

Ziegler 

Nichols 

Tyreus 

Luyben 

cK
 

-840 -2255.4 -1708.6 

I  
105 3.33 14.6518 

D  
4.7619 0.8325 1.0571 

 

From simulation results shown in Figure 4, it can 

be concluded that the Ziegler-Nichols (Z-N) method 

of tuning will give the highest overshoot for step 

changes in setpoint, followed by Tyreus Luyben 

(TLC) and Direct Synthesis (DS). Therefore, Ziegler-

Nichols also fast in reaching its new steady-state 

value as expected by the set point. 

Figure 4. The plot of Product Concentration (P) vs. Time 

for PID Controller 

Figure 5 shows the performance of uncontrolled 

variables (i.e., x and S) vs. time. When the product set 

point reduced to 1.2 g/L at t=100 hr, it can be seen 

that cell concentration also reduced while the 

substrate was increased. This is caused by different 

signs in-process model gain for cell and substrate, as 

indicated in Eq.(4). 

Comparing to other published research (Husain et 

al., 2014), these results agree that Tyreus Luyben 

gave lower overshoot than Ziegler Nichols. While for 

Direct Synthesis, we specify the output as desired 

(i.e., no overshoot). 

Figure 5. The plot of Cell and Substrate Concentration for 

PID Controller 

4 CONCLUSIONS 

Simulation of a PID control strategy for a continuous 

bioreactor system has been performed. Three 

different tuning methods have been applied and work 

well. 

In implementing the method, the process model of 

the system needs to be modified by introducing a 5 

hrs time delay. This time delay should be small 

enough compared to its time constant. Here we 

choose about 5% of the time constant. This will help 

in obtaining cross over frequency in Bode plot, as for 

the first-order process without time delay will result 

of none. This time delay also useful in obtaining the 

PID parameter in the Direct Synthesis method as the 

original process model will lead to the PI (not PID) 

controller.  

REFERENCES 

Dochain, D. (2008). Bioprocess Control, John Wiley and 

Sons, Inc. 

Riggs, J.B., Karim, M.N. (2006). Chemical and Bioprocess 

Control, Pearson Prentice Hall. 

Agustriyanto, R. (2015). Simulation of Continuous Bio-

Reactor. In Proceedings of the Eight International 

Conference of Chemical Engineering on Science and 

Applications (ChESA), Banda Aceh, Indonesia. 

Agustriyanto, R., Fatmawati, A. (2013). Bioprocess System 

Identification of Continuous Fermentation, In 

Proceedings of the 2nd International Conference of the 

Indonesian Chemical Society, Yogyakarta, Indonesia 

0 50 100 150 200 250 300 350 400 450 500
1.18

1.19

1.2

1.21

1.22

1.23

1.24

1.25

1.26

Time, [hrs]

P
ro

d
u
c
t 

C
o
n
c
e
n
tr

a
ti
o
n
, 

P
, 

[g
/L

]

 

 

Set point

DS

Z-N

TLC

0 50 100 150 200 250 300 350 400 450 500
0.235

0.24

0.245

0.25

0.255

Time, [hrs]

C
e
ll
 C

o
n
c
e
n
tr

a
ti
o
n
, 

x
, 

[g
/L

]

 

 

DS

Z-N

TLC

0 50 100 150 200 250 300 350 400 450 500
24

25

26

27

Time [hrs]

S
u
b
s
tr

a
te

 C
o
n
c
e
n
tr

a
ti
o
n
, 

S
, 

[g
/L

]

 

 

DS

Z-N

TLC

ICONIT 2019 - International Conference on Industrial Technology

122



 

Agustriyanto, R. (2014). Model Identification of 

Continuous Fermentation under Noisy Measurements, 

In Proceedings of the 3rd International Conference on 

Computation for Science and Technology (ICCST-3), 

Denpasar, Bali. 

Agustriyanto, R. (2016). PI Control of a Continuous Bio-

reactor, In Proceedings of the  6th Annual International 

Conference (AIC) of Syiah Kuala University, Banda 

Aceh, Indonesia. 

Seborg, D.E., Mellichamp, D.A., Edgar, T.F. (2010). 

Process Dynamics and Control, John Wiley and Sons, 

Inc. 

Chen, D., Seborg, D.E. (2002). PI/PID Controller Design 

Based on Direct Synthesis and Disturbance Rejection. 

Ind. Eng. Chem. Res., 41, 4807-4822. 

Zalm, G.M. (2004). Tuning of PI/PID Controllers: 

Literature Overview.  

https://pdfs.semanticscholar.org/b1a8/a78f2e8b0f64b2953

8b83e2859d8b6365b43.pdf 

http://inside.mines.edu/~jjechura/ProcessDynamics/14_Di

rectSynthesis.pdf 

Coughanowr, D.R., LeBlanc, S.E. (2009). Process Systems 

Analysis and Control, McGraw-Hill’s.  

http://pages.mtu.edu/~tbco/cm416/zn.html.  

Hussain, K.M., Zepherin, R.A.R., Kumar, M.S. (2014). 

Comparison of Tuning Methods of PID Controllers for 

FOPTD System. International Journal of Innovative 

Research in Electrical, Electronics, Instumentation and 

Control Engineering, 2/3. 

Simulation of a Proportional-Integral-Derivative Control for Continuous Bioreactor

123



 



Home About Us Ethics of Publication Ethics of Review Contacts Sitemap

Login Sign-Up

Papers

Papers/2020

Search by any title, abstract, authors...

Research.Publish.Connect.

Proceedings of the 1st International Conference on Industrial Technology

September 11-12, 2019, in Balikpapan, Indonesia

Editors:
Andi Idhil Ismail
and
 Purwanto


Affiliation:
Insitut Teknologi Kalimantan, Indonesia

ISBN:
978-989-758-434-3

Conference Link: www.iconitconference.com

Foreword: We are delighted to welcome you to the International Conference on Industrial
Technology (ICONIT) by Institut Teknologi Kalimantan and Research Synergy Foundation as
official partner held on September 11-12, 2019 at Novotel Hotel, Balikpapan, Indonesia. The
theme of Conference is Recent Advances in Science and Engineering for Industrial Technology.
ICONIT 2019 International Conference shows up as a cutting-edge Technology, Science, and
Engineering Research platform to gather presentations and discussions of recent
achievements by leading researchers in academic research. It has been our privilege to
convene this conference. Our sincere thanks, to the conference organizing committee; to the
Program Chairs for their wise advice and brilliant suggestion on organizing the technical
program and to the Program Committee for their through and timely reviewing of the papers.
Recognition should go to the Local Organizing Committee members who have all worked
extremely hard for the details
(More)

Proceedings

https://www.scitepress.org/HomePage.aspx
https://www.scitepress.org/AboutUs.aspx
https://www.scitepress.org/EthicsOfPublication.aspx
https://www.scitepress.org/EthicsOfReview.aspx
https://www.scitepress.org/Contact.aspx
https://www.scitepress.org/Sitemap.aspx
https://www.scitepress.org/Login.aspx
https://www.scitepress.org/Signup.aspx
https://www.scitepress.org/Papers
https://www.scitepress.org/Papers/2020
https://www.scitepress.org/HomePage.aspx
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=746gJDcvwYM=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=9upu6lUy+Mw=&t=1
https://www.scitepress.org/AffiliationsProfile.aspx?Org=UplLOXWbXQrvT25oLq9DKPt4eCRtIM3Twat/j0cXSWY=&t=1
https://www.scitepress.org/UserControls/ProceedingsDetails/www.iconitconference.com?y=2019


Volumes:

Vol. 1 - 978-989-758-434-3

Papers Authors

Show 50 papers

Preparation and Characterization of Tungsten Trioxide (WO3) Particles and
Their Photocatalytic Performances for Methylene Blue Degradation

P. 5 - 11

DOI:10.5220/0009193000

Simulation Modelling of Warehouse Capacity Re-allocation to Improve
Inbound Logistics Performance: A Study Case

P. 12 -
20

DOI:10.5220/0009403300

Collaboration of Power Suppliers in East Kalimantan using Single Echelon
Economic Dispatch

P. 21 -
28

DOI:10.5220/0009403700

Hybridized Particle Swarm Optimization for Aircraft Inspection Check and
Continuous Airworthiness Maintenance Program

P. 29 -
35

DOI:10.5220/0009403900

Structural and Behavioral Validity using a System Dynamic Simulation
Approach: The Indonesian National Health Insurance System Problem

P. 36 -
45

DOI:10.5220/0009404300

The Prediction of Optimal Torrefaction Condition Palm Kernel Shell based on
Elemental Composition

P. 46 -
51

DOI:10.5220/0009405000

Performance of Crossflow Wind Turbine by the Variation of Blade Slope and
Diameter Ratio

P. 52 -
57

DOI:10.5220/0009405200

The Effect of Beeswax and Chitosan Concentrations as Superhydrophobic
Coating on Wound Dressing

P. 58 -
63

DOI:10.5220/0009405300

Design of Hydrofoil Craft for Balikpapan-Penajam Route P. 64 -
68

DOI:10.5220/0009405700

Lusi Ernawati
, Ruri Agung Wahyuono
, Inggit Kresna Maharsih
and
Ade
Wahyu Yusariarta

Muhamad Dinaryo
, I Nyoman Pujawan
and
Niniet Indah Arvitrida

 Wahyuda
,  Muslimin
and
Samdito Unggul Widodo

Asyraf Nur Adianto
and
Nurhadi Siswanto

Diva Kurnianingtyas
, Budi Santosa
and
Nurhadi Siswanto

 Karelius
, Made Dirgantara
, Nyahu Rumbang
, Komang Gde Suastika
, I
Dewa Gede Putra Prabawa
and
Lusi Ernawati

Diniar Mungil Kurniawati
, Aprian Dwi Prasetyo
, Gad Gunawan
and
Illa Rizianiza

Inggit Kresna Maharsih
, Fadhil Muhammad Tarmidzi
, Riza Alviany
,
Mela Aurelia
and
Sisca Ardelia Putri

 Alamsyah
, Wira Setiawan
,  Suardi
, R. Jamal Ikhwani
and
Luthfi Habibi

javascript:WebForm_DoPostBackWithOptions(new WebForm_PostBackOptions("ctl00$ContentPlaceHolder1$ProceedingsDetailsPage$ProceedingsDetailsSummary$PapersListTab", "", true, "", "", false, true))
javascript:WebForm_DoPostBackWithOptions(new WebForm_PostBackOptions("ctl00$ContentPlaceHolder1$ProceedingsDetailsPage$ProceedingsDetailsSummary$AuthorsTab", "", true, "", "", false, true))
https://www.scitepress.org/PublicationsDetail.aspx?ID=lf2UiBtahTo=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=YN/IeydnA7Y=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=7AdK3mbSAJc=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=xcqOxnqY5Rg=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=t2PZWxqLXEI=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=n8tRg1RX9PI=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=VxWQbk1OJlw=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=iN8Db4fykRc=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=Xf1UqJOMDQ4=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=1bKnqZtCL+w=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=D8irYNybbo8=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=S3pZb+dO+1E=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=8Ytak8i2J/c=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=2QnKb/IHhus=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=nCz+hHwydN4=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=mgxsCV5Iyjk=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=jC24KfT+Nek=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=c0pV9+BTgoU=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=Yof9cfAaDlg=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=0W5B+tijxso=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=yx7sP4svrMY=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=W9FfFqq89Kc=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=XO0ZY5qfijk=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=zTbfFUPa2wA=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=AdqlDqlKUY0=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=5y9jwrqY8zE=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=W8FRLmBsdBM=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=Pr3X+8OqUXA=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=zGdasE9Vxko=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=njVr3v6b550=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=edBEH2bDYlk=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=JPvx8dlYUKg=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=AFAGyz5b1mA=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=zHvkLnNjyDA=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=YMCx1xqLZPI=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=VMzTuGiL9OE=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=DmdmFTl8Bp8=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=CvSoZ08gqS8=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=5D7xxUwS72s=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=Vokbg8062tM=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=f4UMRvi7jbk=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=WGNUnnr9ZXI=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=1kEkhG4LDxQ=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=39OIHVlNPSQ=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=/fM0J2aBx+w=&t=1


Designing a Performance Measurement System at Science Technopark using
the European Union Model

P. 69 -
75

DOI:10.5220/0009405800

Measurement of Project Risk Management Maturity Level using Project
Management Maturity Model (PMMM): Case Research a Telecommunication
Company in Indonesia

P. 76 -
83

DOI:10.5220/0009405900

Design of Water Ambulance for Inland Waterways of Regency East
Kalimantan

P. 84 -
93

DOI:10.5220/0009406000

Electrolyte Membrane Composite from Modified Chitosan-Vanillin and
Zeolite Filler for Direct Methanol Fuel Cell Application

P. 94 -
99

DOI:10.5220/0009406100

Risk Management of Offshore Aquaculture Operations P. 100 -
108

DOI:10.5220/000942290

Designing Safety Maturity Level Questionnaire of Construction Project P. 109 -
114

DOI:10.5220/000942300

Simulation of Wind Turbines with Variation of Number of Blades and Blades
Angle on Turbine Performance

P. 115 -
118

DOI:10.5220/000942310

Simulation of a Proportional-Integral-Derivative Control for Continuous
Bioreactor

P. 119 -
123

DOI:10.5220/000942320

Analysis of Turbine Round Effect with the Voltage Generated in Micro
Hydroelectric Power Prototype

P. 124 -
128

DOI:10.5220/000942350

Mass Transfer Modeling of Acid Violet 17 Adsorption onto Activated Carbon P. 129 -
136

DOI:10.5220/000942370

Extending Lifetime of Wireless Sensor Networks by Distributing the Overload
on Cluster Heads

P. 137 -
143

DOI:10.5220/000942420

Lean Implementation on Production Process and Maintenance Practice for
Productivity Improvement

P. 144 -
149

Patdono Suwignjo
, Yulia Kurnia Ratri
and
Sri Gunani Partiwi

Akhmal Muammar Dwiki Rafsanjani
, Devi Pratami
, Achmad Fuad Bay
and
Ageak Raporte Bermano

 Alamsyah
, Wira Setiawan
, Taufik Hidayat
and
Aldera Alfianto

Anjas Badarani S.
, Gugus Handika
, Mochammad Purwanto
,
Edi Pramono
and
Cynthia Linaya R.

Putu Dana Karningsih
, Dewanti Anggrahini
, Agni Dipta Swastika
,
Novi Dwijayanti
and
Nur Syahroni

Anny Maryani
, Adithya Sudiarno
and
Ratna Sari Dewi

Achmat Hidayat
and
Andi Idhil Ismail

Rudy Agustriyanto
, Puguh Setyopratomo
and
Akbarningrum Fatmawati

Ain Sahara
, Frederikus Aly
, Riza Hadi Saputra
and
Meita Rezki Vegatama

Puguh Setyopratomo
, Hadiatni Rita Priyantini
and
Rudy Agustriyanto

Mohammed Kayed
, Ahmed Anter
and
Ahmed Hassan

https://www.scitepress.org/PublicationsDetail.aspx?ID=1bKnqZtCL+w=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=tnr9gM0QiWE=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=zCg6jX9QWv8=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=Le2CIrZ5wMo=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=UlBCYL+T4mc=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=5vyGNAsazFw=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=tP+/2Mmf4Rg=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=yudDt0ucZT8=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=jmQlpcrOhX4=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=PpyP99FqLsM=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=qcM49DlFG/8=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=YEpRxbOkmMg=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=rCJU8gpVEIc=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=rKWI3e9d8c0=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=jpx2U01hz+Q=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=VvWxvGUoGbg=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=NDJ9g7Op5eE=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=FhpKosIHZrQ=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=iLAAfCRRCjk=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=ML0m+wJytmA=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=xBLJpjGG/Kw=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=sfLqDrKRfXQ=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=lRQEb+FAj4g=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=xYP0Y3SBd4Y=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=vndINf6feyM=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=8+UiltBL/ME=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=o8gbF/puzDc=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=FxYU4PORxYw=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=cbOjYkqHqGg=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=yaXNy3YyGUc=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=6W2+s9HrY0A=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=lHaiyBM+fms=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=mlnkWDxORYA=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=P55DxC/lkgI=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=Lk+k4ng5LdA=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=OvoCOimPjNk=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=cKDPKdpXR88=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=UjoYg4z+3MY=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=P55DxC/lkgI=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=0CQ8P2TDHD4=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=1tXbW7I14y4=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=r0mNoj6pnd4=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=P0r5i75+Rpw=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=dEEmGKmOYWM=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=py7WOdXctD0=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=EOGk4f8NK3Q=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=EY7uxFMOUeM=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=KaklZOnnHsE=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=MD5DgyFdeDY=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=2GV+YqXIvK0=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=BLN2hwJYoYA=&t=1
user
Highlight



DOI:10.5220/000942430

Social Mapping Framework to Identify Readiness of Sustainable Community
based Offshore Aquaculture: Case Study - South Coast of Malang, Indonesia

P. 150 -
156

DOI:10.5220/000942440

Willingness to Pay for Critical Land P. 157 -
162

DOI:10.5220/000944310

Single Phase Power Sensing with Developed Voltage and Current Sensors P. 163 -
168

DOI:10.5220/000944320

Design and Implementation Buck-boost Converter using Arduino Mega 2560 P. 169 -
176

DOI:10.5220/000944330

Design of Ground Vehicle System Semi-autonomous Preceder Type for
Straight Path and Circular Path using Fuzzy Logic Method

P. 177 -
183

DOI:10.5220/000944340

Numerical Simulation of Combustion Characteristics on Tangentially Fired
Boiler with Different Yaw Angle

P. 184 -
190

DOI:10.5220/000944350

Analysis of Voltage and Electric Current in a Web-based Solar Power Plant P. 191 -
199

DOI:10.5220/000944460

Ergonomic Design of Electric Car’s Cockpit P. 200 -
203

DOI:10.5220/0009444802

Automation of Student’s Final Project Business Process using ProcessMaker:
Case Study - Institut Teknologi Kalimantan

P. 204 -
212

DOI:10.5220/0009444902

Arc Flash and ZSI Analysis for Personal and Equipment Protection in
Distribution System

P. 213 -
220

DOI:10.5220/0009445002

Heart Beat Monitoring Device with an Optical Sensor P. 221 -
225

Nani Kurniati
, Dewanti Anggrahini
, Dwi Kusumaningrum
and
Pantoki Ilham

Diesta Iva Maftuhah
, Putu Dana Karningsih
,  Silvianita
and
Yeyes Mulyadi

Sulistya Rini Pratiwi
, Erry Purnomo
and
Said Usman

Vicky Mudeng
, Himawan Wicaksono
, Andreas T. Destanio
and
Yusuf Nainggolan

Andhika Giyantara Giyantara
, David Christover
and
Yun Tonce
Kusuma Priyanto

Illa Rizianiza
and
Adhe Yusphie Panca Tentra Sandika

Rindra Hosanova
, Devy Setiorini Saadiyah
and
Diniar Mungil Kurniawati

Riza Hadi Saputra
, A. M. Miftahul Huda
, Ain Sahara
and
Yohanes
Robinson Deky Rohie

Abdul Alimul Karim
, Budiani Fitria Endrawati
and
Chandra
S. Rahendaputri

Muhammad Ghifari Fadhilah
and
Lovinta Happy Atrinawati

Firilia Filiana
, Yun Tonce Kusuma P.
, Kevin Qalby Andira
and
Mifta
Nur Farid

https://www.scitepress.org/PublicationsDetail.aspx?ID=16drpqRoNbI=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=eWFstFjQld0=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=Xyq+NxnvyGI=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=jQ0lx/zUDRI=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=YklNM/isrww=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=T5WZ9n0Wee4=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=7IHCX/W/gdA=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=0sMP332vYJ8=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=sInwQUMg0Cw=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=ZMjPVx9KuYY=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=W4UXx6+sUqY=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=fjTVbxdMyE0=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=JJ/ksYrH8UQ=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=g7kj1NQ6Qn4=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=KOoYRTxPP08=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=VoEeXnpTmg4=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=fDobe08llgM=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=7zh8xn6eXWg=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=XcXFGwcrgkY=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=SRiFoQvLHKM=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=OwOMQH+cff8=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=F+oYHHm4rc0=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=bsLlOawHHVA=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=wRMI9X/Y1+4=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=SwJRpk25ZCI=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=FRq1OJb4+2k=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=M+OsAuuBAww=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=OJt8XZM9xGk=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=2eehsp1QNtw=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=PsuZTzDXZI4=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=FwFA9oeSmNw=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=3GwdefvoXi8=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=zp2LuYLw6Mc=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=+eg0hCX/IKA=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=goOky3mBCIU=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=eJGAgGVuPqk=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=+umL2afmyvU=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=QPwQPIVEIAE=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=PQvX+lyzpQM=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=llsHZ24Br44=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=89KDkUbZyw0=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=b7PlABAbEqY=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=/47gO7YOxJM=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=3wOhGSxjrBg=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=iS6krtkIxuo=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=ixEOiG8xV10=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=pVcXEPqIfww=&t=1


RESOURCES CONTACTS EXTERNAL LINKS




DOI:10.5220/0009445102

Failure Risk Analysis on Screw Compressor using Failure Mode and Effect
Analysis (FMEA) Method

P. 226 -
232

DOI:10.5220/0009445202

Extraction of Garlic Oil using Microwave Ultrasonic Assisted Extraction
Method

P. 233 -
236

DOI:10.5220/0009445402

Study on the Effect Mno2-Deposited Carbon Nanofiber Mat and Their
Electrochemical Performance

P. 238 -
244

DOI:10.5220/0009445602

Shipyard Employees’ Motivation towards Safety Behavior: Factor Analysis
with Social Cognitive Theory Approach

P. 244 -
251

DOI:10.5220/0009445702

Characterization of Geopolymer Paste based on Fly Ash and Bottom Ash in
PLTU Kaltim Teluk using Sodium Hydroxide (NaOH)

P. 252 -
258

DOI:10.5220/0009445802

The Relationship between Leadership Commitment, Environmentally
Sustainable Operations and Firm Performance: Evidence from a Survey of
Ghanaian Manufacturing Firms

P. 260 -
265

DOI:10.5220/0009445902

Comparison of Anti-sway Gantry Crane Control System based on PID and
Fuzzy Logic Control

P. 265 -
271

DOI:10.5220/0009490302

Comparative Economic between Bat Algorithm (Ba) and Particle Swarm
Optimization (Pso) for Solving Economy Dispatch

P. 272 -
280

DOI:10.5220/0009490402

Budiani Fitria Endrawati
, Barokatun Hasanah
, Vicky Mudeng
, Kresna
Prasetya Pamungkas
,  Ramadhani
, Ahmad Maulana Rizki
and
Ezekiel
Miracle Bintang A.

Hendrik Elvian Gayuh Prasetya
, Joke Pratilastiarso
, Radina
Anggun Nurisma
, Sulkan Efendi
and
Fifi Hesty Sholihah

Achmad Ferdiansyah Pradana Putra
, Nanda Novalia Nabila
and
Sofia
Putri Salsabila

Rizka Ayu Yuniar
,  Widiyastuti
and
Heru Setyawan

Dyah Santhi Dewi
, Fasya Hana Zahda
and
Adithya Sudiarno

Andika Ade Indra Saputra
, Adrian Gunawan
, Latu Anggary
Putri Sukandar
, Yoel Gallaran Salurante
and
Intan Dwi Wahyu Setyo Rini

Benjamin Agyei-Owusu
and
Ebenezer Okpoti

Primarratna Setiyopamuji
, Fuad Fahmi
, Porman Pangaribuan
,
Erwin Susanto
and
Agung Surya Wibowo

Vicky Andria Kusuma
, Restu Mukti Utomo
, Lucky Dwi Saputra
and
Yuli Prasetyo

- Science and Technology Publications, Lda.

https://www.scitepress.org/PublicationsDetail.aspx?ID=hvm6Z0mifag=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=rwzP6lPcVqw=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=/1EnPxbaAB8=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=CU7PeM2zDFc=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=aRBrHhx+sWc=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=MXNhzdj42z4=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=d6ijEkjeAUY=&t=1
https://www.scitepress.org/PublicationsDetail.aspx?ID=r7XDH+Vh87k=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=v7hjlurHxAM=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=qPkyJEZc8Z4=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=tcnt98Rc9S4=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=gRliEbLb0Bs=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=nLT41po/FFs=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=MLu6knk6zj0=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=IDDpX2ZoQX8=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=5XUmFlDeyAA=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=dnpAuH8NLyU=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=aKPxNHxbC3c=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=IL51VgLe+c4=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=YKYHBTWZAgo=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=/50qn85kdXI=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=4cF/Oe9UTOk=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=TIj2MTw0oN0=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=5XznCsuW6Fs=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=DxBJt0PNKbE=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=UPgXN7P9muA=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=RMw4Gz7WfUs=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=BZbE0uMd6SE=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=tn6IasPJ8cI=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=dAC9i9iHXGg=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=tMwG5GJYKtA=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=rd1nf8MosPg=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=APpR9I3Lrrw=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=2lvJZ909S1A=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=Kso++tsaXw0=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=LjfN8lWkVtc=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=1sfOc5jjfHg=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=IoGeXAXKt/Y=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=W0Od8s0l5AA=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=83dXVa6lTaY=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=WFQ+cGekD+o=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=lpQyqJnBmj8=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=eBgRI/OtUro=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=82Q4XXeFAHE=&t=1
https://www.scitepress.org/PersonProfile.aspx?PersonAccountID=g6sUibp+2sc=&t=1


Proceedings

Papers

Authors

Ontology

Science and Technology
Publications, Lda

Avenida de S. Francisco
Xavier, Lote 7 Cv. C,

2900-616 Setúbal, Portugal.

Phone: +351 265 520 185

Fax: +351 265 520 186

Email: info@scitepress.org


PRIMORIS

INSTICC

SCITEVENTS

CROSSREF

PROCEEDINGS
SUBMITTED FOR
INDEXATION BY:
dblp

Ei Compendex

SCOPUS

Semantic Scholar

Google Scholar

Microsoft Academic

© 2021 SciTePress, Science and Technology Publications, Lda - All rights reserved.

0123movie.net

https://www.scitepress.org/ProceedingsList.aspx
https://www.scitepress.org/TopicsFilter.aspx
https://www.scitepress.org/Authors.aspx
https://www.scitepress.org/OntologyTree.aspx
mailto:info@scitepress.org
http://www.insticc.org/Primoris/
http://www.insticc.org/Portal/
http://www.scitevents.com/
http://www.crossref.org/
http://dblp.uni-trier.de/
http://www.engineeringvillage.com/
http://www.scopus.com/
https://www.semanticscholar.org/
https://scholar.google.com/
https://academic.microsoft.com/home



