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Abstract

A digital twin (DT) is an automation strategy that integrates a physical plant with an
adaptive, real-time simulation environment, with bidirectional communication between
them. In process engineering, DTs promise real-time monitoring, prediction of future con-
ditions, predictive maintenance, process optimization, and control. Dashboards for pro-
cess monitoring are becoming increasingly relevant for tracking key metrics and super-
vising industrial units in real time. Supervisory Control and Data Acquisition (SCADA)
systems are widely used for process automation, with ScadaBR, an open-source, freely
licensed platform. This work presents the development of a computational tool that inte-
grates the Aspen HYSYS/Python with the ScadaBR system for real-time monitoring and
supervision of dynamic models. The virtual plant, which replicates the system’s physical
behavior, was connected to the SCADA platform via the Modbus protocol, enabling bidi-
rectional data exchange between the simulated model and the supervisory interface. The
system supports operational analysis and control strategy validation. Two case studies
were analyzed: (i) a simplified catalytic hydrocracking process, implemented in the Py-
thon environment, and (ii) a heat exchanger networks process, simulated using the HY-
SYS simulator. In the second case, the process was dynamically simulated, with real-time
monitoring of a simple dynamic indicator that correlates the feed methane concentration
with heat transfer fluids. The results demonstrate the feasibility and applicability of the
proposed approach for educational purposes, operator training, and process engineering
validation, fostering a more realistic and interactive simulation environment. Further-
more, the results show that the tool is promising for dynamic monitoring of environmen-
tal and energy indices, demonstrating that methane consumption relative to process feed
can be evaluated and controlled over time.
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widespread adoption of open-source software, the automation of industrial processes at
various scales has become more accessible. The most modern supervisory and control sys-
tems encompass not only process visualization but also enable the operator to interact
with the system and ongoing processes, making an accessible interface essential for proper
process understanding. SCADA systems can achieve this result, ranging from simple ap-
plications to full control panels [2].

There is an increasing demand for performance, quality, and flexibility in industrial
facilities. Therefore, developing SCADA systems is crucial, as they facilitate a specific in-
teraction between users and the supervised process [3]. In most cases, SCADA solutions
provide a Human-Machine Interface (HMI) for control room operations. Control graphic
interfaces that represent the plant’s status in real time, including icons, animated icons,
numbers, graphs, and flows. Additionally, it allows sending commands to the control net-
work to change parameters, turn switches on or off, control valves, and more. [4]. Accord-
ing to Senk et al. (2024) [5], as the industrial world transitions to more advanced and in-
terconnected infrastructures, the potential benefits of leveraging algorithms for enhanced
monitoring, control, and decision-making in SCADA systems become evident, including
process safety and cybersecurity [6,7].

According to [2], the inflated cost of SCADA systems makes automation of small pro-
jects infeasible. For this reason, there is robust growth in the use of open-source software,
which drives its technological development.

Some developers have integrated dynamic models into SCADA systems. In the work
of Zou et al. (2003) [8], a dynamic simulator for operator training in small-scale chemical
production processes was developed and used to support process operation and optimi-
zation. The authors used linear first- and second-order models to represent process dy-
namics. SCADA Configuration Software, CENTURY STAR, was used to develop the
graphical user interface (GUI) of the operator-training simulator. Scholl and Rocha (2016)
[9] developed open-source SCADA software (ESSA), designed for small and scientific ap-
plications. The tool enables integration with experimental plants, where HMI can be made
available directly on the equipment via touch displays or remotely via a mobile/web in-
terface. Rodriguez et al. (2016) [3] developed a software architecture for educational la-
boratories that utilize industrial virtual plants. Commercial software, such as MATLAB,
was used to develop dynamic models. The results demonstrated improved understanding
of the relationships among different didactic units and the procedure for developing a
SCADA system in an industrial environment. Bagal et al. (2018) [10] developed a real-time
control system using a SCADA and MATLAB OPC Toolbox. The design and implemen-
tation were carried out in three phases. First, a PLC-based application was designed; sub-
sequently, SCADA applications were developed and integrated with the process via an
OPC [11] server. The process control results demonstrated efficient and reliable real-time
data exchange among the PLC, MATLAB, and SCADA. Dieu (2001) [12] applied a SCADA
system to wastewater treatment facilities. The developed tool could monitor the city’s
sewage collection and distribution systems, wastewater treatment, and wet-weather facil-
ities. In the work of Morsi et al. (2014) [13], a SCADA/PLC system was utilized to control
an entire oil refinery. The design and specific implementation method for a real
SCADA/PLC system in an oil refinery process were developed using the RSVIEW-32
SCADA system. In the work of Kovaliuk et al. (2018) [14], an Arduino-based Web SCADA
system was implemented to control the absorption process. Corresponding software for
the Web SCADA system was also designed. Novak et al. (2014) [15] developed a frame-
work that integrates simulations, data sources, optimizers, other calculations, and SCADA
systems into a single environment.

Virtual industrial plants, or digital twins, are essential to help understand theoretical
concepts of a real facility, but also to be used as a simulator to replace the real equipment
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in the training process [3]. Chemical process simulators, such as Aspen HYSYS [16] and
Aspen Plus [17], are also widely used for teaching purposes. They are of great importance
to the industry for training and employee qualification. Additionally, there is considerable
interest from educational institutions in these tools, both to test theoretically developed
behaviors and to assess the need for supervision, control, and instrumentation of the pro-
cess.

The use of simulators such as Aspen HYSYS [16] and Aspen Plus [17,18] has become
increasingly common for process simulation and optimization. In gas processing and pe-
troleum refining, these tools are crucial, primarily because they enable modeling of sys-
tems with complex thermodynamic behavior. In the context of natural processing, we can
cite the works of [19-22].

Steady-state models provide a “snapshot” of a process in ideal thermodynamic equi-
librium. These models are typically used for process synthesis and design, equipment siz-
ing, and determination of energy requirements. Dynamic models, by contrast, account for
the accumulation of material and energy. These models capture the transient response of
a process and are typically used for process control and design, safety and operability
studies, and operator training simulators [23]. Several works have implemented dynamic
simulation throughout the use of dynamic simulators: [24-27]. However, the application
of real dynamic simulation still encounters modeling and implementation difficulties.
Their integration with the SCADA system is not a common task. Table 1 summarizes some
open-source SCADA systems.

As shown in Table 1, several open-source SCADA systems are available. We believe
that, among these, ScadaBR is sufficient for small-scale implementations and integration
with chemical process simulators. Notice that, in addition to the systems listed in Table 1,
Church et al. (2017) [28] report other systems, including EPICS, TANGO, and ECLIPSE
SCADA.

ScadaBR [29] is an open-source software option for engineering application develop-
ment. The software enables developers to implement applications with a 100% web inter-
face, providing access to and control over devices and processes via any web browser on
a computer, tablet, or smartphone. The main interface is easy to use and offers visualiza-
tion of variables, graphs, statistics, protocol configuration, alarms, the creation of dash-
boards, and variable monitoring [29]. Although there are other SCADA tools, such as
those listed in Table 1, ScadaBR is not necessarily the best; however, it is suitable for small-
scale systems and allows easy communication with Python.

Recently, Miranda and Santos (2025) [30] applied ScadaBR to a gas mixing process
with the use of Unisim Design [19] software. However, to date, few studies have been
found in the literature that integrate open-source SCADA systems, such as ScadaBR and
OpenScada [31] with process simulators (e.g., Aspen HYSYS or Aspen Plus) to establish
virtual plants or digital twins featuring real-time dynamic operation [32] validation. This
gap highlights an opportunity to develop solutions that integrate computational model-
ing within dynamic process simulators with SCADA interfaces, thereby expanding the
scope of application for these technologies in chemical engineering.

Although this work does not develop novel tools for simulation and monitoring, the
main innovation was the integration of dynamic chemical process simulators (Aspen HY-
SYS) with the ScadaBR system, which has not yet been reported in the literature. However,
there are small-scale applications in Brazil that are poorly documented in academic jour-
nals. In this context, the present work proposes using the ScadaBR as a graphical user
interface for real-time monitoring of chemical process simulations. It represents a prom-
ising platform due to its relative ease of connection with other chemical engineering sim-
ulators. Two representative case studies are considered: (i) a catalytic hydrocracking
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process and (ii) a heat exchanger handling a hydrocarbon stream. So, the main contribu-
tions of this work are as follows:

(i) By integrating dynamic models with ScadaBR, this approach aims to provide opera-
tor-like interaction and visualization capabilities, thereby bridging the gap between
dynamic simulation and practical control-room training.

(ii) Presenting design aspects regarding the implementation of dynamic models with the
ScadaBR system, such as time synchronization, data communication, and visual
monitoring.

(iii) Discuss new possibilities to implement dynamic performance indicators related to
energy usage, environmental factors, and production capacity.

Table 1. Summary of the main open-source SCADA systems.

SCADA System Customization Scalability Integration
Web environment with a graph-
. . s . . Supports numerous protocols
ical editor and scripting; custom-Suitable for small to medium-
, . . (Modbus, OPC, DNP3, MQTT,
izable through API and sized projects; performs well oy

ScadaBR [29] . i . . . ... etc.) and APIs, with integra-

event/routine configuration. in laboratories, small facili-

Ideal for visualization adjust-  ties, and IoT.
ments and standardized logic.

tion to databases and systems
through scripts and APIs.

Rapid SCADA [33] *

Support for modules and It can be used in large distrib-

plugins; extendable through uted systems, supporting rep-Broad compatibility (Modbus,
code and custom module devel- lication, multiple nodes, and OPC UA/DA, MQTT).
opment. integration.

Designed to support distrib- Architecture focused on con-

A modular, multi-component ar-uted systems, with modules necting multiple modules and
chitecture enables the addition capable of operating in scala- protocols, facilitating integra-

OpenSCADA [31
pen 311 or replacement of modules (e.g., ble architectures, including tion with external systems and
U], database, protocols). clusters and complex networkdatabases via specific interface
configurations. modules.

IndigoSCADA [34]

C/C++ code facilitates customi-
zation of the SCADA engine it-
self, drivers, and internal logic.

Supports various industrial
communication protocols and
Suitable for smaller and em- integrated SQL databases; the
bedded systems. integration is more technical
and depends on the develop-
ment environment.

* Standard version.

This work is divided into the following topics. In Topic 2, we describe the study’s
methodology. Topic 3 describes the studied cases. Topic 4 presents the results. The con-
clusions are presented in Topic 5.

2. Methodology
2.1. Summary of Methodology

The methodology is summarized in the following topics:

() Development of process simulation: In this step, a mathematical model is developed
using Python or a process simulator.

(I) ScadaBR-Python communication: The Python programming language (version
3.14.2) is used to implement the pyModBusTCP (version 0.3.0) and pymodbus
(version 2.5.3) packages, enabling communication between ScadaBR (version 1.0)
and Python (version 3.14).
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(III) ScadaBR implementation: Each process variable is inserted into the ScadaBR (version
1.0) environment. Also, the dashboard is implemented, containing the process
flowsheet of the modeled process and real-time graphics for monitoring the main
process variables.

2.2. Development of Process Simulation

The mathematical modeling stage for chemical processes involves applying mass and
energy conservation equations, along with constitutive equations. Dynamic modeling of
chemical processes can result in lumped-parameter or distributed-parameter systems.
Lumped-parameter models usually produce systems of differential and algebraic equa-
tions (DAEs) derived from mass and energy balance equations [35]. The following system
of equations illustrates the general structure of a dynamic model in chemical engineering.

M N

dm . .

R REPR @
i=1 j=1

M N
dny . . :
P Z Nk — z N + Py ()
i=1 j=1
M N
du o .
E=Zmihi—2mjhj+Q+W+Tt (3)
i=1 =1
f(x,p) =0 4

where m is total mass, m is mass flow rate, n is mol, n is molar flow rate, t is time,
U is total internal energy, h is specific enthalpy, Q is heat rate, W is power, 7 is gen-
erated heat, ® is molar generation, f is a general vector or algebraic function, x is an
algebraic variable, and p is the vector of parameters. In the above equations, k denotes
component species, M is the number of input streams, and N is the number of output
streams.

These models can be implemented in programming languages such as C++, Python,
and MATLAB (MATLAB2025). Chemical process simulators, such as Aveva Dynsim and
Aspen Dynamics, can also be used and allow the implementation of more complex mod-
els.

In Figure 1, the model includes independent input variables, parameters, and de-
pendent variables. Before integration, the parameters and input variables are updated
from ScadaBR. The model is then integrated from time t, to to + At. The final values
obtained after integration are exported to ScadaBR. This solution scheme operates cycli-
cally.

2.3. ScadaBR—Python Communication

Communication between data from the Aspen HYSYS simulator and Python is al-
ready well established in the literature. Details of the communication procedure for Ex-
ample 2 are provided in Appendix A.

The integration between the dynamic simulation and the SCADA system was imple-
mented using the Modbus TCP protocol, employing the pymodbus library (server) and
pymodbusTCP (clients). The implementation was organized into logical-functional
stages, as described below.

Step 1:
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Each Modbus device contains four classic blocks: coils, discrete inputs, input regis-
ters, and holding registers. The StartTcpServer method activates the Modbus TCP server
on a local port and keeps the service running continuously. This tool provides a stable
environment for external clients to read and write Modbus registers, working as a virtual
field device for functional testing and integration.

Initial Point

Model to ScadaBR

N = = = = ScadaBR to Model
|
|
|
|
|
|

SCADABR

"""""""""""""" Dynamic Profile

,,,,,,,,,,,,,,,,,,, ] -@- Data

SCADABR

777777777777777777 Dl

v [
v |

dy (un—l) +y }
dt n-1 }
|

Figure 1. Simplified flowchart of the algorithm used to link ScadaBR and Python (y: output variables;

u: input variables).

Step 2:

Multiple Modbus clients communicate with the Modbus server and the SCADA sys-
tem using the pymodbusTCP library. Each client is initialized with an IP address. The role
of the clients is as follows:

¢  Open and maintain a Modbus TCP session;
¢ Read holding registers and input registers;

e  Write processed values to Modbus registers.
Step 3:

The Modbus client reads the registers defined as input variables. This reading is per-
formed in blocks, according to the predefined mapping. The values received from the
SCADA system are converted to float32 and immediately transferred to the input objects
of the dynamic simulator (HYSYS), feeding the corresponding spreadsheets and thermo-
dynamic variables. This step establishes the data flow from the supervisory environment
to the dynamic model.

Step 4:

With the input variables updated, the model computes the next process state. Tem-
peratures, pressures, flow rates, compositions, and other thermodynamic and hydraulic
variables involved in the process are calculated. After each iteration, the dynamic model
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exports the output variables to Python. The time step used for updating the dynamic
model was 10 s. This period was defined heuristically to provide a reasonable frequency
of process data updates in the ScadaBR system. It is important to emphasize that the com-
putational cost of solving the models, for both examples studied, was well below the up-
date period.

Although PyModbusTCP provides convenient Python-based interfaces for Modbus
TCP communication, it can be subject to communication latency and error-handling limi-
tations. A data quality verification routine was implemented at each communication cycle
to detect exception errors and communication failures, thereby preventing the transmis-
sion of erroneous data to ScadaBR or the computational model. The routine attempts to
retrieve data from client devices up to 10 times consecutively before transmission. If data
acquisition fails after ten attempts, an alert is automatically issued to notify the user and
facilitate the investigation of potential communication issues. During this period, system
operation continues using the most recently validated data.

Step 5:

The Modbus client writes these simulated values into the holding registers config-
ured as output points. This step enables the SCADA system to retrieve updated simula-
tion values via the Modbus TCP protocol.

III. ScadaBR Implementation:

Section 3 provides a detailed account of the ScadaBR interface implementation for
both case studies. The process generally involves the following steps:

(i) Configuring the DataSource with the Modbus TCP protocol;

(if) Configuring the DataPoints of each DataSource by linking process variables obtained
from the model;

(iif) Configuring the ScadaBR Watchlist, which serves as the main monitoring dashboard
displaying the variables;

(iv) Configuring the graphical process interface, including process flow diagrams (PFDs);

(v) Developing real-time monitoring graphs.

Figure 2 summarizes the algorithm.

input
parameters

l

Modbus server

l E Dashboard
l A

» ScadaBR

l Process
Modbus a7 w Simulator

client Dynamic Model
...
- ﬂ Python

l

Figure 2. Simplified flowchart of the algorithm used to link ScadaBR and Python.
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Feed

(1) The Modbus server must be continuously running prior to system initialization.

(2) All variables (datapoints) are initialized within the ScadaBR environment.

(3) The dynamic model is initialized using the initial values provided by ScadaBR.

(4) After the model is integrated, the output variables are exported to ScadaBR via a
Modbus client, where the values of input variables can be modified before the initial-
ization of a new cycle. A support Python tutorial for ScadaBR —Python communica-
tion can be seen in https://github.com/LizandroCloud/SCADABR-PYTHON (ac-
cessed on 21 January 2026), in which case-2 files (Python-HYSYS) are shared.

3. Studied Cases
3.1. Case 1: Kinetic Hydrocracking Model

Hydrocracking has contributed significantly to petroleum refining by converting
heavy petroleum fractions into higher-value feedstocks, which are lighter and more valu-
able as fuels. Hydrocracking commonly consists of two stages. The first stage breaks down
sulfur and nitrogen compounds and hydrogenated aromatics. The liquid fraction from the
first stage is hydroisomerized and hydrocracked in the second stage [36,37].

Hydrogen is injected into the hydrocracking system at a lower temperature than the
operating mixture to reduce the system temperature, since the reactions are exothermic.
Hydrogen is also required to form smaller molecules. Figure 3 shows a process flow dia-
gram of a simplified hydrocracking unit. In this process, a mixture of recycled hydrogen,
hydrogen (quench), and feedstock is heated through preheating with the reactor effluent,
followed by heating in a furnace, before being sent to the reaction section [38].

Hydrocracking reactors contain several catalyst beds separated by sections equipped
with feed redistribution systems and hydrogen injections to cool the reaction zone. Tem-
perature control in the reactor helps reduce catalyst deactivation and coke formation rates.
When the production objective is to maximize naphtha, five or six beds are typically em-
ployed, with four or five intermediate hydrogen injections [38].

Gas Recycle

Reactor's Effluent

R

HT

N

\-[/ Quench [H2]

Furnace

CHC

|

> Separator ———— > Treatment

- I

Liquid Purge

Figure 3. Hydrocracking block diagram [38] (HT: hydrotreating; CHC: catalytic hydrocracking).
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Although other more detailed and complex approaches have been developed the
complexity of petroleum feeds suggest that models based on lumping theory can reason-
ably represent the kinetics of hydrocracking of heavy oi [39].

In this case, a simple network of four parallel reactions was introduced for the main
products of the hydrocracking process of a heavy hydrocarbon stream: liquefied petro-
leum gas (LPG), naphtha, kerosene, and diesel. The reaction rates are described by the
Equations (5)-(9):

Treed = —(Ky + Kz + K3 + Ky) - Yreed )
Tdiesel = KiYfeed = (Ko1 - €TF/RD) - yeq (6)
Tkerosene = Kz2¥teed = (Koze TF2/RD) - yreeq (7
Tnaphta = Ka¥reed = (Koze"B3/R1)) - ypoeq (8

rpG = KaVreed = (Koae TE/RD) - yreeq )

in which ygeeq is vacuum gas oil mass fraction, r is the reaction rate, K;, i = 1,++,4 are
kinetic parameters, E;, i =1,---,4 are activation rates, Ky;, i = 1,---,4, are pre-exponen-
tial rates and T is the temperature. The mass balance of each pseudo-component in the
reactor is expressed as follows:
Dy, (10)
dt
where i is any product (naphtha, kerosene, LPG, or diesel) or vacuum gas oil in the mix-
ture, T is the residence time, and r; is the rate equation for reactant consumption or
product formation involved in the model.

The system of ordinary differential equations (ODEs), as described by Equation (10),
was solved using Python’s odeint/sympy toolbox. The initial mass fractions of the com-
ponents were defined as follows: vacuum gas oil VGO (90%), diesel (10%), kerosene (0%),
naphtha (0%), and LPG (0%). The adopted feed mass fractions, based on [37] are consistent
with typical hydrocracking feedstocks, which are predominantly composed of VGO, with
possible contributions from heavier diesel-range material, while lighter fractions are
mainly formed during the process. The residence time of the species, 7 € [0,2] [h], was
used as the independent variable to track the evolution of the mass fractions throughout
the reactor.

3.2. Case 2: Heat Exchange Network

This example is based on the work of [30], which implemented a simple heat ex-
change process for a hydrocarbon stream, based on the study by [40]. In previous work,
Siqueira & Santos [20] implemented this process in the HYSYS simulator, but considering
steady-state conditions. In the present work, we incorporate the dynamic simulation of
this system, as explained below, including the addition of proportional-integral-deriva-
tive (PID) control loops.

The PFD (process flow diagram) of the simulated process, proposed by [40], is pre-
sented in Figure 4. In the present process, the goal is to cool a mixture of hydrocarbons
with a temperature of -6 °C, pressure of 68.95 bar, and molar flow of 1150 kgmol/h. The
component molar fractions of the input stream are listed in Table 2.
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Table 2. Molar fraction of the feed stream.

Substance Molar Fraction
Methane (CHa) 0.7515
Ethane (C2He) 0.2004
Propane (CsHs) 0.0401
i-butane (i-CsHio) 0.0040
n-butane (n-CsHuo) 0.0040

According to Figure 4, the input stream 1B is divided into two streams. Stream 1A
has 923 kmol/h, 68.95 bar, and 6.7 °C., and stream 4 has 227 kmol/h. Stream 3 passes
through the heat exchangers E-101 and E-102, where it is cooled to —-37.5 °C. Stream 2
passes through the heat exchanger (E-100) to be cooled to —20 °C. The Peng-Robinson [41]
thermodynamic model was used. Detailed data can be checked in [30].

Three PID controllers were added to the system. The flow controller FIC-01 was used

to regulate the unit’s feeding flow rate. The temperature controllers TIC-01 and TIC-02

were used to control the temperatures of streams 6 and 7, respectively. The control-loop

parameters are shown in Table 3.

Figure 4. HYSYS flowsheet of dynamic simulation applied to a heat exchanger network (dashed

line corresponds to signal transmission and continuous line corresponds to process flows).

Table 3. Configuration of PID controllers.

PID Controller K. T; [s] Tp [s]
FIC-01 1.33 0037 -
TIC-01 5.87 0.55 0.0397
TIC-02 12.9 0.053 0.0190
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Five automatic control valves: VLV-01, VLV-02, VLV-03, and two manual control
valves: VLV-04 and VLV-05 are also shown in Figure 4. Implementation details in
ScadaBR are presented in Appendix A.

In Figure 4, we observed two temperature-control systems that manipulate the utility
flow rates (streams 11 and 13) for heat exchange in E-100 and E-102 heaters. As the tem-
peratures of streams “7” and “6” vary due to possible disturbance in the process, TIC-01
and TIC-02 controllers manipulate the utility flow rates, streams “11” and “13”, respec-
tively. A performance index that relates utility consumption to the methane mass fraction
in the feed is defined according to Equation (11):

KPCH4-,i — (mi - mi,min)/(mi,max - mi,min) (11)
YcHa

where KPcyy; € [0,1] is the utility consumption index in relation to the molar fraction of
methane in the feed stream, n; is the iyy molar flow rate of a cold utility, and ycp,4 is
the molar fraction of methane in the feed stream (1A). The bounds m;;;, and 1 45
were estimated by numerical tests in the simulation and are given in Table 4.

Table 4. Minimum and maximum flow rates, in kgmol/h, for utility streams.

Utility Stream T min M max
11 0 655.2
13 0 316.2

The block diagram representing the PID system is shown in Figure 5:

D(s)
—>  Gyls)

SP(s) F(s)

——@)—— Gl ——> Gl — > G
N

Y(s)

»

A

L—» Ggu(s) ——»

G.(s) <=

Figure 5. Representation of a feedback PID control block.

In Figure 5, SP(s) is the set-point, F(s) is the manipulated variable, D(s) is the dis-
turbance variable, Y(s) is the control variable and Z(s) is the performance index (Equa-
tion (7)), in which s is the Laplace variable. In addition, G¢(s), Gy(s), Gr(s), Gp(s), and
Gp_(s) and Gp_j(s) denotes the transfer functions of PID controller, valve, transmission,
disturbance and processes, respectively [42].

The closed-loop transfer functions can be represented by Equations (12) and (13):

_ G (s)Gy(s)Gp_y(S) Gp(s)
6 = e eeeane e T Teoaeamae P® 0
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[ Gc(s)Gy(s)Gp-n(s) Sp
(s)
1+ Gp(s)Gc(5)Gy(s)Gpi(S)
_ [GC(S)GV(S)GT(S)GP—II(S)GD(S)
1+ Gr(s)Gc(5)Gy(s)Gp_i(s)

In the process considered, the disturbance variable D(s) is the methane fraction in
the feed, ycus, whose relationship with the performance index KP¢yy; depends on the
transfer function represented by Equation (9). Also, the controlled variable Y(s) is there-
fore influenced by both the disturbance and the setpoint.

The systems represented by Equations (12) and (13) can be simplified according to
Equation (14):
[Y(S)] _ [Gl(s) G (s) ] [SP(S)

Z(s)l  [G3(s) —Gu(s)ILD(s)

in which G, i = 1,2,3,4 are the closed loop transfer functions.

Z(s) =

(13)

] D(s)

(14)

4. Results
4.1. Results of Case 1: Kinetic Hydrocracking Model

The Nelder-Mead [43] algorithm was used to estimate the kinetic model parameters
based on the model of Barkhordari et al. (2009) [37]. For Nelder—-Mead, the minimize func-
tion from the Python library scipy was utilized. The following parameters were set: reflec-
tion coefficient: 1.0, expansion coefficient: 2.0, contraction coefficient: 0.5 and shrink coef-
ficient: 0.5. The calculated kinetic constant values are listed in Table 5.

The catalytic hydrocracking process was performed in an isothermal packed-bed tub-
ular reactor under different operating conditions, such as reaction temperatures of 390 °C
and 410 °C (according to Barkhordari’s work [37]), since the kinetic parameters depend
on temperature, as shown by the Arrhenius equation.

Table 5. Kinetic parameters.

Parameter Value Unit
Ko 9.33 x 107
Koz 1.64 x 107
Kos 1.47 x 1013 1/h
Ko 3.61 x 107
E: 1.23 x 105
E2 1.01 x 105
Es 1.78 x 105 J/mol
Es 1.12 x 105

Figures 6 and 7 show typical mass—fraction profiles for VGO and its products at
410 °C and 390 °C, respectively. It indicates that the model reasonably reproduces the
lower-temperature behavior. At 410 °C, the discrepancies are most pronounced at early
times (0.4 h and 0.667 h) and diminish after approximately 1 h. This pattern suggests a
small mismatch in the short-term dynamics. By contrast, at 390 °C, the slower kinetics
reduce sensitivity to such transients, yielding closer agreement with the experiment over
the whole-time horizon.

In hydrocracking, estimating kinetic parameters using the Arrhenius equation often
fails to accurately reproduce the concentration profiles due to the process’s complexity.
The most relevant causes can be explained by the facts: (i) a reaction network more com-
plex than the proposed model; (ii) parameters adjusted for a lump may not correctly rep-
resent the internal conversion of the species; (iii) occurrence of temperature gradients in
the catalytic bed, and (iv) correlation between the kinetic parameters [36-38]. Deviations
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between model predictions and experimental data can also be related to the optimization
strategy used for parameter estimation [44].
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Figure 6. Model result of product’s mass fraction percentages along the reactor for T = 410 °C
(circle: reference data; cross: simulated data).
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Figure 7. Model result of product’s mass fraction percentages along the reactor for T = 390 °C
(circle: reference data; cross: simulated data).

The watchlist displayed in Figure 8 is the easiest way to monitor the values of the
imported variables from the virtual CHC reactor. On the left-hand side of the screen, the
data points for all variables present in the process are displayed. The right-hand panel
allows users to visualize process variables in real time during process simulation. It is also
possible to edit the watchlist by moving or removing data points from the main list. In
addition, by selecting the “datapoint details” icon, users can visualize statistics, historical
data, and graphs related to a specific variable, as shown in Figure 9.

Figure 9 illustrates the typical behavior of a process variable (“Feed”) when it is se-
lected in the watchlist. This screen enables users to view statistical data and historical rec-
ords of the variable over a specified analysis period. The figure illustrates the decrease in
the VGO mass fraction from an initial point. As previously presented, the VGO mass frac-
tion decreases along the reactor according to the computed reaction rate.

From the supervisory interface (Figure 10), an operator can adjust the reactor tem-
perature setpoint. On the left side of the screen in Figure 10, it is possible to open the
graphs related to the feed variables and the products of the CHC. On the right side of the
screen, the representation of the main process can be observed, where the mass percentage
values of the products can be visualized in real time.
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Figure 10. CHC dashboard implemented in ScadaBR.

4.2. Results of Case 2: Heat Exchanger Network

Figure 11 presents the Human—Machine Interface (HMI) of the ScadaBR system used
to monitor and control the continuous process under study. The interface provides a high-
level plant overview, integrating process equipment, instrumentation, control loops, and
operational status indicators within a single supervisory environment. The process is rep-
resented by a diagram illustrating the material flow from the feed stream to the product
outlet. Pipelines interconnect process units, and the flow direction is explicitly indicated.
Real-time measurements of key process variables are displayed numerically, enabling
continuous monitoring of plant performance. Temperature and flow variables are meas-
ured using temperature transmitters (IT) and flow transmitters (FT), respectively. Ana-
lytical measurements are provided by analyzer indicators (Al), which supply real-time
information on process composition. This monitoring is supported by an online composi-
tion analysis panel, which reports the molar fractions of key components (C1, C2, C3, iC4,
and nC4). Control actions are implemented via temperature and flow indicating control-
lers (TIC and FIC), each associated with a defined setpoint (SP). Several closed-loop con-
trol systems are implemented and visually identified by dashed connections between sen-
sors, controllers, and final control elements. The control loops regulate critical process
variables by manipulating control valves (VLV-01, VLV-02, VLV-03), with valve positions
expressed as a percentage of the valve’s opening. In particular, the feed flow rate is regu-
lated by a flow control loop (FIC-01), whereas the process thermal conditions are main-
tained by temperature control loops (TIC-01 and TIC-02). As the temperatures of streams
6 and 15 vary, the controllers TIC-01 and TIC-02 manipulate the flow rates of streams 11
and 13, respectively. The process also includes multiple heat exchangers (E-100, E-101,
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and E-102) that enable energy integration and temperature control across process streams.
Operational status is communicated through visual indicators that differentiate normal
and critical operating conditions. This alarm visualization strategy enhances situational
awareness and supports timely operator intervention during process disturbances.

SCADd

e (qElgUOY=8Bla2 @R D8D 00

- = RA "
|Graph|c views - [ mam_pEx ] & | D|

Morm

23,501.28

nC4 [%mol]

Figure 11. Heat exchanger network process dashboard implemented in ScadaBR.

Figure 12 illustrates the supervisory interface designed for monitoring and perfor-
mance analysis of closed-loop control systems. The control loops screen consolidates es-
sential information required to evaluate controller behavior under dynamic operating
conditions.

The interface displays multiple control loops concurrently, including a flow control
loop (FIC-01) and two temperature control loops (TIC-01 and TIC-02). For each loop, time-
domain plots of the process variable (PV) and the corresponding setpoint (SP) are pre-
sented, enabling direct assessment of setpoint tracking performance and disturbance re-
jection.

The displayed trends capture both transient and steady-state behaviors of the con-
trolled variables, enabling identification of key performance characteristics such as re-
sponse time, overshoot, stability, and steady-state error. Observable step changes in the
set point facilitate comparative analysis of controller dynamics across different loops.
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Figure 12. Dashboard of PID control loops.

In addition to graphical trends, the interface provides real-time numerical values for
the SP, PV, and the manipulated variable, represented as valve opening percentage
(%VLV). This data supports a correlation between control actions and process responses,
which is essential for controller tuning and diagnostic analysis.

The control-loop performance shown in the previous figure is directly related to the
PID controller tuning parameters for each loop: FIC-01, TIC-01, and TIC-02. These param-
eters include the proportional gain K, integral time 7;, and derivative time 7. In Figure
12, the FIC-01-SP and TIC-01-SP were modified at 14h and 14h05min, respectively.

In the FIC-01 (Flow Control Loop), the low proportional gain K, = 1.33 combined
with the relatively large integral time 7; = 0.037, and the absence of derivative action re-
sults in a conservative controller. This leads to a smooth, stable response with minimal
oscillations but a longer setting time.

In the TIC-01 (Temperature Control Loop 1), a moderate to high proportional gain
K. = 5.87, moderate integral time 7; = 0.55s and a small but effective derivative time
7p = 0.0397 s, this loop exhibits a faster response with improved damping. The derivative
action anticipates the rate of change of the error, reducing overshoot and helping stabilize
the control action. As a result, the temperature quickly approaches the set point with min-
imal overshoot, as evidenced by the corresponding time series.
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In TIC-02 (Temperature Control Loop 2), the high proportional gain K, = 12.9, com-
bined with a small integral time 7; = 0.053 s, and a small derivative time 7, = 0.0190s,
leads to an aggressive controller. The fast integral action rapidly eliminates steady-state
error but can cause overshoot and oscillations due to increased controller sensitivity and
the risk of integral windup. The corresponding graph confirms the rapid response with
noticeable transient oscillations and overshoot before settling.

Monitoring of the Kcp,; methane indices was also carried out and displayed on the
dashboard shown in Figure 13. Two graphs are used to monitor the molar flow rates of
the cold utility streams and the molar percentage of methane in the inlet stream (1A). The
results show that reducing the molar percentage of methane increases the indices K¢y g
and K¢y, ,. This can be explained by the fact that the natural gas molar composition di-
rectly influences the thermal load required in heat exchangers E-100 and E-102, particu-
larly when phase change occurs, as in the present case. A reduction in the molar fraction
of methane, with a consequent increase in the proportion of heavier species (Cz, Cs), raises
the dew point temperature of the hydrocarbon mixture. Therefore, in natural gas cooling
systems where condensation may occur, a decrease in the methane molar fraction de-
mands more thermal utility to cool the natural gas stream.

Figure 14 shows the correlation between the controlled variables FIC01, TIC01, and
TIC02 and the molar fraction of methane at the inlet stream. Changes in the stream’s com-
position result in variations in the properties of the gas stream, including density, viscos-
ity, and average molar mass. These properties directly affect the flow behavior and, con-
sequently, the response of flow measurement and control devices. The results shown in
Figure 14 indicate that these disturbances affect the three controlled variables of the pro-
cess; however, due to the action of the controllers, the variables return to their set-point
values.

The results of this example demonstrate that it is feasible to integrate rigorous phys-
ical models with the ScadaBR system. This type of application can be helpful for both
training and industrial applications. Despite this, the use of ScadaBR systems in large-
scale industrial applications has not yet been reported in the literature. For large industrial
applications, additional aspects must be addressed, such as: (i) robustness to handle sys-
tems with thousands of variables; (ii) cybersecurity; (iii) industrial compliance; and (iv)
technical support. Regarding latency, our Modbus TCP integration using Python libraries
(PyModbusTCP/pymodbus) demonstrated satisfactory performance for supervisory-
level monitoring and set-point tracking in the simulated environment. However, we rec-
ognize that in high-speed or highly dynamic processes, the inherent delays in TCP/IP
communication, sequential polling, and Python execution may affect real-time perfor-
mance.

Processing power and large datasets are also relevant factors: the integration was
tested on standard desktop hardware and was sufficient for the demonstration cases in
HYSYS, but larger simulations with multiple interconnected units or high-frequency data
acquisition could require more robust computing resources, such as multi-core processors
and increased memory, to maintain responsiveness.

Finally, hardware constraints for real-world deployment should be considered: reli-
able network infrastructure, appropriate SCADA server capacity, and sufficient client de-
vices are necessary to ensure stable operation. Despite these limitations, the study pro-
vides a foundation for future work. It demonstrates that open-source SCADA systems can
effectively interface with process simulators, offering a cost-effective and flexible solution
for education, research, and small industrial applications.
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5. Conclusions

This work demonstrates the feasibility of an open-source, web-based supervisory
monitoring and control platform that integrates dynamic process simulators with
ScadaBR. Two cases were solved.

In the first case, a simplified dynamic kinetic model of a catalytic cracking process of
VGO was developed in Python. This model simulates the evolution of the LPG, diesel,
naphtha, and kerosene products along the reactor, with periodic updates to the SCADA
system. The kinetic model has temperature as the independent variable, which can be ad-
justed via the ScadaBR dashboard. Tests showed that the ScadaBR system performed well,
demonstrating stability and robustness in the communication and representation of its
model.

In the second case study, a heat exchanger network simulated in HYSYS Dynamics
demonstrated the system’s capability to monitor multi-loop PID control, track perfor-
mance indices under varying feed conditions, and illustrate how changes in methane con-
tent affect cooling utility demand.

Indeed, by highlighting the first implementations of dynamic simulation, the work
opens the way for future developments. For dynamic simulation, the next step is to inte-
grate dynamic optimization algorithms with predictive control. Another essential point
will be the implementation of dynamic machine-learning algorithms (black-box models)
that leverage physical models. The tool could also be used to simulate extreme scenarios
to predict unsafe process conditions.

Beyond technical validation, the platform offers significant educational and opera-
tional advantages. From an educational perspective, the tool offers an interactive digital-
twin environment where students and operators can manipulate control variables and
setpoints, such as FIC or TIC setpoints, and directly observe the resulting dynamic re-
sponses of the process and associated performance indices (e.g., KPCH,). This feature fa-
cilitates experiential learning by enabling users to investigate cause-and-effect relation-
ships, control-loop interactions, and transient behaviors that cannot be illustrated in static
simulations or steady-state analysis. It improves comprehension of process dynamics,
control performance, and operational trade-offs, thereby increasing the platform’s value
for training and academic instruction.

Future work will focus on expanding the framework to more complex systems (e.g.,
dynamic distillation columns), incorporating machine learning for predictive analytics,
and enhancing the dashboards with features such as mobile notifications and multi-user
collaboration.
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Abbreviations

Symbols

Al Analyzer indicator

CHC Catalytic Hydrocracking

DAE Differential Algebraic Equations
DCS Distributed Control System

DT Digital Twin

E Exchanger

F Flow rate

FI Flow Indicator

FIC Flow Indicator and Controller
G Transfer function

] Joule

LPG Liquefied Petroleum Gas

P Pressure

PI Pressure Indicator

PID Proportional, Integral, and Derivative
PLC Programming Logic Controller
PV Process Variable

SCADA Supervisory Control and Data Acquisition
T Temperature

TIC Temperature Indicator and Controller
TI Temperature Indicator

VGO Vacuum Gas Oil

VLV Valve

Y Control variable

Z Process variable

Greek letters

T Residence time

Indices, subscripts, and superscripts

Dmin Minimum

max Maximum

Appendix A. SCADA-BR Implementation [Case-2]
)] HYSYS-ScadaBR Communication

Figure A1l illustrates the main steps for implementing communication between
ScadaBR and HYSYS.
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2. WIN32com.client

Connection.py
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Figure Al. Main steps of the algorithm for communicating ScadaBR and HYSYS.

To connect the ScadaBR with HYSYS, the Python language was used as interface to
implement Modbus communication. In the following topics (a—f), the main parts of the
“Connection.py” script are explained. A support Python code is available at the GitHub
repository (https://github.com/LizandroCloud/SCADABR-PYTHON) (accessed on 21 Jan-
uary 2026).

It is necessary to import the used libraries and establish connections with the Modbus
server and HYSYS simulator. In this scheme, Python reads data received from the
ScadaBR® through Modbus protocol, reads the information from the simulated plant (im-
plemented into HYSYS), and sends the data back to ScadaBR®. Code 1 lists the main li-
braries used for the algorithm’s implementation.

Code 1: Import Libraries

Command Description
1 import os Folder where the files are located
2: import win32com.client as win32 Link between HYSYS and Python
3 from pyModbusTCP.celiint import ModbusCli- Link between Python and ScadaBR
4: import time Counting lines

(a) Importing libraries

To communicate the simulation with the Python language, it is necessary to import
the used libraries and then establish the connection with the Modbus server and HYSYS
simulator. Thus, Python reads data received from the ScadaBR through Modbus, reads
the information from the simulated plant, and thus returns computed values to ScadaBR.

(b) Connection to Modbus TCP Server

The use of a Modbus server in a Python code depends on it containing a communi-
cation script. For this, the connection script available in PyModbusTCP 0.1.10 (“PyMod-
busTCP,” 2022) was developed as described below:

Code 2: Connecting Modbus with TCP Server
class FloatModbusClient(ModbusClient):
def read_float(self, address, number = 1):
reg_l = self.read_holding_registers(address, number x 2)
if reg_l:
return [utils.decode_ieee(f) for f in utils.word_list_to_long(reg_I)]
else:
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7: return None

8:

9: def write_float(self, address, floats_list):

10: b32_1 = [utils.encode_ieee(f) for f in floats_list]
11: b16_l = utils.long_list_to_word(b32_])

12: return self.write_multiple_registers(address, b16_I)

To use this script, two functions from the pyModbusTCP library are used: “Mod-
busClient” and “utils”. Communication allows writing and reading numerical variables
on the servers within a vector, which goes from position 0 to 49. The ports chosen for each
server were “5020” and “5022”, and to work with the values stored in them, it is necessary
to define two objects, defined as “c” and “d”, according to the script below:

Code 3: Import Libraries
1: ¢ = FloatModbusClient(host = ‘localhost’, port = 5020, auto_open = True)
2: d = FloatModbusClient(host = ‘localhost’, port = 5022, auto_open = True)

(c) Connecting the HYSYS Design® simulation with Python

To establish the connection between Python and HYSYS, two libraries are needed.
The “o0s” allows the manipulation of operating system files and directories, and the
“win32com.client” permits accessing the COM (component object model). The script used
to connect the simulated plant with Python is described in Code 4.

Code 4: Python-HYSYS Communication
unit = win32.Dispatch('HYSYS.Application”)
direct = os.path.abspath(".")
Case = unit.SimulationCases.Open(direct+ \ File_name.hsc’)
Case.Visible =1
Spread_sheet_1 = Case.Flowsheet.Operations.Item(’Simulation”)

According to Code 4, the imported spreadsheet is saved within the Python environ-
ment in the variable “Spread_sheet_1”, thus being able to be used within the code. With
the connection established, it is possible to read and write all the variables stored in the
spreadsheet of HYSYS.

(d) Reading the variables from ScadaBR

The algorithm works in a loop in which the data are read from ScadaBR and HYSYS
modified if necessary, and written back to ScadaBR for monitoring. First, the code must
read the values coming from ScadaBR through the Modbus TCP server. For this, two var-
iables are defined that store the values of the respective Modbus servers “c” and “d”, de-
fined previously. These variables are called “float_1” and “float_2” as shown in the script
below:

Code 5: Reading the Variables from ScadaBR
1: float_1 = c.read_float(0, 49)
float_2 = d.read_float(0, 49)

(e) Reading the HYSYS spreadsheet

After reading the variables from ScadaBR, the next step is reading the values of sim-
ulated variables from HYSYS for real-time monitoring. Each spreadsheet’s cell contains a
numerical value that is stored in the “Spread_sheet_1" object as viewed in Code 6.
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Code 6: Reading the UniSim Design® Spreadsheet

S1=UStr(1)

S1.flow = Spread_sheet_1.Cell("B3").CellValue
S1.ch4 = Spread_sheet_1.Cell(‘B4").CellValue
S1.c2h6 = Spread_sheet_1.Cell("B5").CellValue
51.c3h8 = Spread_sheet_1.Cell(‘B6").CellValue
S1.i_ch4h10 = Spread_sheet_1.Cell("B7").CellValue
S1.n_ch4h10 = Spread_sheet_1.Cell("B8’).CellValue
Sl.press = Spread_sheet_1.Cell(‘BY’).CellValue
Sl.temp = Spread_sheet_1.Cell("B10").CellValue

R AR L o o

Notice in Code 6 that the class “UStr “ defines the object S1 (stream 1) that inherits
several properties: pressure, temperature, flow rate and molar compositions. The name of
the variable defined to store the class corresponds to the stream and its number, which in
the case described above is “S1”. This process is repeated for all 14 streams of the simu-
lated process. The code of the “UStr “ class is given in Code 7.

Code 7: Reading the HYSYS Spreadsheet

1 class UStr:

2: def __init__ (self, number):
3: self.number = number
4.

5: def props(self, flow, ch4, c2h6, c3h10, i_ch4h10, n_ch4h10, pres, temp):
6: self.flow = flow

7: self.ch4 = ch4

8: self.c2h6 = c2h6

9: self.c3h10 = c3h10

10: self.c3h10 = c3h10

11: self.i_ch4h10=1i_ch4h10
12: self.n_ch4h10 = n_ch4h10
13: self.press = pres

14: self.temp = temp

(f) Writing HYSYS values in ScadaBR

The process variables resulting from the simulation are written in the ScadaBR
through the ModbusTCP server. The command “write_float” is used to write each value
in the vectors “c” and ‘d” defined in Code 3. Code 8 shows the code to write the properties
of the 14 streams from the process simulation.

Code 8: Writing HYSYS Values in ScadaBR
c.write_float(0, [S1.flow, S1.ch4, S1.c2h6, S1.c3h8, S1.i_ch4h10, S1.n_ch4h10,
Sl.press, S1.temp,S1.flow, S1.ch4, S2.c2h6, S2.c3h8, S2.i_ch4h10, S2.n_ch4h10,
S2.press, S2.temp,S3.flow, S3.ch4, S3.c2h6, S3.c3h8, S3.i_ch4h10, S3.n_ch4h10,
S3.press, S3.temp,opt])
d.write_float(0, [C4.press, C4.temp, C5.press, C5.temp, Cé6.press, C6.temp,
C8.press, C8.temp, C7.flow, C7.ch4, C7.c2h6, C7.c3h8, C7.i_ch4h10, C7.n_ch4h10,
C7.press, C7.temp, C9.press, C9.temp, S10.temp, S11.temp, S11.flow,S12.temp,
S512.flow, S13.temp, S13.flow, S14.temp])

Figure A2 summarizes the communication between HYSYS-Python-ScadaBR.
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Figure A2 exemplifies the communication of the S1’s flow rate to ScadaBR. The value
is sent in the B3 cell attributed to the variable “S1.flow”. In the sequence, the “S1.flow” is
sent to the “c” object connected to the Modbus address 5020.

(II) Development of the supervisory system in ScadaBR

(a) Data Sources and Data Points

The variables connected to the Modbus server are registered as data points in the
ScadaBR environment. A set of data points is associated with the variables, which receive
a value related to a Modbus address. The data points are grouped into a data source en-
vironment, which can be connected using several communication protocols, such as Mod-
bus IP or OPC. In the ScadaBR, a Modbus TCP server (defined as Modbus IP) was used,

as viewed in Figure A3.

" S1.flow = Spread_sheet 1.Cell(‘B3”).Cellvalue
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Figure A2. Communication between HYSYS-Python-ScadaBR (illustration of the Spread_sheet_1—

“Simulation”).
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Data source name Modbus Port  Connection Status

Figure A3. Adding a data source with Modbus IP server.

In “Modbus IP properties”, Figure A4, it is possible to give a name to the data source,
specify the sampling time, and the number of attempts to reconnect (in case of connection
failure). In “Host”, the communication address must be filled in, which in our case is
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“localhost”, and in “Port”, the port used, which is 5020 for the first server and 5022 for the
second Modbus server.
The position of variables stored in the Modbus TCP server in Python is defined by

the vectors “c” and “d” written in the Python algorithm. Table A1 exemplifies the creation
of datapoints for the parameters of the object S1.

Table A1l. ModbusTCP adressess specification in ScadaBR.

Variable ModbusTCP Datapoint Offset
S1.flow 0 0
S1.ch4 1 2
51.c2h6 2 4
S1.c3h8 3 6
S1.i_ch4h10 4 8
S1.n_ch4h10 5 10
Sl.press 6 12
Sl.temp 7 14

Modbus IP properties &
Name |DATA

- Data source name

M

Export ID (XID) |D5_809152

i_

Update period |1 || second(s)

Quantze [ |

Tinweout (ms) |5I:II:II:I |

Retries |2 |

Contiguous batches only [ |

Create slave monitor points [

Max read bit count |2EIEIEI |

Max read register count |125 |

Max write register count |12EI |

Transport type | TP b |

Host ||0ca|host |
Port |5|:|2|:| ‘/'/’ MOdbUS Port

Encapsulated [

! Event alarm levels

Data source exception
Point read excepton
Point write exception | Urgent L

Figure A4. Modbus IP properties.

-

=

In Figure A5, the “Export ID (XID)” is set automatically, the “Slave Id” is not changed,
remaining at the value of “1”, the “Register Range” is set to “Recorder Holding”, and the
“Modbus Data Type” as “Float of 4 bytes”. The option “Configurable” must be checked if
the datapoint’s value will be modified and exported to the Modbus server. The “Multi-
plier” and “Additive” factors are not changed, remaining at “1” and “0”, respectively.
These factors are used to modify the datapoint’s value. Figure A6 illustrates all data point
requirements created for a“S1” stream.
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Figure A5. Data point details.
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Figure A6. Enabled data points.
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The watch list, Figure A7, is the easiest way to monitor the values of the imported
process variables. To add a datapoint in the watch list just click on the green arrow next
to it. This tool allows the user to visualize the value of the variable in real time, during the
process simulation, and permits changing the values of the configurated datapoints. It is
also possible to edit the watchlist by moving and removing data points. Additionally, in
the “datapoint details” icon it is possible to visualize the statistics, history, and graphs
regarding a specific variable.

Watch List Variables Values Time

* Urgent

scadaBR - 1.0 CE

s I 0Y=Eaf@R2 /08 Ve Usersadmin 4 Q@
: TR F 1
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p RTD - C10. Tamp BTD - 5 1LF 25,001.68 13002124 °

RTD « C11.Floww
RTD - 10, Tamg RTD - 5 LPressurs 6896.44 19:02:24 [ /] * @
RTE - C12 Flim HID - 52.Ho 9612.53 19:02:24 /] ~ @
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Figure A7. Watch list.
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