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Abstract—The objective of this article is to show the
application of a supervision, control and acquisition system of an
industrial network of chemical products, for which the design of
the control logic and the architecture of the industrial network
on Profibus-DP protocols is described and Ethernet, with a
peripheral terminal station ET-200, through the Siemens CP433
programmable logic controller and level sensor sensors, coupled
to radar-type transmitters with an accuracy of ± 0.5 mm. As
findings of the implementation of the control system, it was
possible to demonstrate the optimal regulation of the filling
system of the 3-compartment trucks with a capacity of 300 Kilos
each, generating the elimination of spills of the chemical product,
as well as the reduction of polluting particles in the work
environment. Finally, as a direct consequence, the productivity of
the company was improved, which is a relevant aspect at the level
of planning, management and direction.
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I.

acquisition;

INTRODUCTION

Organizations dedicated to the distribution and dispatch of
chemical products are susceptible to generating negative
environmental impacts due to the lack of technological
strategies that minimize risks of spillage [1], [2]. And it is
necessary to be aware of and highlight the risks and
consequences of not supervising or monitoring the correct
process of transporting or transferring the chemical input for its
storage and dispatch [3]. When these processes lack or are not
linked to technological tools, but on the contrary respond to
strictly manual processes, in which the personnel or operator is
exposed to these chemical inputs, effects are totally adverse to
health, since they are less likely intrinsic generates toxicity and
pollutes the environment [4]. The maneuvers in the dispatch
processes of chemical inputs when they are manual or executed
by some personnel, increase the risk of spills, which, as already
stated, affects the human being and the environment, but also
affects production, due to actions corrective measures that must
be generated at that moment [5]. It is clear that these
organizations must get involved with technologies that reduce
all types of spill risk, since the negative consequences are
derived from there [6].
Industrial automation is currently used as a tool that
contributes to improving various stages immersed in
production processes, thus improving aspects related to
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precision in component dosing, accuracy in the sequencing of
events, self-regulation and improvement of the location of the
final product [7]. Automating a process guarantees the logical
control relationship between sensors and actuators of a process,
however through communication protocols it is necessary to
seek to implement supervision, control and data acquisition
systems [8]. These communications protocols guarantee the
adequate interface in the sensors and actuators of a process,
interrelating it through an industrial network, which allows the
supervision and monitoring in real time of the variability of the
indicators during the execution of the production process [9,
10].
Distributed control systems (DCS) allow an industrial plant
to integrate its different production processes, linking the
various programmable logic controllers (PLC), which are
associated from a logical point of view to sensors and
actuators, thus guaranteeing a fluid communication of data,
which allows making decisions from the generation and
processing of information [11, 12]. Referring to a distributed
control system implies the generation of relevant data, which
goes beyond operational aspects, becoming linked to very
useful and important information systems at a strategic level in
an organization [13]. With the purpose of supervising,
monitoring and acquiring data for decision-making on aspects
related to the operation or operation of an industrial process,
SCADA systems (Supervisory Control and Data Acquisition)
are used [14-17]. The application of SCADA systems is
diverse, however among the processes that use it the most are
electricity generation, natural gas, mining deposits, thermal
systems, oil pipelines and chemical products dispatch [18-20].
One aspect to highlight in SCADA systems is that they allow
in a friendly way to show the behavior of the critical variables
in a process, becoming a strategic element at the industrial
level, integrally linking geographically dispersed subsystems
arranged in a plant [21-23].
It is then justifiable from the point of view of the
monitoring, supervision and control capacity, the integration of
DCS systems and SCADA systems [24-26]. As its application
is diverse and by using different communication protocols as
interface elements, its contribution is relevant, even more it is
linked to the improvement of the operating and working
conditions of the operators and their environment with the
environment [27-29].
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Under the above, the purpose of this article is to contribute
through the description of the application of distributed control
systems (DCS) under their integration to the SCADA system in
a chemical products distribution company; seeking to reduce
the remnants or spills of these inputs during their dispatch or
filling in distribution trucks; guaranteeing the reduction of
pollutants in the work environment and consequently
eliminating any adverse effect on the personnel working in the
plant.
II. LITERATURE REVIEW
In relation to relevant studies on this topic, we have in [30],
which highlights the importance of the use of the SCADA
system and its integration in the architecture of industrial
processes, in which the performance and safety of processes
related to oil industry or chemical inputs. In the same line of
research in [31], a proposed solution is described for a process
related to oil as a chemical input in which the SCADA system
guarantees safety from the detection of abnormal events or
events, thus avoiding any effect adverse on staff and work
environment.

is adequate, a sensor will establish that the valves should be
closed and proceed to fill the next container; It is necessary to
indicate that the number of compartments to fill in a truck
storing the chemical product is three.
In Fig. 2, the location and disposition of the three sources
that contain the chemical product (Acetic acid) are
schematized, and that from displacement pumps, valves
controlled by electric actuator, overfill sensors, the same ones
that were mentioned in the flow chart above; and making use
of Siemens CP443 programmable logic controllers, I will
proceed with the programming logic that establishes the link
between the input and output elements of the process.

It should also be noted that this scientific article is
supported by two studies already published in [32–34] which
detail the composition of the industrial network that allows
automating the chemical products dispatch process, as a
solution to the reduction of pollutants due to spillage of the
input due to a bad maneuver by the operators; These studies
also highlight that as an effect of supervising, controlling and
monitoring the dispatch system, from the perspective of
improving the filling precision of the transport truck tanks,
another positive effect, quite apart from the reduction of
pollutants, is productivity improvement, a very relevant
contribution to the organization, and which gives sustainability
to a large-scale solution proposal such as the implementation of
a distributed control system integrated into a SCADA system.
The implementation of intelligent systems through
hardware and software, allow to guarantee the control of the
operating parameters and variables of the industrial processes
[35, 36].
III. CONTROL PHILOSOPHY AND ARCHITECTURE OF THE
DISTRIBUTED CONTROL NETWORK
In order to understand the control logic that allows
automating the chemical products dispatch process, in a
simplified way the control philosophy represented in the flow
diagram is shown in Fig. 1.
In the flow chart, two sensors are established that will
determine the correct location of the containers for the filling
process; if his position is not adequate, he will not proceed to
execution; furthermore, only if the filling level of the container

Fig. 1. Control Philosophy of the Chemical Product Dispatch Process.
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Fig. 2. Layout of Chemical Storage Tanks.

In Fig. 3, the connection between the sensors, actuators,
scale zone and displacement pumps for filling with respect to
the chemical product packaging trucks is shown; It should be
noted that the pumps in operation operate in remote mode and
in automatic sequence; in such a way that the valves also
respond to a similar operating logic, that is, in remote mode
and automatic sequence, which indicates that it is open; The
displacement pump as well as the valves will always be
monitored through the supervision and data acquisition system,

the same as from the WinCC runtime Project system will allow
the activation and shutdown of the mentioned elements and
start the dispatch process. It should be noted that the valve is a
3” butterfly type that is located on the second level of the truck
station between the 45 ° elbow and the start of the stainless
steel hose. This system developed through the WinCC Runtime
Project system will trigger an alarm 300 kilos before reaching
the indicated weight for that compartment.

Fig. 3. Connection between Sensors, Actuators, Scale Zone and Displacement Pumps with respect to Packaging Trucks.
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Fig. 4. Connection of Automated Industrial Network System Components.

The data server of the industrial network will be located in
the server room and will be interconnected through a fiber
optic network with the instrumentation equipment and located
in the industrial instrumentation cabinets. The communication
switch of the control system will allow the interconnection and
exchange of information between the programmable logic
controller and the data server, for this reason they must be
installed in the same cabinet mentioned above, in accordance
with the Control architecture, shown in the Fig. 4. For the
monitoring of electrical variables, it is considered that all the
data received from the multifunction meters will be sent to the
data server for its proper use; in such a way that the
displacement pumps must be composed of local control
pushbuttons (located in the field, for starting and stopping the
engine), selectors and status indicators. All remote start and
stop signals coming from each programmable logic controller
will be using the control logic and sent to the control center
through Profibus DP communication.

In Fig. 6, it is shown that to confirm that there is no
blockage enabled in the field, this due to the incorrect location
of the chemical product packaging trucks, it is necessary that
the state of the switches that do not have the insurance be
verified in the field placed. When the safety lock is in stop
mode, it will prevent the transfer pump from being controlled
from the control room in automatic mode.

IV. CONTROL BOARD AND DEVELOPMENT OF THE SCADA
SYSTEM CONFIGURATION
A. Control Panel
In Fig. 5, the electrical control cubicle is shown in which
the main switch that energizes the entire control system of the
previously selected transfer pump is enabled.

Fig. 6. Safety Switch Status.

Fig. 5. Control Cube where the Central Switch is Located.

Fig. 7. Automatic Remote Actuation Switch and Scale Platform.
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In Fig. 7, the scale platform is shown, in which it will be
verified that the selector is in the remote mode position, as
shown in the figure. It should be noted that remote and
automatic operation is achieved in the control mode shown.
B. SCADA System Configuration
A first relevant aspect for the configuration of the SCADA
system is related to access security, the criteria of which has
been considered at the time of making the configuration, for
which the operation of the equipment has been restricted only
to authorized users; in such a way as to avoid that personnel
outside the operation of the plant can mainly start up
equipment without prior permission; that is, only by entering
the username and password can they be enabled. Fig. 8 shows
the configuration window in which the enabling of the key is
highlighted.
Once your user has been entered, the system will enable the
access screens or menus, which are located in the upper part of
the supervision system, it is available throughout the project.
Through these menus we can enter any screen according to the
user's requirement. These menus display a collection of screens
classified by function; as evidence of the above, Fig. 9 is
shown.

Fig. 11. Configuration of the Tank Selection and Start of the Dispatch
Process, in the SCADA System.

Once the scale is entered from where the chemical product
will be dispensed, the selected scale will be indicated by the
background color of the selected tab. Once located on the
balance, the following distribution will be available as shown
in Fig. 10.
This is also configured to make the selection of the tank,
which must be correctly located to start the dispatch process.
Immediately, the actuator and the displacement pump will be
enabled in automatic operating mode, with which the tanker
truck or also called container truck will enter the scale platform
recording the initial weight, so that next the sensor will be
connected overfill and sensor ground, as shown in Fig. 11.
V. RESULT AND DISCUSSION

Fig. 8. Configuration of Restricted Access to the SCADA System.

A. Results
As a result of the integration of the distributed control
system and the SCADA system of the chemical product filling
process in Fig. 12, the monitoring and supervision obtained in
real time from the SCADA system is already shown, in which
the valve is located at a 50% opening restricting the access of
the chemical product, for when the missing weight is less than
300 kg. The displacement pump motor will keep its nominal
speed, while in the field the beacon and siren will be active for
3 seconds, with the objective to notify the scale operator of the
completion of the chemical product dispatch.

Fig. 9. SCADA System Supervision Menus Configuration.

Fig. 10. Setting the Balance Selection in the SCADA System.

Fig. 12. SCADA System Commissioning: Filling System Control, Valve
Restriction to 50%.
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Fig. 13. SCADA System Commissioning: Filling System Control, Valve
Restriction to 75%.

In Fig. 13, it is shown that when the missing weight is less
than 150kg, the electric actuator will proceed to close to 75%.
In Fig. 14, it is shown that when the missing weight is less
than 75kg, the electric actuator will proceed to close to 85%.

Fig. 14. SCADA System Start-Up: Filling System Control, Valve Restriction
to 85%.

Upon reaching the missing weight, the electric actuator will
fully close and the displacement pump will stop. The
“SenCont_full” button will flash, showing that the dispatch in
container 1 has ended, moving on to the next container. As
evidence of the above, it is evidenced in Fig. 15.

Fig. 15. Commissioning of the SCADA System: Complete Filling of
Container 1.

Fig. 16. Commissioning of the SCADA System: Filling Process of Container
2 of the Tank Truck.

In Fig. 16, it is shown that the tank truck tank 2 is
automatically filled; for which precision and total elimination
of spillage of the chemical product is guaranteed.
B. Discussion
According to the results evidenced in the screenshots of the
SCADA system, it shows correct operability and optimal
performance in the chemical product dispatch process, from the
integration with the distributed control system developed under
the Siemens CP443 controller and structured under an
industrial network with Profibus DP protocol and remote
station simenes ET 200, in this regard in [8] the author also
obtains as a finding an optimal functioning in the integration of
the distributed control system of a plant in which the flow of
energy is monitored and regulated. raw material; highlighting
that his proposed solution is developed using the Profibus DP
and Ethernet protocol; however, he used as part of his solution
a CP-343 controller also from Siemens and an ET200
peripheral junction terminal. The difference between the
controllers used is due to the fact that in my solution proposal,
I control a greater number of actuators, sensors and that I seek
that the industrial rd has scaling capacity due to terminals
projected to be implemented in the future.
Another aspect to highlight is the improvement in filling
precision and eliminated any possibility of loss of the chemical
product due to spillage, it has significant relevance at the
management level because it generates an impact on
productivity. In this regard, in [10] the author applies a
SCADA system for dosing the entry of basic reagents to three
tanks, for which he used, as in the proposed solution, a
Siemens 400 controller, in which he evidenced in his research
that the Automated system will contribute to the improvement
of productivity in the organization. Also in [23] it is
highlighted that from the implementation of a SCADA system
to a process linked to the improvement of the dosage of
components in the stage of crushing and pulverization of
inputs, it contributed to the improvement of results in the
productivity of the company.
A third point to highlight as part of the development of this
article is the contribution to reducing environmental pollution
in the work environment; The fact is that when the process of
dispatch of inputs or chemical products is automated, there will
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no longer be any spillage, so its impact is on the generation of
polluting particles in the environment; In this regard, in [30]
the author points out that in his study the distributed control
system and the SCADA system showed an optimal functioning
of the supervision and control process in liquid petroleum
plants, guaranteeing the safety of the work environment and
minimizing the conditions abnormal operation of the process.
VI. CONCLUSION
It is concluded that the distributed control system (DCS),
implemented from a Siemens CP443 unit, the same that was
structured under the philosophy of an industrial network with
Profibus DP protocol, remote station Siemens ET-200, and
integrated into a SCADA (developed through the WinCC
Runtime Project system) in a chemical product dispatch plant
(acetic acid), showed to work optimally and efficiently,
guaranteeing a regulation of the container filling or dispatch
system composed of 3 compartments of 300 Kilos, the same
that regulates from the gradual opening of valves the filling
level of acetic acid. The most significant contributions that are
generated as an effect of this control are the elimination of the
spillage of chemical product as well as the reduction of
polluting particles in the work environment and finally
improvement of productivity, a relevant aspect at the level of
planning, management and direction of the company.
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