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Abstract: This paper presents a novel real-time control and electronic instrumentation system (RTC\
andeis) for a prototype plant that uses activated sludge for wastewater treatment. The main contribution
in this research was oriented to work on an experimental design with small dimensions and low cost. This
design was carried out using two continuous flow storage tanks in which an identification process was
carried out with the MATLAB system identification toolbox to know a mathematical model. The mathemati-
cal representation obtained is presented as a continuous and a discrete transfer function. To evaluate the
performance of the temperature control and instrumentation system, we implemented a simulation of the
closed-loop control system and then implemented it using a DAQ, Labview software, electronic devices and
the wastewater treatment plant prototype to compare both results. Finally, the secondary treatment efflu-
ent was analyzed in a certified water laboratory to have a detailed analysis compared to the initial influent.
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Sistema de visualizacion y control para una planta de tratamiento de
aquas residuales de laboratorio usando tratamiento biolégico

Resumen: El presente articulo presenta un novedoso sistema de instrumentacion electrénicay con-
trol en tiempo real (SIE\andCTR) para un prototipo de planta que usa lodos activados para el trata-
miento de aguas residuales. La principal contribucion de la investigacion realizada estuvo orientada
a trabajar sobre un disefio experimental con pequefias dimensiones y bajo costo. Este disefio incor-
poré dos tanques de almacenamiento de flujo continuo sobre los cuales se realizé un proceso de
identificacién con el Toolbox de identificacién de MATLAB para conocer su modelo matematico. La
representacion matematica obtenida es presentada como una funcién de transferencia en tiempo
continuo y discreto. Para evaluar el rendimiento del control de temperatura y el sistema de instru-
mentacion, se realizo la simulacion de un sistema de control en lazo cerrado y luego se implementé
usando una tarjeta de adquisicion de datos (DAQ), el software de Labview y dispositivos electréni-
cos en el prototipo de planta de tratamiento de aguas residuales para comparar ambos resulta-
dos. Finalmente, el efluente del tratamiento secundario realizado fue analizado en un laboratorio de
aguas certificado para obtener analisis detallado y compararlo con el afluente inicial.

Palabras clave: lodos activados; tratamiento biolégico; control digital; control en tiempo real;
identificacion de sistemas

Sistema de visualizagao e controle para uma planta de tratamento de
aguas residuais de laboratorio usando tratamento biologico

Resumo: O presente artigo apresenta um sistema inovador de instrumentacao eletronica e controle
em tempo real (SIE\andcTRr) para um protétipo de planta que utiliza lodos ativados para o tratamento
de aguas residuais. A principal contribuicdo da pesquisa foi orientada para trabalhar em um de-
sign experimental com pequenas dimensdes e baixo custo. Este design incorporou dois tanques
de armazenamento de fluxo continuo sobre os quais foi realizado um processo de identificagao
com o Toolbox de identificagdo do MATLAB para conhecer seu modelo matematico. A representagao
matematica obtida é apresentada como uma funcdo de transferéncia em tempo continuo e discreto.
Para avaliar o desempenho do controle de temperatura e do sistema de instrumentacao, foi realizada
asimulacdo de um sistema de controle em malha fechada e, em seguida, implementado usando uma
placa de aquisicdo de dados (DAQ), o software Labview e dispositivos eletrénicos no protétipo da
planta de tratamento de aguas residuais para comparar ambos os resultados. Finalmente, o efluente
do tratamento secundario realizado foi analisado em um laboratério de aguas certificado para obter
uma analise detalhada e compara-lo com o afluente inicial.

Palavras-chave: lodos ativados; tratamento biol6gico; controle digital; controle em tempo real;
identificacdo de sistemas



Revista Ciencia e Ingenieria Neogranadina = Vol. 34(1)

Introduction

Wastewater generation is an inevitable aspect of
human activity. Some of these waters are produced
by actions of their nature, while others result from
manufacturing processes that supply their needs,
thus posing a health risk. Furthermore, waste-
water is often deposited in rivers and seas with-
out prior treatment, causing pollution to increase
significantly worldwide [1]. In Colombia, accord-
ing to the report on sanitation discharge from the
Ministry of Housing, only 54.30% of the urban
wastewater generated was treated in 2022, which is
a low percentage considering that the report does
not include rural wastewater [2]. The problem of
wastewater management has been widespread in
Colombia and other Latin American countries
such as Ecuador. In Colombia, for more than a
decade, it has been presented due to factors such
as coverage and cost. The coverage problem arises
because only 48.2% of the country’s municipalities
have a Wastewater Treatment Plant - wwTp [3],
while the cost problem arises because the imple-
mentation of a wwTP ranges from $200,000,000
($usp 54,000) to $977,000,000 ($usD 264,000)
depending on its size and equipment [3]-[5]. In
Ecuador, existing wwTPs are not enough to cover
the total population demand, and a basic treat-
ment plant can cost around $usp 31,700 [6].
Wastewater treatment is developed through dif-
ferent stages: primary treatment, secondary treat-
ment, and tertiary treatment, which can be carried
out by means of different types or treatment pro-
cesses: physical, biological, chemical, advanced,
etc. In this paper, the contribution is oriented
towards secondary treatment in a prototype waste-
water treatment plant (wwTP) using a biological
process [1], [5]. The most widely used biological
process for the treatment of domestic or industrial
wastewater is activated sludge, which can be devel-
oped in combination with other methods given
its characteristics. In [7], a wastewater treatment
is performed combining the activated sludge pro-
cess with activated carbon to optimize the removal
of organic pollutants in wastewater generated by
chemical pollutants. Another way of wastewater
treatment is proposed in [8], where they combine

the high rate activated sludge process (HRAS) with
a vertical up flow wetland (Tvucw) to perform
wastewater treatment with low energy consump-
tion, achieving high energy production from the
combination of aerobic and anaerobic processes.
Another variation of activated sludge treatment
is the addition of algae to the process. The algae
contributed to the reduction of membrane clog-
ging in the bioreactors. Furthermore, the applica-
tion of an intermittent electric field (5 min on and

f M in mem-

20 min off) at a current density o
brane bioreactors improved the removal of organic
matter [9]. A limitation of the work in [4], [7]-[11]
is that the wastewater treatment plants used are
large-scale (for a population of about 1000).
Activated sludge is a living microorganism that
requires optimal conditions of temperature, oxy-
gen, and hydrogen potential (pH) to ensure that the
organic matter present in wastewater is properly
removed [5]. Therefore, in biological wastewater
treatment systems, real-time control and monitor-
ing systems should be implemented to help main-
tain process variables within the desired values.
One way of controlling temperature is presented in
[10], where a mathematical model aAsm1 (Activated
Sludge Model) is established that has a direct influ-
ence on the temperature within the process and
highlights the importance of precise control of this
variable to ensure proper treatment. In [12], a cool-
ing system was applied to closed photobioreactors
(PBR) to maintain the temperature in the range of
20 to 30°C. However, although these systems are
robust and work well, they generate cost overruns
in the implementation of a wwTP. Another study
shows the implementation of a pIp controller for
temperature within a wastewater treatment plant
in the city of Huancayo - Peru. This may be one
of the most complete classical controllers that have
been implemented in a large-scale wwTp; however,
in the work done, other physical variables such as
dissolved oxygen (po) and pH, which are of great
importance in wastewater biological processes,
were not considered [13]. Regarding Do, this must
be constant inside the reactors where wastewater
treatment is performed so that activated sludge
can perform an effective decomposition of the
organic matter present in the water to be treated

Visualization and Control System for a Wastewater Laboratory Plant with Biological Treatment



[14]. Therefore, a set of DO real-time control and
monitoring systems is presented in [14]-[16]. For
example, in [16] a simple p1 controller is proposed
to ensure the DO concentration inside an aeration
tank at an; .

In this work, an electronic instrumentation and
real-time control system for a prototype wastewa-
ter treatment plant (WwTp) with activated sludge
is presented. The proposed methods have previ-
ously been evaluated through real-time simula-
tions using real mathematical models of the wwTp
to be implemented. The main contributions of this
paper to the engineering area are presented from
the methodology, theory, and results.

The methodology adopted in the research
development contributed to the design and imple-
mentation of a real-time temperature control sys-
tem for a prototype wastewater treatment plant
with activated sludge, contributing to the inte-
gration of knowledge in basic science (biology)
and applied science (Electronic engineering) that
allowed the monitoring and control of the physical
variables of the process.

Another important contribution to engineer-
ing from the methodology employed is the use of
real mathematical models for the design, simula-
tion and implementation process of the instru-
mentation and control system developed, allowing
us to understand the behavior of the system and
to optimize its operation. Additionally, practical
techniques were applied in the tuning of PID con-
trollers and different software tools were integrated
for their implementation, which shows that con-
trollers can be designed from experimental pro-
cesses that have support in classical control theory.
The theoretical contribution of the research to

engineering is focused on the application of elec-
tronic principles oriented to the design and control
of biological processes, contributing not only to
the development of interdisciplinary applications
that generate environmentally friendly solutions
but also to allowing the conceptual foundations
of biological processes with mathematical mod-
els through which insights can be provided on
the dynamics and behavior of the implemented
system.

Revista Ciencia e Ingenieria Neogranadina = Vol. 34(1)

At the level of results, the contribution to engi-
neering is evidenced in the validation of control
systems applied to experimental prototypes that
allow knowing the performance of the system
under real operating conditions. Furthermore,
the results obtained allow thinking about other
alternatives for wastewater treatment, since by
improving the efficiency of the proposed system,
contamination of water sources can be mitigated,
contributing new possibilities to biological pro-
cesses. However, physicochemical analyses carried
out in the Universidad del Quindio Water Labo-
ratory provide relevant information on the condi-
tion of the effluent obtained and allow engineering
to generate advanced control processes in search
of water with higher quality suitable for different
uses.

Finally, the paper is organized as follows: in
Section II the materials and methods used for the
implementation of the ppTAR are presented. In
Section III the experimental results for the simu-
lations and the real-time implementations of the
control and visualization systems are discussed.
Section IV presents the conclusions obtained from
the research development.

Materials and Methods
Materials

Wastewater Treatment Plant Prototype

In this paper, a prototype wastewater treatment
plant with activated sludge is presented. Since
the focus of the process is on secondary treat-
ment of wastewater, the system consists of two
storage tanks or reactors, as depicted in Figure 1.
These reactors are designed for continuous flow
and complete mixing, ensuring that influent par-
ticles are rapidly dispersed throughout the reactor,
thereby promoting homogeneity in composition
and volume, consistent with the effluent [1].

The first Tank, known as the aeration tank, is
responsible for receiving and storing the influent
water to be treated. The second Tank, referred to as
the sedimentation tank, which corresponds to the
space where the microorganisms responsible for
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the treatment stage are deposited, and the effluent
of the treated water is obtained. In addition to the
aeration and sedimentation tanks, the system has
a motor pump for sludge recirculation and mix-
ing with the effluent. The volume of the proposed
wastewater treatment plant prototype is approxi-
mately 5.1 liters.

Activated Sludge Process

The activated sludge process was developed in
1914 in England by engineers William Lockett and
Edward Arden [1], [17], [18]. Activated sludges are
microorganisms that remove contaminants pres-
ent in treated water through a highly active surface
for the adsorption of suspended materials, break-
ing down organic matter into simpler elements
with a much lower pollutant load. The treatment
of wastewater by activated sludge is an aerobic
biological process that requires at least one aera-
tion tank to combine the water to be treated with
the biological floc and a sedimentation tank with
recirculation in which the treated water is sepa-
rated from the activated sludge [1], [5], [18], [19].
Activated sludge is considered an aquatic world
because it is made up of a wide variety of microor-
ganisms including bacteria, fungi, algae, protozoa,

metazoa, among others [1], [20], [21]. Bacteria rep-
resent the most important group of microorgan-
isms within the activated sludge process due to
their role in stabilizing organic material and the
formation of biological floc [1]. To better under-
stand how the different types of microorganisms
develop in the activated sludge process, consider
the relative dominance diagram in Figure 2.
Figure 2 shows that the development of acti-
vated sludge begins at point A after wastewater is
introduced into the aeration tank. After an aera-
tion process, we are located at point B, where the
saccharomyces reaches their maximum peak.
Saccharomyces develops proportionally to the
amount of food; if the food is high, there will be
a large amount of saccharomyces and if the food
decreases, the population of saccharomyces will
decrease as well. At point C, the maximum peak
of flagellated protozoa is reached, which consume
much more food than sacordina because they are
much more active microorganisms. Then, at point
D, bacteria and free ciliates reach their maximum
population level. These microorganisms consume
less food than sacordina and protozoa. At this
point, the maximum total rate of microorganisms
is reached, so the activated sludge process takes

Figure 1. Wastewater treatment plant prototype system proposed
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Source: The authors.
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Figure 2. Activated sludge relative dominance diagram
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place in this zone. Finally, at point E, the maxi-
mum population of attached ciliates and rotifers
is reached and, because at this point the food or
B.0.D is minimal, the microbial mass cannot be
sustained, causing cells to die [1], [5], [18].

The treatment carried out focused on the sec-
ondary treatment stage, because at this point the
wastewater to be treated contains high amounts of
organic material. In our case, a conventional acti-
vated sludge system was implemented as shown in
Figure 3.

The conventional activated sludge system
consists of a mixture of recirculated sludge and

Figure 3. Conventional activated sludge system

Wastewater Aireation
_—

Activated sludge

_—
tank

wastewater that enters the aeration tank, is
retained, and aerated for a retention time while the
microorganisms stabilize the organic matter, and
then passes to the sedimentation tank where the
biological floc and wastewater are separated, gen-
erating a clear and clean effluent with low organic

content [1], [18], [20].
Temperature and DO sensor

The sensor used for the measurement of physi-
cal variables in the wastewater treatment process
was the EXTECH INSTRUMENTS 407510 industrial
meter. We chose this sensor because it allowed

Effluent
tank

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Source: The authors.
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for simultaneous measurement of the tempera-
ture and oxygen in air and the dissolved oxygen.
Units of measurement for po are mg/l, for oxy-
gen in air, it is %, and for temperature, it is °C/°F.
As an industrial instrument, the 407510 also has
an Rs-232 interface, data retention, minimum,
maximum, and average data logging and a 16-bit
length, which allows the system to be scaled up in
the future using industrial protocols. The EXTECH
407510 meter is shown in Figure 4.

Figure 4. EXTECH INSTRUMENTS Temperature and bo Meter

Source: [22].

Methods

Aeration System

The purpose of the aeration process in wastewater
treatment with activated sludge is to supply oxygen
to microorganisms, keep the microorganisms in
suspension, and maintain direct contact between
the waste generated and the activated sludge.

In an aerobic process, wastewater retention times
range from 0.5 to 24 hours and vary depending
on the type of aeration implemented. In aerobic
processes, it is essential to maintain oxygen con-
ditions throughout the tank in such a way as to
ensure the predominance of the optimal classes
of microorganisms and a more stable decomposi-
tion of material [1], [5], [18]. According to different
authors in the literature, there are different aera-
tion processes, among which are:

= Conventional system with gradual aeration.
= Conventional system with gradual aeration.
= Complete mixing process.

= Kraus process.

= High-rate process.

» Stabilization and contact process.

» Extended aeration process.

= Pure oxygen process.

For our research, we used the extended aera-
tion process, which guarantees complete mixing
with long aeration times. Another important fac-
tor for using prolonged aeration is that it is applied
to compact prefabricated treatment systems with
a flow rate of less than 400 m’/d and our system
fits these characteristics, since it is an experimen-
tal prototype whose flow rate is 0.1224 m*/d [1], [5],
(18], [20].

Temperature and bo Measurement

The measurement of temperature and po in the
proposed wastewater treatment system with acti-
vated sludge was carried out in tank 2 because
that is where the microorganisms are in charge of
treatment. The measurement taken by the sensor
is stored in a 16-bytes record that is distributed
according to the information presented in Table 1.

The information presented in Table 2 is inter-
preted as follows: The second byte indicates the
reading for the temperature variable, if this value
is 2 the measurement is made at °C and if it is 3 it
is made at °F. The fifth byte indicates the oxygen
reading, if this value is 6 corresponds to oxygen
in air (O?) and if it is 7 it corresponds to Do (mg/]).

Visualization and Control System for a Wastewater Laboratory Plant with Biological Treatment
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Table 1. Data reading log for EXTECH INSTRUMENTS 407510 meters.

Byte Byte | Byte | Byte | Byte | Byte | Byte
number 2 3 4 5 6 7

Byte | Byte | Byte | Byte | Byte | Byte | Byte | Byte

DE]E:] 2 1 0 7 1 1

Source: The authors.

Bytes 8,9, 10 and 11, indicate the temperature value
realized by the equipment (24.5), bytes 12, 13, 14
and 15, indicate the oxygen level realized by the
equipment (01.81). Byte 16 corresponds to the end
of the data frame and indicates to the system that
the buffer is full; depending on the configuration
of the measuring equipment, the confirmation of
data sending can be given with the number 0X0D
(hexadecimal). After having the data in the buffer,
it is sent through the rRs-232 serial protocol to the
computer to be processed and displayed. Figure 5
shows how the temperature and po variables are
measured and sent.

However, it is important to highlight that,
although the research work focused on monitor-
ing and controlling variables such as temperature
and Do, the wastewater treatment plant prototype
also included monitoring of other variables such
as pH and level, which were not controlled in this
experimental development, but can be controlled
in the future through control techniques for mul-
tivariable processes.

System identification Toolbox

The System Identification Toolbox is a tool pro-
vided by marrLas for identifying models of
dynamical systems from measured data. With

System Identification, you can estimate different
models, including linear and nonlinear systems.
It also allows you to obtain the representation of a
model in different forms, such as a transfer func-
tion or state space, and to compare the responses
of different models. Figure 6 shows the MATLAB
System Identification Toolbox user interface [23].

Proposed control system

The control technique used focused on the design
and implementation of a classical controller such
as a PID. Recall that the objective of the research
was to validate whether the experimental design
of a prototype wastewater treatment plant is suit-
able for treatment in isolated areas of urban perim-
eters or in areas of sparsely populated populations.
The PID controller shown in Figure 7 is a classi-
cal control technique used in many industrial and
academic applications [5], [24]. The massification
in the use of pPID controllers is because it is a con-
trol technique that allows on-site tuning while the
system is operating, and currently in the literature
there are different rules for tuning and multiple
internal structures [5]. Another important aspect
of PID controllers is that they are generally applied
in any system, even when their mathematical
model is not known [24], [25], [26].

Figure 5. Block diagram for temperature and Do measurement
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Sl Send data to

RS-232
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Source: The authors.
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Figure 6. System Identification Toolbox user interface
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Figure 7. Classical PID controller structure
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wastewater treatment. For this reason and to guar-
antee the methanogenic activity of microorgan-
isms, it is important to ensure that the temperature
inside tank 2 operates in a range of 20°C to 302C [1],
[12]. In the development of this research, an exper-
imental wastewater treatment system was used,

Results

Temperature Estimation Model

As mentioned above, temperature control is an
important factor in the development of aerobic

processes because this variable directly affects
the growth of microorganisms that will carry out

the mathematical model of which was obtained
through the maTLAB Identification Toolbox.

Visualization and Control System for a Wastewater Laboratory Plant with Biological Treatment



The modeling process started with the col-
lection of temperature data at 2-minute intervals
for one week. After data collection, the values
obtained for the temperature in the tanks were
averaged, generating as a result the response pre-
sented in Figure 8.

Figure 8 shows that the temperature in tank 2
has the typical shape of a first-order system with
a small dead time. On the other hand, the behav-
ior of the temperature in tank 1 has the form of a
second-order system with a small overshoot (18%).

Figure 8. Temperature response for WWTPP purpose

Temperature in WWTPP
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The behavior presented in tank 1 was expected
since in this tank the heating process of the waste-
water that enters the system and falls by gravity to
the sedimentation tank takes place. This process is
carried out to avoid thermal shock to the microor-
ganisms due to strong temperature changes.

Then we introduce the data of the temperature
variable to the MATLAB identification system to
obtain a transfer function representation of the
system. The result of the procedure is shown in
Figure 9.

29, —— Temp (°C) tank 1
284 o
274 Temp (°C) tank 1
& 2
g 254
& 241
é_ 234
8 224
214
20
19 ‘ : : : : : : )
0 10 20 30 40 50 60 70 80
Time (min)
Source: The authors.
Figure 9. System Identification Process
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To perform the identification procedure of the
mathematical model shown in Figure 8, 100% of
all available data for the temperature variable
were used and divided into 70% for work and
30% for validation of the estimated system. When
the identification process was carried out, mod-
els with a correspondence of 86.49% and 91.31%
were obtained. The system with a correspondence
of -1055 was discarded because it did not present
any correspondence with the data obtained for the
system. The result for the identification process is
shown in Figure 10.

Figure 10. Result for system identification process
"4 Model Output: y1 - (w] X

File Options Style Channel Experiment Help

{geasured (Validation) and simulated model output

Best Fits
20 tf3: 91.31
tf1: 86.49
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10

5 e

//// \\
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Time
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Reference data: Validation, Horizon: SIMULATION

Source: The authors.

Figure 11. Estimation of sampling time for Gs.

raices = roots(cell2mat(Gs.Denominator));
Wmax = abs(raices);

Wmax = Wmax(1,1);

Tm = (pi/(5*Wmax));

Source: The authors.

By choosing the estimated model with an
approximation of 91,31%, we obtain the transfer
function presented as follows:

0.0018803S + 0.000001404
T 5z + 0.0099452S + 0.000006309

Gs 1)

Since we wanted to implement a discrete con-
troller that would allow the concentration of all
the signals of the proposed system in a central
processing unit and a display device, the transfer
function was discretized in MATLAB through the
instructions presented in Figure 11.

To discretize the system, we chose a sampling
frequency (f) 1 0 times higher than the maximum
system frequency (f,,.,) of the system. We did this
because we wanted to improve the response speed
of the control strategy. The discrete transfer func-
tion obtained for a sampling time of 1 second is
the following:

., _ 00018727 — 0.00187
‘= 7721997 + 0.9901 )

The step response for the systems represented
in equations (1) and (2) is shown in Figure 12.

A comparison of the time response of the tem-
perature in tank 2 with that of the identified system
is shown in Figure 13 shows a comparison of the
time response of the temperature in tank 2 with
that of the identified system. It can be observed
that the identified system has a faster growth than
the system represented by the original data in the

%Get the roots of Gs (Poles)

%0btain the magnitude of the roots of Gs
%Choose the highest frequency of Gs
%Calculate the sampling time of Gs
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Figure 12. Time response of the continuous and discrete transfer functions for the proposed wwTpp
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Figure 13. Temperature in tank 2 for the wwTpp
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first two sections of the figure, but both systems
have similar settling times and amplitudes. The
identified system has a faster growth than the sys-
tem represented by the original data in the first
two sections of the figure, but both systems have
similar settling times and amplitudes.

Controller Design

To design a pID controller, there are different tun-
ing techniques, such as those proposed by Ziegler
and Nichols, Cohen and Coon, Lopez et al, among
others [28], [29]. The controller tuning rules are
mainly based on the response parameters of the
systems to be controlled and their characteristics.
In addition to the tuning rules mentioned above,
MATLAB offers a set of tools such as sisoTooL,

rRLTOOL and the pID Tuner that allow designing
and tuning controllers.

In our research, we used MATLAB’s PID Tuner
tool because it is an interactive tool, easy to use, and
allows tuning of pID, p1, PD and other variations of
PID controllers. Figure x shows the response of the
controller designed for the previously identified
system.

The design of a controller using MATLAB’s PID
Tuner starts by executing the pidTuner in the MAT-
LAB command window. Subsequently, the transfer
function of the plant or process to be controlled
must be loaded as indicated by number 1 in Figure
14. Then the shape and type of the controller to be
made must be chosen as indicated by number 2 in
Figure 14. For our case, we choose a standard shape
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Figure 14. MATLAB PID Tuner configuration
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and PID type controller. After this, the controller 18.55s2 + 16565 + 17.01
parameters are adjusted in terms of response time s= 3)

and transient behavior. Finally, the equation of
the controller obtained is exported to the MATLAB
workspace as indicated by number 3 in Figure 14.

The parameters obtained for the designed piD
controller, and its equation are presented in Table
2 and Equation , respectively. There, the control-
ler design was focused on improving the response
speed of the system, considering a settling time
seconds.

Table 2. PID controller parameters

Kp 9.2726
Ki 97.3322
Kd 0.0055997
Rise time 114 seconds
Settfiing time 180 seconds
Overshoot 0.762%
Peak 1.01
Closed-loop stability Stable

Source: The authors.

s2+178.6s

Obtaining the discrete transfer function for Cs,
we obtain:

18.55z% — 27.72z + 9.273
Cz =

4

72—z

Performance Test

To implement the PID controller in the wastewa-
ter system, a virtual instrument in LabviEw was
used to concentrate the variables and parameters
required to adjust the process conditions. The rea-
sons why we chose LabviEw for the final imple-
mentation of the visualization and temperature
control system in the wastewater treatment plant
prototype are the following:

= The pDAQ used to take the data in the system was
manufactured by National Instruments, the
same manufacturers of Labview [30].

The sensor used to measure temperature insi-
de the system has an rRs-232 interface to send
data that offers easy integration with LabvieEw
due to its drivers and visa toolkits for serial
communication.

Visualization and Control System for a Wastewater Laboratory Plant with Biological Treatment
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= Labview offers an interactive and easy-to-use The implementation of the pID controller in
front panel or graphical user interface through  Labview through (4) is presented in Figure 15.
which you can adjust the different parameters After the implementation of the PID controller,
of the controller when required. the graphical user interface presented in Figure 16

Figure 15. PID controller implementation in LabviEw

-

Temperature i
measurement Derivative gain

: B,

Integral gain

Source: The authors.

Figure 16. LabviEw control panel for the wwTpp

Source: The authors.
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was developed. Through this interface, the user
can continuously monitor the wastewater treat-
ment process and can adjust operating parameters
when necessary to ensure optimal conditions for
the microorganisms.

Subsequently, the control system was integrated
with the wwTPP as shown in Figure 17 to monitor
the wastewater treatment and cleaning cycles.

With the visualization and control system for
the prototype plant in operation, water treatment
was performed on an influent with the character-
istics presented in Table 3.

After treating the wastewater presented in
Table 3, with retention times of 12 to 36 hours for

two weeks, treated effluent water with the charac-
teristics presented in Table 4 was obtained.

In relation to the results presented in Table 4 for
treated wastewater, it was found that the treatment
efficiency obtained of 67% was obtained from the
effluent values prior to treatment Table 3. Further-
more, it was found that the effluent obtained does
not meet the sanitary characteristics established in
[31]-[33] for human consumption.

Conclusions

The results obtained for wastewater treatment
show that the implemented secondary treatment

Figure 17. Visualization and control system for a wastewater laboratory plant

Source: The authors.

Table 3. Identification of the wastewater sample to be
treated

Physicochemical And Bacteriological Analysis of Water

Sample source: Textile industry

Water of strong blue hue
with settleable solids

Parameter Result

Appearance:

pH (Units) 8.701
2 Suspended solids (mg/l) 78
3 Sedimentable solids (mg/i/h) 13
4 C.0.D(mg/10,) 935
5 B.0.D(mg/10) 415

Table 4. Results of treated water

Physicochemecal and Bacteriological Analysis of Water

Sample source: Textile industry

Water of strong blue hue
with settleable solids

Parameter Result

Appearance:

pH (Units) 7.940
2 Suspended solids (mg/l) 12
3 Sedimentable solids (mg/I/h) 0.1
4 C.0.D(mg/10,) 290
5 B.0.D(mg/10,) 138

Source: The authors.

Source: The authors.
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does not provide an effluent suitable for human
consumption. However, the results obtained show
that treated water can be used in other secondary
human activities in sectors such as agriculture or
industry, which is relevant for regions where water
shortages may occur or where water reuse can mit-
igate environmental impacts.

One of the reasons why treated water is possi-
bly not suitable for use in primary human activi-
ties is the small size of the implemented prototype,
since it is an experimental plant with an area of
less than 1 m?* (commercial plants require a mini-
mum area of 30 m?), the retention times of the
process had to be varied without the possibility of
increasing the flow rates of sludge, preventing an
increase in the amount of microorganisms during
the treatment period. However, the control system
implemented in the prototype wastewater treat-
ment plant achieved the appropriate conditions for
the methanogenic activity of the microorganisms
responsible for the treatment. This is reflected in
the good results obtained despite the operational
restrictions where, using a prototype of non-con-
ventional dimensions, a yield of more than was
achieved.

The biological results achieved for the treated
effluent under established operating conditions
showed a reduction in B.0.D close to This reduc-
tion is significant because it indicates the amount
of oxygen that the microorganisms responsible for
the treatment need to decompose the organic mat-
ter present in the effluent. The reduced c.0.p was
, indicating that the total amount of organic and
inorganic matter in the water decreased; there-
fore, its reduction indicates that the overall pol-
lutant load of the effluent is lower. The reduction
in suspended solids was and of settleable solids
was , indicating an improvement in water tone
and minimizing possible obstructions in receiv-
ing water bodies and treatment facilities. Finally,
a pH of was achieved, which is beneficial for most
aquatic ecosystems, as it helps to reduce the cor-
rosiveness of the water.

Given the characteristics of the system and
the fact that the pip controller was designed to
improve the response speed of the system, it was
not possible to obtain a settlement time of more

Revista Ciencia e Ingenieria Neogranadina = Vol. 34(1)

than 180 seconds. If we reduced the settling time
much further, the response of the system would
start to overshoot, causing the microorganisms
to be subjected to higher temperature variations,
resulting in thermal shock. However, the actual
response of the PID controller during the wastewa-
ter treatment stages was 215 seconds, because the
controller obtained with the MATLAB PID Tuner
tool generated an overshoot of 0.76\% that could
raise the temperature outside the allowed values
when approaching the boundary values.
Experimental developments such as the one
carried out in this research show alternatives for
low-cost wastewater treatment in rural areas and
areas far from urban perimeters where there is no
treatment plant. This would allow more than of
the wastewater generated to be treated for emerg-
ing activities or, why not, for human consumption.
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