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Abstract

Vertical roller mills, (VRM), are widely used for
grinding raw materials in factories engaged in the
extraction and processing of minerals. Any machine

Resumen

Los molinos verticales de rodillos (VRM), son
maquinas muy utilizadas para moler materia prima en
fabricas dedicadas a la extraccion y procesamiento de

used for grinding or crushing consumes around 30 tominerales. Cualquier maquina ocupada para moler o

40% of the energy of a factory. The loading pressure,
table rotation speed, moisture content, outlet
temperature and pressure rollers are variables that can
be controlled to decrease the specific energy
consumption Ecs. This paper poses an optimization
problem in order to reduce the energy consumption of a
VRM used to produce cement and to find the optimal
parameters of the operating variables. Several packages
are used to solve the nonlinear programming problem,
with very good results in terms of accuracy and speed
of convergence, but those provided by the Pyomo
package are used because it obtains more accurate
results. Comparing the result of the objective function
with the energy consumption of a well-known cement
company in Ecuador, it is concluded that the optimized
parameters are able to reduce by 25% the energy
consumption guaranteeing a minimum production of
2200 tons of cement per day, so the model is correctly
validated.

Index terms—— efficiency,
optimization, vertical mill.

grinding  process,

Recibido: 15-09-2023, Aprobado tras revision: 15-12-2023

triturar consume alrededor del 30 0 40% de la energia
de una fabrica. La presion de carga, la velocidad de
rotacion de la mesa, el contenido de humedad,
temperatura de salida del molino y presion de los
rodillos son variables que se pueden controlar para
disminuir el consumo de energia especifica (Ecs). Este
trabajo plantea un problema de optimizacion con el fin
de reducir el consumo energético de un VRM utilizado
para producir cemento y encontrar los pardmetros
optimos de las variables de operacion. Se utilizan varios
paquetes para resolver el problema de programacion no
lineal, obteniendo resultados muy buenos respecto a la
precision y velocidad de convergencia, pero se usan
aquellos proporcionados por el paquete Pyomo ya que
obtienen resultados mdas exactos. Comparando el
resultado de la funcion objetivo con el consumo
energético de una empresa cementera en Ecuador se
concluye que los parametros optimizados son capaces
de reducir en un 25% el consumo energético
garantizando una produccion minima de 2200 toneladas
de cemento diarias por lo que el modelo se valida
correctamente.

Palabras clave —- eficiencia, proceso de molienda,
optimizacion, molino vertical.
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1. INTRODUCTION

Minning is an economic activity that has been
growing since the beginning of the 20th century. From
1920 to 2018 the rate of exploitation of each mineral has
varied from 1.48% to 7.3% measured in megatons (Mt)
[1]. Since the end of the 1990s, mineral exploitation has
advanced at a much higher rate than in previous years,
which has caused an accelerated depletion of mineral
resources [2]. Among the largest industries that make use
of the exploited minerals, metallurgy, oil and cement can
be named. The cement industry complies with providing
the main material for construction, which is cement and
which has been key to the process of human civilization

[3].

For the cement grinding process, two machines can
be used, which are: a ball mill or a VRM vertical roller
mill. The ball mill makes use of grinding bodies and they
have been the main tool for more than 100 years,
although they have a low efficiency, while the vertical
mills are much more modern tools that are capable of
saving between 45 to 70% of the power consumed [4].

It is important to know that the cement classification
process in a VRM can be carried out by air sweep or by
overflow the use of the overflow model suggests more
energy savings than the sweep model, however it is
useless in certain conditions operation (VRM motor at
full load or rater load pressure) such as particle size,
moisture or hardness [5]. This directly influences energy
consumption and the characteristics and quality of the
cement.

Some methods to improve the grinding process vary
one parameter at a time such as the loading force, the rate
of revolution or the fractional filling [6]. Some studies
also try to predict energy consumption taking into
account the characteristics of the material to be ground in
the VRM [7]. An energy and exergy analysis are used to
compare the ball mill and the VRM, finding that the
VRM is more efficient and consumes less energy,
maintaining the quality parameters of the product, so its
use is recommended [8]. The grinding performance has
been improved by increasing the grinding surface, in
addition, it has been compared with other processes such
as jaw crushing and the ball mill, finding the VRM with
better characteristics in product quality and energy
efficiency [9]. A model of material failure can provide
different energy levels, which can help improve energy
efficiency [10]. With the above, it is observed that no
research makes use of optimization methods to find
adequate operating parameters in vertical mills.

Crushing processes consume about 3 to 4% of the
electricity generated worldwide and about 70% of the
energy required in an industry dedicated to mineral
processing [11]. That is why it is important to optimize
the cement grinding process, in order to obtain better
efficiency with the lowest consumption of electrical
energy, in addition, it is necessary to take into account

N

certain operating parameters to guarantee a quality
product.

Most of the works related to energy consumption
vary a single parameter at a time, propose models, make
comparisons between grinding processes or perform
various energy analyses. The present work takes into
account five important parameters in the operation of any
VRM such as the load pressure, humidity, the speed of
rotation of the motor, outlet temperature and pressure
roller [12].

This document is structured by: section one presents
the introduction, in the second section is presented the
related work, the third section explains the milling
process in vertical mills, the methodology used is
explained in the fourth section, while in the fifth section
all the results obtained are presented and finally, in the
last section, the conclusions that were obtained.

2. RELATED WORKS

The search for optimal operating parameters in
vertical milling processes is essential to guarantee a
product under all quality standards and that unplanned
shutdowns are considerably reduced. However, the
complexities of the models or the handling of proprietary
software make this task difficult.

There are several optimizations works related to
vertical roller mills. The one proposed by [13] proposes
the design of the lower rocker arm body that supports the
roller and take as optimization objective function the
mass of the rocker arm and as constraint conditions the
stresses and displacements generated by the roller in the
rocker arm in order to decrease the mass while
conserving the resistance and deformation. In this way,
the design is optimized and the cost is reduced by saving
material.

A VRM in its normal operation undergoes cyclic
bending stresses due to the roller load which can cause
fractures in the mill table so [14] makes use of artificial
neural networks to solve the multi-objective optimization
problem by determining the maximum and minimum
stresses to which the vertical mill can be subjected.

High vibration in a VRM can considerably reduce
productivity, using the 7 quality tools and together with
a vibrational analysis, an optimization model is obtained
that achieves improved productivity and reduced
downtime [15].

To predict the vibrations in the upper case of the
VRM, use can be made of the fruit fly optimization
algorithm (FOA). It shows better precision in
simulations. As a result, a vibration pattern can be
predicted which will help to understand the state of the
VRM and take new safety precautions [16].
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Another way to optimize the load and the quality of
the cement is by using expert PID controllers, increasing
the production of the cement in vertical roller mills [17].

Although there are already some optimization works
in the field of VRMs, there are still few or almost none
those works that aim to optimize key parameters in the
operation in order to reduce electricity consumption.

3. GRINDING PROCESS IN VERTICAL ROLLER
MILLS (VRM)

A vertical roller mill is suitable equipment for
grinding and drying wet materials, which can be carried
out in the same equipment [18]. Some of the materials
that can be processed in a VRM are:

1) Clinker for cement manufacturing

2) Raw materials for cement manufacturing
3) Pozzolan

4) Metal dross

The grinding process in a VRM is carried out by
placing a certain amount of material on a horizontal
surface that is in motion, at a pressure sufficient to
fracture the materials on the bed. The bed materials are
considerably smaller, so it is necessary to form a stable
grinding bed between the rollers and the grinding table to
withstand the pressure without the material being ejected
from the grinding pressure zone. [19].

A vertical roller mill can be divided into 3 sections.

1) Motor and gears
2) Grinding
3) Drying and separation.

In the grinding process, the material is fed to the
grinding table and due to its speed, the material is
directed towards the rollers where it is milled. This
process is one of the most efficient in the cement industry
[15].

The drying process consists of a stream of
recirculated gases, which can come from the clinker kiln
or from hot gas generators. Drying usually occurs on the
mill table and in the vertical sections towards the
separator [20].

Finally, the pressure exerted by the rollers on the table
causes the material to rise towards the separator which
together with fixed plates and the cage separates the
material to the desired size. The rejected coarse material
is recirculated back to the mill [20].

In Fig. 1, shows a vertical roller mill in which the
three sections mentioned above can be easily
distinguished. The motor, grinding table, rollers and
separator are clearly visible. The material and hot gas
inlet ducts and the material outlet can also be seen.
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Figure 1: Vertical Roller Mill

4. METHODOLOGY
4.1 Mathematical Model

In grinding processes, it is common to use the specific
energy [21]as observed in (1).

_ kWh

cs —

)

ton

The ratio between the kilowatt hour, which is the unit
of measurement for accounting for electricity
consumption, and the kilogram, which is the unit of
measurement for mass, is also known as energy
efficiency and is widely used in the field of mineral
processing. This allows the performance of the grinding
process to be evaluated as well.

In vertical roller mills there are several factors that
influence the performance of the grinding process [22]
which are moisture content (mc), grinding table rotation
speed (s), load pressure (P), outlet temperature (T) and
the pressure rollers (Pr).

The specific energy model [23] can be seen in (2).
The resulting model is non-linear, so some variables,
such as roller pressure and speed, are of degree two and
other variables can be multiplied by others. There is only
one independent term.

The model was developed using the Box-Behnken
method, using historical data on the energy consumption
of the VRM and the number of tons of cement produced.
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E..=0.01768 + 0.01765s
—0.003mc —0.03T + 0.0173Pr
—0.004P+«Pr+0.017s*T

2

—0.02T * Pr + 0.015 s% + 0. 004 Pr?

Taking into account the above, the formulation of the
optimization problem is as follows:

Minimize Z =0.01768 + 0. 01765s

—0.003mc —0.03T + 0.0173Pr 3)
—0.004P«Pr +0.017s «T
—0.02T + Pr + 0.015 s? + 0. 004 Pr>
Subject to:

22 <P <28 mbar (3a)

886 <5 <1198 rpm (3b)
0<mc<3% o)

0<T<97°C (3d)

100 < Pr <190 bar (3e)

The restriction data are obtained using a Pffeifer
vertical roller mill. Parameter intervals documented in
articles, manuals and INEN standards were taken into
account. To guarantee a desired fineness of less than 45
microns in the case of cement, a charge pressure between

vf(P,s,mc,T, Pr) =[—0.004 = Pr,
0.03xs+0.017+T+0.01765,
—0.003,
0.017 * —0.02 * Pr +0.0173
—0.004 P —0.02+T + 0.008 * Pr]

“

(5)
Hf(P,s, mc, Pr,T) =

cocoococo
coo g
cocoococo
cocoocoo
Sococoo

[ 0.008]

From the Hessian matrix, its eigenvalues (6) are
obtained, which are equal to or greater than zero, so it is
a positive semi-definite matrix.

A=1[0,0.03,0,0.008,0] (6)

Taking into account the considerations that the

gradient is greater than zero and the Hessian matrix is

positive semidefinite, the objective function presents
convexity.

With this in mind, we proceed to solve the
optimization problem proposed in (3). In this case, in
addition to the Python programming language, nonlinear
programming solvers from the Pyomo and Scipy
packages are uses. Both solvers are used to ensure the
accuracy and speed of convergence of the model and to
select the model that yields parameter values that meet
the constraints of the optimization problem.

The Pyomo package uses the ipopt solver [27] to

22 and 28 mbar [24] as observed in restriction (3a), a solve nonlinear programming problems. Table 1 shows

pressure of the rollers between 100 and 190 mbar [24]
defined in the restriction (3e), speed between 886 and
1198 rpm [25] as indicated in the restriction (3b) the
moisture content between 0 and 3% [26] as observed in
restriction (3c¢), and the outlet temperature between 0 and
97 °C [26] be used as indicated in the restriction (3d).

4.2 Model Optimization

The objective function of the proposed model clearly
presents non-linear terms, so it must be solved using non-
linear programming methods. To choose the appropriate
method it is necessary to check certain characteristics of
the objective function.

As a first step it is necessary to check the convexity
or concavity of the function. For this it is necessary to
obtain the gradient (4) and Hessian of the objective
function (5).
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the optimal values for each variable and the objective
function.

Table 1: Optimized values obtained using Pyomo

Variables Optimized Value
P 28
s 886
mc 3
T 0
Pr 100
V4 11.82

Finally, the Scipy package makes use of sequential
least-squares programming [28], which is a widely used
solver for non-linear programming problems. In Table 2,
you can see the optimized values using Scipy.

Table 2: Optimized values obtained using Scipy

Variables Optimized Value
P 27.99
s 885.99
mc 2.99
T 0
Pr 99.99
Z 11.82
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5. DISCUSSION

The benefits of optimizing any process or model are
many, such as better tuning the parameters of a particular
controller or reducing associated costs by making it more
efficient. The grinding process optimized in this work is
important because it provides the optimum operating
parameters. Optimized parameters avoid potential
damage to machine components, such as preventing
VRM rolls from breaking due to out-of-range operating
parameters or high energy consumption with low
production.

Grinding in the cement industry is a critical process
as it is the last step before the finished product is
obtained. There are other sub-processes involved in
grinding, such as material transport or separation, but this
work focuses on the actual grinding process that takes
place within the VRM.

In Ecuador, there are several companies dedicated to
the production of cement. In the center of the country
there is a well-known cement industry from which the
energy consumption data for the grinding process could
be obtained. For reasons of confidentiality, the name of
the company is withheld.

The company's grinding process consists of a VRM,
which will replace a ball mill previously used for cement
production in 2021. The current VRM has a capacity of
100 tons per hour. This process also includes the raw
material feeding sub-process, which is carried out by
means of dosing tables, the finished product separation
sub-process and transport to the finished product silo.
The company also has two other VRMs, one for the
production of raw meal, which is heated to 1200 °C to
produce clinker, the main ingredient of cement, and the
other for the production of Petcoke powder, the main fuel
for the clinker kiln.

Taking this into account, the average consumption
data obtained is 78,408.5 kWh per day. Similarly, the
average cement production is 2228 tons. Dividing the
consumption value by the number of tons produced gives
a value of 34.39 kWh/tons, which means that it takes
34.39 kWh to produce one tons of cement. The Ecs value
obtained takes into account all the processes involved,
such as raw material dosing, separation of the final
product and transport. However, if only the VRM
grinding process, which accounts for 40%, is specifically
analyzed, the value obtained is 13.75 kWh/tons.

The packages used to optimize the problem proposed
in this work provide very similar data. The Pyomo
package provides optimized values of the operating
values within the given constraints, but Scipy packages
provide optimized values very close to the constraints,
which, by applying rounding methods, are equal to the
values provided by Pyomo. Taking this into account, for
further comparisons with the production data presented
above, the values optimized by the Pyomo package will
be used, which are considered to be the most accurate and
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reliable values for this work.

The value of the objective function after the
optimization process is 11.82 kWh/tons, while that of the
normal process without optimization of the operating
parameters is 13.75 kWh/tons. This reduction
corresponds to 14.03% of the energy consumption of the
grinding process carried out by the VRM. To achieve
this, it is necessary to change the values of the current
mill parameters to the optimized values, which are: for a
feed pressure of 28 mbar, the table speed should be set to
886 rpm, the moisture content of the material should be
0% the outlet temperature should be 0 and the pressure
roller should be 100 bar. This ensures low energy
consumption and a minimum cement production of over
2200 tons per day. Table 4 summarizes the results
obtained.

Table 4: Comparison of the results obtained

Variable Ecs (kWh/ton)
Actual 13.75

Optimized 11.82

Difference 1.93

It is important to know the savings in dollars of the
consumption of the milling process. Currently, in the year
2023, the cost per KWh in Ecuador is $0.105 for voltages
between 351V and 500V [29]. Considering this, before
the optimization process, the consumption was $3216 for
a production of 2228 tonnes of cement per day, and with
the optimized parameters, the consumption is $2686 for
the same production of cement. This represents a saving
of $530 per day.

5.1. Effect of the parameters in Ecs

When comparing the loading pressure P with the
pressure roller Pr, the specific energy Ecs increases if the
loading pressure and pressure roller also increases due to
the features of the raw material. Due to this increase in
ECS, it is necessary to carry out optimal quality control
of the raw material used in the cement manufacturing
process. By increasing the loading pressure and the
pressure roller to their maximum levels, the maximum
Ecs can be obtained as shown in Fig 2.

Ecs (kWh/ton)

160

140 §*
&

120'9)«

100 &

Figure 2: Change of Ecs by varying loading pressure and pressure
roller
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Another scenario can be given by comparing the
rotational speed with the outlet temperature as shown in
Fig. 3. If both parameters are increased, a higher energy
consumption of the mill is evident.

22500
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Figure 3: Change of Ecs by varying rotation speed and outlet
temperature

In Fig 4, the comparison between pressure roller and
outlet temperature can be observed. In this scenario it can
be seen that pressure roller has almost no effect on Ecs in
contrast to the outlet temperature, which does.

100

=100

-200
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80

60
Prasg,,,, 40
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Figure 4: Change of Ecs by varying pressure roller and outlet
temperature

Taking into account the above, it can be taken into
consideration that the pressure roller, outlet temperature
and rotation speed parameters has a large effect on Ecs.

6. CONCLUSIONS

In a VRM vertical roller mill, charge pressure (P),
table speed (s), moisture content (mc), outlet temperature
(T) and pressure roller (Pr) are parameters that directly
affect grinding efficiency and energy consumption. In the
mining industry, specific energy is a metric that can be
used to determine the energy consumption per tons of
material produced.

According to several studies, it is known that any
crushing or grinding process represents 30% or 40% of
the energy consumed in any industrial process that
integrates these techniques. Using the mathematical
model of a VRM, the optimization problem was posed
with the objective function being the mathematical model
itself and the constraints being the operating intervals of
the parameters described above.

L 3VT L]
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Three optimization packages, each with a different
solver, are used to solve the optimization problem.
Although the three packages give similar results, the
results of the Pyomo package are chosen because it gives
optimized data within the constraints, unlike the other
packages which give very approximate results.

The value of the optimized objective function is 11.82
kWh/tons. The data obtained from a well-known cement
company in central Ecuador has a specific Ecs of 13.75
kWh/tons. Comparing both results, it can be concluded
that the optimized value is equivalent to 14.01% less
energy consumption, guaranteeing a minimum
production of 2200 tons of cement. There is a saving of
$530 between the optimized model and the non-
optimized model.

These results sufficiently validate the proposed
model. Reducing the energy consumption by
guaranteeing the minimum cement production can bring
several benefits, such as saving money or having a more
stable control and production of cement production.

The model proposed in this work is specific and
cannot be generalized. It is recommended to develop
models that can be generalized to VRMs and perform
multi-objective  optimizations to reduce energy
consumption and increase production.

REFERENCES

[1] Z.X. Zhang, D. F. Hou, A. Aladejare, T. Ozoji, and
Y. Qiao, “World mineral loss and possibility to
increase ore recovery ratio in mining production,”
https://doi.org/10.1080/17480930.2021.1949878,
vol. 35, no. 9, pp. 670-691, 2021, doi:
10.1080/17480930.2021.1949878.

M. L. C. M. Henckens, E. C. van lerland, P. P. J.
Driessen, and E. Worrell, “Mineral resources:
Geological scarcity, market price trends, and future
generations,” Resources Policy, vol. 49, pp. 102-111,
Sep. 2016, doi:
10.1016/J. RESOURPOL.2016.04.012.

D. Xu, Y. Cui, H. Li, K. Yang, W. Xu, and Y. Chen,
“On the future of Chinese cement industry,” Cem
Concr Res, vol. 78, pp. 2-13, Dec. 2015, doi:
10.1016/J.CEMCONRES.2015.06.012.

(2]

(3]

1 D. Gauthier, “European Cement Research Academy
Chairman of the advisory board: Future Grinding
Technologies-Report about Phase 1: Evaluation of
Roundtable Event,” European Cement Research
Academy, 2015, Accessed: Jan. 08, 2023. [Online].
Available: www.ecra-online.org

D. Altun, C. Gerold, H. Benzer, O. Altun, and N.
Aydogan, “Copper ore grinding in a mobile vertical
roller mill pilot plant,” Int J Miner Process, vol. 136,
pp- 32-36, Mar. 2015, doi:
10.1016/J.MINPRO.2014.10.002.

(3]



Paredes et al. / Parameters for the Grinding Process in Vertical Mills Using Optimization Methods

[6] W.N. Xie et al., “Simulation study of the energy-size International Conference on Computer Science and
reduction of MPS vertical spindle pulverizer,” Fuel, Network Technology, ICCSNT 2016, pp. 257-262,
vol. 139, pp. 180-189, Jan. 2015, doi: Oct. 2017, doi: 10.1109/ICCSNT.2016.8070159.
10.1016/J.FUEL.2014.08.040. [17] C. Wang, Q. Zhang, H. Wang, Y. Ji, and S. Zhang,

[7] D. Altun, H. Benzer, C. Gerold, and C. Schmitz, “Expert PID control of grinding condition for cement
“Predicting the grinding energy of vrm depending on vertical roller mill,” pp. 1880-1884, 2020, doi:
material characterization,” Miner Eng, vol. 171, p. 10.1109/ITAIC49862.2020.9339167.

1371009156’ /] MINENSgI;OZl 1 070925021’ doi: [18] H. U. Schaefer, “Loesche vertical roller mills for the
’ ’ ’ ’ ’ comminution of ores and minerals,” Miner Eng, vol.
[8] V. Ghalandari, M. Esmacilpour, N. Payvar, and M. 14, no. 10, pp. 1155-1160, Oct. 2001, doi:
Toufiq Reza, “A case study on energy and exergy 10.1016/S0892-6875(01)00133-9.
analyses for an industrial-scale vertical roller mill . .
assis};ed grinding in cement plant,” Advanced Powder [19] M. Relchert, C..Ger(‘)‘ld, A Fredrﬂ'(sson, G. Ado.l fssgn,
and H. Lieberwirth, “Research of iron ore grinding in

goe;hlrl (;) 110 6%1}’ 6’ /\JIOAI'P?’zg(z)'OZI’ 2p 8;7‘80_491’ Feb. 2021, a vertical-roller-mill,” Miner Eng, vol. 73, pp. 109—
B ’ ) e 115, Mar. 2015, doi:

[9] A. Boehm, P. Meissner, and T. Plochberger, “An 10.1016/J.MINENG.2014.07.021.
energy base.d c?’mparlsop of vertical roller mills and [2010. Geng and O. Geng, “Enerey-Efficient
tumbling mills,” Int J Miner Process, vol. 136, pp. 37— Technologi . C ¢t Grindine” Hich
41, Mar. 2015, doi: 10.1016/J. MINPRO.2014.09.014. eoinotogles  m  Lement  Jnname, | 8
Performance Concrete Technology and Applications,

[10] W. Xie, Y. He, L. Qu, X. Sun, and X. Zhu, “Effect of Oct. 2016, doi: 10.5772/64427.
particle properties on the energy-size reduction of coal
in the ball-and-race mill,” Powder Technol, vol. 333,

Il)g'l 016 /J4l§)g_\$"(l)%c 201 éI lg:‘ 018 2018, doi: based on the experimental and industrial sampling
’ ) ’ T tests,” Energy, vol. 130, pp. 174181, Jul. 2017, doi:
[11] V. Deniz, “A study on the specific rate of breakage of 10.1016/J. ENERGY.2017.04.113.

o trs n 3 by Bll 2 €A1 2] At . e, N. Avdogan, nd C. Gl

. erational parameters affecting the vertical roller

doi: 10.1016/50008-8846(02)00976-6. miﬁ performalslce,” Miner Eng, V%)l. 103-104, pp. 67—
[12] P. Pareek and V. S. Sankhla, “Review on vertical 71, Apr. 2017, doi: 10.1016/J.MINENG.2016.08.015.
roller mill in cement industry & its performance
parameters,” in Materials Today: Proceedings, 2020,

[21] W. Xie et al., “Comparison of energy efficiency
between E and MPS type vertical spindle pulverizer

[23] C. Liu et al., “Analysis and Optimization of Grinding
Performance of Vertical Roller Mill Based on

Ygli 016/ :L‘:t ) 2021(’)1’1' 0916 4621-4627. doi: Experimental Method,” Minerals 2022, Vol. 12, Page
AP0A-Matpr. 2828, 10.720. 133, vol. 12, no. 2, p. 133, Jan. 2022, doi:
[13] W. Wei, J. Shen, H. Yu, B. Chen, and Y. Wei, 10.3390/MIN12020133.

“Optimization Design of the Lower Rocker Arm of a
Vertical Roller Mill Based on ANSYS Workbench,”
Applied Sciences 2021, Vol. 11, Page 10408, vol. 11,

?8'3 3 93/11’%PP lp l 71 1(1)2?)28’ Nov. 2021, doi: https://es.linkedin.com/pulse/optimizaci%C3%B3n-
' ' de-los-molinos-verticales-rodillos-en-la-meraz-
[14] 7|A|IS &t atSotchstn, SAtEsntZ-2cistm, vinaja- (accessed Feb. 05, 2023).
D.-w. Le@, and S"S,‘ Cho, ‘.‘ Optlmlzatlon of Vertical [25] PFEIFFER AG, “The grinding process Control of the
Roller Mill by Using Artificial Neural Networks,” grinding process Operation,” 2009

Transactions of the Korean Society of Mechanical
Engineers A, vol. 34, no. 7, pp. 813-820, 2010, doi:  [26] INEN, CEMENTO PORTLAND. REQUISITOS.

[24] P. Meraz, “Optimizacion de los Molinos Verticales de
Rodillos en la Fabricacion de Cemento,” Dec. 30,
2017.

10.3795/KSME-A.2010.34.7.813. INSTITUTO ECUATORIANO DE
o . NORMALIZACION, 2010. Accessed: Feb. 05, 2023.
[15] M. A. Boyd et al., “Increase productivity of vertical [Online] Available:
rol‘ler mill using seven QC tools,” IOP Conf Ser Mgter https://www.normalizacion.gob.ec/buzon/normas/15
Sci Eng, vol. 1017, no. 1, p. 012035, Jan. 2021, doi: 2 odf
10.1088/1757-899X/1017/1/012035. .
[27] S. Vigerske and A. Wichter, “Ipopt: Documentation,”
2022. https://coin-or.github.io/Ipopt/index.html
[16] T. Long, Y. Fang, Q. Liu, and A. Liu, “Prediction of (accessed Feb. 26, 2023).

the vertical roller mill key parameters based on
optimized ESN algorithm,” Proceedings of 2016 5th

96



Edicion No. 20, Issue II, Enero 2024

[28] Y. Ma, N. Zhang, and J. Li, “Improved Sequential

Least Squares Programming—Driven Feasible Path

Algorithm for Process Optimisation,” vol. 51, pp
1279-1284, Jan. 2022, doi: 10.1016/B978-0-323-
95879-0.50214-9.

[29]JARCONEL, “PLIEGO TARIFARIO DEL
SERVICIO PUBLICO DE ENERGIA ELECTRICA
2023,” 2023.

Jorge Paredes Carrillo. - born in
Riobamba, Ecuador in 1994,
Received his engineering degree in
electronics, control and industrial
networks from Escuela Superior
Politécnica de Chimborazo in 2019.
He received his master's degree in
Industry 4.0 from Universidad
Internacional de la Rioja in 2020. His professional
activity has been carried out in the field of industry. His
research interests are focused on machine learning,
predictive maintenance and industrial control. He is
currently in the doctoral program in electrical
engineering at the Escuela Politécnica Nacional.

97

Jaime Cepeda. - born in Latacunga,
Ecuador in 1981. He obtained his
degree in Electrical Engineering
from the Escuela Politécnica
Nacional EPN in 2005, and obtained
his PhD in Electrical Engineering

from the Instituto de Energia
Eléctrica of the Universidad
Nacional de San Juan, San Juan, Argentina. He also

obtained a Master's degree in Big Data from the
European University Miguel de Cervantes, Valladolid,
Spain in 2021, and is currently a full-time university
lecturer in Master's and PhD programmes at EPN. His
special fields of interest include power system modelling,

safety  assessment, synchrophasor = measurement
technology, wide area monitoring, protection and control
systems, and the application of computational

intelligence techniques in power system analysis.

Jorge Lozada Yanez. - born in
Riobamba, Ecuador in 1984. He
received his degree in Electronics,
Control and Industrial Networks
Engineering from the Escuela
Superior Politécnica de
Chimborazo in 2015. He obtained
his master's degree in Industry 4.0
from the International University of La Rioja in 2022. He
currently works at Uniéon Cementera Nacional,
Chimborazo plant as Automation and Control Specialist
since 2016.



	Página 1
	Página 2
	Página 3
	Página 4
	Página 5
	Página 6
	Página 7
	Página 8

