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RESUMEN

La aplicacion de tratamientos magnéticos a los combustibles es una de las alternativas mas utilizadas
en la actualidad con el objetivo de reducir las emisiones de gases contaminantes y aumentar el ahorro
de combustible. En este trabajo se evalu6 el efecto del tratamiento magnético del fuel oil utilizado en
una caldera de produccion de vapor. Se utilizaron dispositivos con una induccién magnética promedio
de 0,36 T. Con la introduccion de la tecnologia magnética en una caldera para el tratamiento de fuel oil,
se redujeron las emisiones de CO> en aproximadamente un 10,18 %, lo que contribuye a reducir la
carga contaminante de estos equipos. Las emisiones de CO de este equipo disminuyeron
aproximadamente un 60,07 %, por lo que se obtiene una combustion mas completa. El tratamiento
magnético utilizado provocé una disminucion del 13,84 % en la temperatura de los gases de escape, por
lo que se reducen las pérdidas de calor latente en los gases de escape. En las condiciones
experimentales, la tecnologia magnética permite aumentar la eficiencia del proceso de combustion en
un 1,6 %, lo que podria significar un mayor aprovechamiento de energia en el sistema y un potencial
ahorro de combustible.

Palabras Clave: Tratamiento magnetico, tratamiento de fuel oil, emisiones de calderas.
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Improvements in exhaust gas emissions and boiler efficiency with the introduction
of magnetic technology

ABSTRAC

The application of magnetic treatment to fuels is one of the most widely used alternatives today with
the aim of reducing polluting gas emissions and increasing fuel savings. In this work, the effect of the
magnetic treatment of fuel oil used in a steam production boiler was evaluated. Devices with an
average magnetic induction of 0.36 T were used. With the introduction of magnetic technology in a
boiler for the treatment of fuel oil, CO2 emissions were reduced by approximately 10.18 %, which
contributes to reducing the contaminant load of these equipments. The CO emissions of this equipment
decreased by approximately 60.07 %, so a more complete combustion is obtained. The magnetic
treatment used caused a decrease of 13.84 % in the temperature of the exhaust gases, so the latent heat
losses in the exhaust gases are reduced. Under the experimental conditions, the magnetic technology
allows to increase the efficiency of the combustion process by 1.6 %, which could mean a greater use
of energy in the system and potential fuel savings.

Keywords: Magnetic treatment, fuel oil treatment, boiler emissions.
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INTRODUCTION

ossil fuels account for 80% of the

world's energy supply; however,

detectable oil fields are expected to
decrease over the years (Mutezo & Mulopo,
2021). World oil production could begin to
decline rapidly as early as 2022. In addition,
approximately 65% of the world's oil reserves
are in Middle Eastern countries, and this is
expected to accelerate the imbalance between
supply and demand. non-producing countries,
since they depend heavily on oil imports
(Demirbas, 2007). The consumption of
alternative energy sources globally is increasing
sharply due to depletion of oil resources and
serious environmental pollution caused by
exhaust gases in fossil energy use (Lee et al.
2021). Another of the reasons that multiplies
the use of renewable energy sources is that
strict rules are applied that regulate and control
the emissions of this type of polluting gases;
fundamentally in European countries, but with

a great tendency to generalize worldwide.

In addition to renewable energy sources, several
alternatives or innovations are currently being
investigated that allow the reduction of
polluting gas emissions caused by the

combustion of fossil hydrocarbons. The boilers

or steam generators used in the production of
heat and steam are some of the main causes of
pollution associated with gas emissions from
combustion. These equipments fundamentally
use fuel oil or diesel as fuel and are used in

most of the world's industries.

In recent decades, one of the technologies
proposed to reduce the consumption of fossil
fuels and the reduction of gas emissions
resulting from combustion is the application of
magnetic treatment to fuels. Current studies
suggest that magnetic technology has a positive
effect on combustion processes because it
modifies some of the physical and chemical
properties of fuels (Arias et al. 2018b; Arias et
al. 2018c; Dinza et al. 2020; Gilart et al. 2020;
Niaki et al. 2020; Sidheshware et al. 2020).
Most of the studies on this subject have been
carried out on internal combustion engines, in
which considerable reductions in polluting gas
emissions and a reduction in fuel consumption
are  obtained (Arias et al. 2018a;
Chandrasekaran et al. 2020; Khajure et al.;
2014; Notti & Sala, 2014; Tipole et al. 2017).

In boilers or steam generators, this technology
has been used with the aim of reducing scale in
the pipes that transport water (de la Cruz &
Garcia, 2016; Esmaeilnezhad et al. 2017;
Vidaurre, 2015). Salih and Ahmed (2016)

Agroindustria, Sociedad y Ambiente/ ISSN: 2343-6115/ Vol. 19 N° 2/ julio-diciembre 2022/Barquisimeto, VVenezuela/
Universidad Centroccidental “Lisandro Alvarado” pp. 23-36.

25



Improvements in exhaust gas emissions and boiler
efficiency with the introduction of magnetic
technology

Arias Gilart Ramdn, Fong Casas Fredy, Rojas Lores
Yuliani, Conde Garcia Rebeca v Melek Campos Sofia

explored the effect of magnetized fuel on the
combustion performance of a diesel fuel fired
boiler. The analysis was made from fuel
consumption and exhaust emissions. The
magnetic field was placed in the diesel supply
line to the burner. In this study, gas emissions
and fuel consumption decreased after the
application of the magnetic field (Salih &
Ahmed, 2016). However, no research reports
have been found that evaluate the influence or
effect of magnetically treated fuel oil on gas
emissions from this type of equipment. That is
why the objective of this work is to evaluate the
effect of applying magnetic technology to fuel-
oil fuel on gas emissions from a boiler or steam

generator.

MATERIALS AND METHODS

This research includes two measurement stages,
the determination of gas emissions before and
after the installation of magnetic conditioners
for fuel treatment in the boiler. The subsequent
analysis of the data allows elucidating the effect
that this type of technology produces on the
combustion processes and on the levels of
pollution that they generate. The equipment and
procedures used are described below.

Magnetic devices

To produce the static magnetic field, magnetic
conditioners made from permanent
Neodymium-lron-Boron magnets were used
(Figure 1). The average magnetic induction of
these conditioners is 0.36 T, with a deviation of
0.005 T. A dipole configuration was used to
ensure even distribution of field induction lines
throughout the fuel flow area. The magnetic
devices were in the pipe that leads the fuel oil
to the burner at the pump outlet and as close as
possible to the fuel atomization. The selection
of the material of the devices and of the
magnetic induction was carried out considering
the most relevant results described in the
consulted literature (Kartik et al. 2019; Kushal
& Basavaraj, 2015; Salih & Ahmed, 2016).
Higher inductions are very difficult and

expensive to obtain using permanent magnets.

Figure 1. Novamag magnetic conditioner
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technology
Steam generator Table 1. Characteristics of the Boiler used in
the test
The boiler or steam generator used in the study
. . . . Parameter Boiler
carried out (Figure 2) is located in the Base
Business Unit (UEB) Distillery, belonging to Brand LEON
the Santiago de Cuba Rum Factory of the Type Firetube
CubaRon.SA Corporation. Its characteristics CFDC-
Model 350
are shown in Table 1.
Country of origin Mexico
Nominal Production (t) 5

Nominal Pressure (Kg/cm?) 8

Fuel type Fuel oil

Gas measurements

A Testo 350 Gas Analyzer was used to measure
the concentration of the gases produced by
combustion CO, CO2, NOx and the temperature

of the gases. This equipment is a professional

instrument for gas analysis. It has been

designed for the following applications:

Figure 2. Image of the boiler used

. Service and adjustment of industrial

incinerators

. Control of emissions and verification of

compliance with regulatory emission values.

. Service and commissioning of burners

and industrial boilers.
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. Measurements in gas turbines, boilers

and industrial stationary engines.

The measurement ranges and the resolution of

the equipment are shown in Table 2.

In addition to these variables, the Combustion
Performance (REN) was also determined, using
the parameters provided by the Testo 350 Gas
Analyzer and the following equations

(Gonzalez-Gonzalez et al. 2014):
REN=100—qA—ql ........... (1)

Where REN is the efficiency of the combustion
process, gA and gl are the sensible heat losses
in the chimney and unburned, respectively.
These losses are calculated using the following

mathematical expressions:

GA = K=o, )
co
Gl = 60 5 3)

Equation 2 is used to calculate the sensible heat
losses in the exhaust gases, expressed in %
relative to the Lower Caloric Value of the fuel,
FT and AT being the exhaust gas temperature
and the atmospheric temperature, respectively.
K is the specific factor of the fuel used.
Equation 3 calculates the unburned losses (gqI)
expressed in % with respect to the lower
calorific value. CO and CO: are the contents of
these elements in the exhaust gases, expressed

in ppm and volume percentage, respectively.

Table 2. Characteristics of the gas analyzer used

Parameter Measuring range Resolution
07) 0-25 Vol. % 0,01 Vol. %
CO 0-10000 ppm 1 ppm
NO:2 0-500 ppm 0,1 ppm
CO2 0-25 Vol. % 0,01 Vol. %
Gas Temperature -40 - 1200 °C 1%

Agroindustria, Sociedad y Ambiente/ ISSN: 2343-6115/ Vol. 19 N° 2/ julio-diciembre 2022/Barquisimeto, VVenezuela/
Universidad Centroccidental “Lisandro Alvarado” pp. 23-36.

28



Improvements in exhaust gas emissions and boiler
efficiency with the introduction of magnetic
technology

Arias Gilart Ramon, Fong Casas Fredy, Rojas Lores

Yuliani. Conde Garcia Rebeca v Melek Campos Sofia

Procedure

The analyzes were carried out in two
moments, under normal operating conditions
of the boiler, working in the same work
regime. Determinations made before the
installation of magnetic technology are
represented by the letters (STM) which stands
for No  Magnetic  Treatment.  The
measurements made after the installation of
the magnetic technology are represented by
the letters (TM) which means with Magnetic
Treatment and were made three months after

the installation of the magnetic devices in the

pipes.

In total, 20 concentration values of the
analyzed gases, temperature and combustion
performance were obtained for both moments
(STM and TM). With these data, the
statistical comparison of the average values

was made using a probability value of p <0.5.

RESULTS AND DISCUSSION

The gas emissions, temperature and
combustion performance obtained with the
fuel without magnetic treatment (STM) were
used as control in all the analyzes carried out.
COg, CO and NOx emissions were considered
due to their importance from the
environmental and combustion efficiency

point of view. Figure 3 shows the CO:

emissions obtained in the two conditions in

which the boiler operated.

The CO, gas is one of the most damaging
greenhouse gases (GHG), but it is also one of
the most important combustion products.

13

»
»

o] 179

11
10

CO, (%)

o N 00 ©

ESTM ETM

Figure 3. Behavior of CO2 emissions from
the boiler in the conditions analyzed

In Figure 3 it can be seen that CO, emissions
decrease after applying the magnetic
treatment. The boiler was operating under
normal operating conditions in  both
conditions (STM and TM) the same amount
of steam was produced. This means that the
decrease in CO, emissions obtained with the
TM is due to a reduction in the fuel
consumption of the boiler. Several authors
associate these results with an improvement
in the atomization process and a reduction in
the size of the fuel droplets after receiving the
magnetic treatment (Arias et al., 2018c; Gilart

et al., 2020). These changes are also
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explained due to the differences in the
physical-chemical ~ properties  of  the
hydrocarbons that have been magnetically
treated. Some of these properties that are
affected by magnetic fields and that influence
the combustion process are: surface tension,
viscosity and rheological behavior (Arias et
al. 2018b; Arias et al. 2018c; Jiles et al.

2015).

From the environmental point of view, a
decrease in the emissions of this gas indicates
that the pollutant load of this boiler is
considerably reduced, as it stops emitting
10.18 % of this GHG. Similar results have
been obtained in several investigations but
using internal combustion engines in the
experiments, such is the case of (Chen et al.
2017; Kushal & Basavaraj, 2015). These
authors attribute the reduction in emissions to
greater combustion efficiency, which is
caused by the action of the magnetic field by
weakening intermolecular interactions in
hydrocarbons, improving the atomization and
mixing process, as well as increasing their
reactivity with oxygen from the air (Chen et
al. 2017). Other authors have obtained
contradictory results, that is, increases in CO>
emissions with magnetic technology, but
using other magnetic configurations and
different types of fuel (Al-Khaledy, 2008;

Faris et al., 2012). The contradictions in the

results are due to the dissimilar magnetic
treatment systems used and the structural
differences between the fuels used in the
experimentation. In our research, the effects
of the application of magnetic technology in
boilers or steam generators fed with fuel oil
are reported for the first time. Under these
conditions, the combustion process was more
efficient, so a greater use of the fuel's

chemical energy was achieved.

In the combustion process of the different
types of fuel, the chemical reaction is not
complete, so gases such as CO are obtained.
The behavior of the CO emissions from the
boiler with and without the application of

magnetic technology is shown in Figure 4.

With the magnetic treatment of fuel oil, the
CO emissions generated by the boiler are
reduced by 60.07 %, so a more complete
combustion is obtained, and the quality of this
process is increased. In addition, energy
losses due to incomplete combustion are
considerably eliminated, which can lead to

considerable fuel savings in this process.
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Figure 4. Behavior of CO emissions from
the boiler in the conditions analyzed

With the application of magnetic fields in the
pipes through which the fuel flows, the
molecular associations in the form of a cage
present in the hydrocarbons are broken down
into smaller particles; which causes, among
other things, the decrease in viscosity and
surface tension (Patel et al. 2014). That is
why smaller droplets are produced in the
atomization process and the fuel-air mixture
becomes more homogeneous. This process
allows a greater penetration and reaction of
oxygen, thus producing a more complete
combustion inside the boiler. Similar results
have been described by dissimilar researchers
using internal combustion engines, generally
diesel engines, and various types of magnetic
treatments for experimentation (Dinza et al.
2020; Gilart et al. 2020; Niaki et al. 2020;
Oommen & GN, 2020; Perdana et al. 2020;

Samadi & Heidarbeigi, 2020; Wibowo et al.
2020).

Other GHGs produced in combustion
processes are NOx (NO and NO2). The
chemical mechanism for the formation of
these gases during combustion processes is
due to more than 100 elementary chemical
reactions. These reactions fundamentally
depend on changes in temperature, the
stoichiometric ratio and the nitrogen species
present in the combustion chamber (Yamin,
2017). The behavior of the emissions of this
gas in the boiler with and without the
application of the magnetic treatment is

shown in Figure 5.

These gases are produced by excess air, by
the high temperature of the gases in the post-
combustion zone and by the chemical
compounds present in the mixture after
combustion (Patel et al. 2014). NOx
emissions generally do not depend on the
physical chemical characteristics of the fuel,
which is why, as Figure 5 shows, the
emissions of this gas with and without the
application of magnetic technology are

similar.
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Figure 5. Behavior of NOx emissions from
the boiler in the conditions analyzed

Another important parameter in the evaluation
of boilers is the temperature of the exhaust
gases (TGE). Figure 6 shows the variation of
this parameter in the boiler with and without
the use of magnetic fuel treatment.

280 g 273.79
~ 260
O
e
o
F 240
220
200
®STM =TM
Figure 6. Behavior of the outlet

temperature of the boiler gases in the
conditions analyzed.

In general, the TGE decreases around 13.84
% when the magnetically treated fuel is used.
In boilers, the heat losses in the exhaust gases
represent approximately 50 to 80 % of the
total sensible heat loss of the boiler (Jin et al.
2019).

A reduction in the outlet temperature of the
gases is due to a considerable increase in the
efficiency of the boiler and a reduction in fuel
consumption (Fialko et al. 2019). As exhaust
gas temperature decreases, dry gas loss is
reduced and thermal efficiency of steam
generation is improved (Habib et al. 2008).
This result indicates that the magnetic
treatment caused variations in the chemical-
physical properties of the fuel that enabled an
increase in the efficiency of the combustion
process and a better use of the chemical
energy of the fuel. These changes are evident
in the reduction of CO emissions and in the
decrease in the outlet temperature of the gases
from the boiler, obtained with the

magnetically treated fuel.

Another of the parameters evaluated in this
investigation was Combustion performance,
the behavior of this parameter is shown in
Figure 7.
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Figure 7. Combustion efficiency of the
boiler in the conditions analyzed

As can be seen in the figure, with the
application of the magnetic treatment of the
fuel, an increase in the efficiency of the
combustion process of 1.6 % was obtained.
This result is related to the decreases obtained
in CO emissions and in the TGE. According
to equations 1, 2 and 3, a decrease in CO and
TGE (which translates into a lower amount of
latent heat loss, both due to unburned fuel and
exhaust gas temperature) would produce an
increase in process performance. An increase
in the efficiency of the combustion process by
1.6 % could mean greater use of energy in the
system and potential fuel savings. All of the
above indicates that the magnetic treatment of
the fuel can be considered as an alternative to
improve the combustion process and to
increase its efficiency. In addition, it also

allows reducing the contaminant load that

these types of equipment contribute to the

environment.

CONCLUSIONS
In the present study, the effect of
magnetically treated fuel oil on gas emissions
from a boiler or steam generator was
evaluated for the first time. The analyzes were
carried out using magnetic conditioners with
an average magnetic induction of 0.36 T. The
determinations made in the boiler allow us to

conclude that:

* The magnetic treatment of the fuel oil used
in boilers allows CO emissions to be reduced
by approximately 10.18 %, which contributes
to reducing the contaminant load that these
types of equipment contribute to the

environment.

* The magnetic treatment of the fuel oil used
in boilers allows CO emissions of these type
of equipment to be reduced by approximately
60.07 %, for which a more complete

combustion is obtained.

* The magnetic treatment used caused a
decrease of 13.84 % in the temperature of the
exhaust gases, thus reducing the loss of latent
heat in the exhaust gases.

* The magnetic treatment, under the

experimental conditions, makes it possible to
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increase the efficiency of the combustion
process by 1.6 %, which could mean greater
use of energy in the system and potential fuel

savings.
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