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ABSTRACT

Concentrations of emitted pollutants in the atmosphere are influenced by the emission sources and metrological data.
In Jordan, diesel fuel is considered to be a main source of SO,, which has a negative impact on the air quality. In
this work, the SO, emitted during the burning of desulfurized diesel fuel using activated carbon is conducted using
three types of Artificial Neural Network (Elman, NARX and Feedforward models). In order to accomplish this, the
previous experimental work on desulfurization of diesel fuel using two types of activated carbon was adopted. The
metrological data involved the average daily temperature (T), relative humidity (RH), wind speed (WS), pressure
(P), concentration of Particulate Matter (PM10) and average daily solar radiation (SR) over the period from 2/1/2020
to 30/12/2020. It was found that NARX is the most accurate model in the forecasting process of SO,, followed by
Elman and feedforward, which was found to be the least capable model in predicting the SO, emitted concentration.
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INTRODUCTION

During the burning of sulfur containing fuels,
sulfur oxides (SO,) are produced, these oxides
have severe negative impacts of the environment,
as they lead to the formation of acid rain and cause
corrosion, in addition they are considered as one of
the main sources of air pollution (Gonzélez-Garcia
et al., 2009; Rezvani et al., 2018). Consequently,
desulfurization of such type of fuels is considered
as an essential process in the oil refining industry
(Zhao et al., 2017) to meet the new standards of
sulfur content (10—15 ppm) (Chen et al., 2015).

During the last few years, studies conducted
different desulfurization approaches focused on the
establishment of energy efficient and reliable desul-
furization technology to produce diesel fuel with
desirable properties and sulfur concentration be-
low the allowable limits (Aitani et al., 2000; More
et al., 2019). A complete review on desulfurization

processes of sulfur contained fuels were outlined by
More and Gogate (More & Gogate, 2019).
Recently, Hamdan and Shawabkeh (Ham-
dan et al., 2021), conducted experimental work
on the desulfurization of locally refined die-
sel fuel using three types of activated carbon,
two of which were produced from olive cake
(lignin activated carbon (LAC)) and from lube
oil, while the third one is a commercial one
(Norti). In order to investigate the desulfur-
ization ability of each type of AC, they were
added separately to diesel fuel sample before it
was fed into a domestic boiler and burnt, then
the concentration of Sox was measured and
compared with that when pure diesel fuel was
burned within the boiler. They concluded that
the activated carbon type produced from olive
cake (LAC) was the most efficient type to de-
sulfurize diesel fuel, with a percentage reduc-
tion in the concentration of SO, equal to 11%,
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followed by the commercial activated carbon
with a percentage reduction equal to 7%.

Nowadays, it is well known that sulfur dioxide
(SO,) is considered to be one of the indicators of
air quality. One of its main sources of formation
is the combustion of sulfur contained fuel as a re-
sult of the reaction between sulfur contents of the
fuel with oxygen. Its formation has a severe nega-
tive impact on the environment and quality of air.
Hence, forecasting of the SO, formation caused by
the sulfur containing fuel is essential for a better
understanding and prevention of air pollution.

One the most promising approaches used in the
prediction of its formation of SO, is based on artifi-
cial neural networks (ANN) (Boznar et al., 1993),
which capture the link between the input data and
the corresponding output data. In addition, it is
widely used nowadays and covers a wide range of
scientific research and applications. In addition, it
has many benefits and advantages such as: it is easy
to use, it takes less time, gives accurate results, as
well as has many packages and methods that cover a
wide range of different problems and fields. Boznar
and Mlakar (Boznar et al., 1995) represented full de-
tails on the capabilities and disadvantages of neural
networks for the cases of wind forecasting, recon-
struction, and SO, pollution forecasting.

In this work, the impact of using desulfurized
diesel fuel on the formation of SO, during its burn-
ing was forecasted using artificial intelligence, the
main results obtained by Hamdan and Shawab-
keh (Hamdan et al., 2021) will be adopted in this
work, such that the desulfurization of diesel fuel
using LCM and CCA will cut down the emission
of SO, by 11 and 7%, respectively. Hence, the ac-
tual amounts of SO, emitted during the burning of
desulfurized diesel will be cut down by 11 and 7 %
of those obtained when diesel fuel is burned. These
actual data of emitted sulfur oxide, in addition to
the metrological data ( ambient temperature, hu-
midity, wind speed ) over the period from 2/1/2020
to 3/12/2020 were obtained from the World Air
Quality Project website (https://agicn.org/).

DATA ANALYSIS

Three types of Artificial Neural Network (EI-
man, NARX and Feedforward models) were de-
signed and tested using MATLAB software with
the total data used consisting of 355 samples as the
inputs to the ANN network. The inputs to the ANN
network are the average daily temperature (T),
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relative humidity (RH), wind speed (WS), pressure
(P), concentration of Particulate Matter (PM10)
and average daily solar radiation (SR). The outputs
of the ANN network are the reduction of the emit-
ted sulfur oxide (SO,) when commercially activat-
ed carbon and that obtained from olive cake were
used to desulfurize pure diesel.

RESULTS AND DISCUSSION

Elman, NARX and Feedforward models were
designed and tested using the MATLAB software
and they are used to correlate the weather variables
with the emitted sulfur oxide during the desulfuriza-
tion process of pure diesel fuel, which was refined
locally. In turn, Levenberg-Marquardt (trainlm) was
used as a training algorithm. The performance of the
designed models has been conducted using the co-
efficient of correlation (R). The three models were
presented and described thoroughly. More detailed
description about the proposed three models of
ANN are found in (Al-Naami et al., 2014).

ANN network with neuron numbers (6, 10, 2)
were designed and tested within the MATLAB.
A total data consists of 355 samples which were
obtained from previously experimental results, all
of which were used as the input of ANN network,
a total of 70% of this data was used for training,
15% was used for validation and 15% was used
for testing. Tangent sigmoid function was applied
for the hidden layer, and linear transfer function
was used in the output layer. Finally, and after
many trails and errors, the number of the hidden
layer is selected to be 10.

Artificial Neural Network (ANN)

Table 1 shows the coefficient of correlation
(R) corresponds to each model. As it may be seen
in the table, the maximum value of R is 0.93281
for NARX model, followed by 0.89778 for El-
man model and finally the lowest value of R was
0.76384 for Feedforward model.

Table 1. Coefficient of correlation (R) for the proposed
models

Specification R

Feedforward 0.76384
Elman 0.89778
NARX 0.93281
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Figure 1 represents the scatter plots of train-
ing, testing, and validation for the proposed three
models. As indicated in this figure, the results of
the scatter plot during training, validation, and
testing of the reduction of the sulfur oxide emit-
ted during the desulfurization process using the
three different training models are quite close to
each other. For the NARX model, it was found
that it has the highest values of R in training,
validation, and testing are, which are 0.93281,
0.89778, and 0.76384, respectively.
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In Figures 2 and 3, a comparison between
the measured and predicted values using the
proposed models is shown. As indicated, the
NARX model gave the best performance to pre-
dict reduction of the sulfur oxide emitted dur-
ing the desulfurization process. Furthermore,
and as shown in the table, the predictive capa-
bility of Feedforward and Elman models for the
reduction of the sulfur oxide emitted during the
desulfurization process is the least.
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Figure 1. Comparison of scatter plots of the models used for the selected models (a) Elman, (b) NARX
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Figure 2. Comparison between experimental and estimated reduction of emitted sulfur
oxide when diesel was desulfurized using olive cake activated carbon

Sensitivity Test

Multilayer perceptron (MLP) is considered to be
a popular feed-forward neural network architecture, it
consists of three layers, namely input, output, and hid-
den layers (Ahmadi et al., 2019). Independent vari-
able importance, which was conducted using MLP
represents the measuring of how much the network’s
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model-predicted value changes for different values of
the independent variable (Abdelhafez et al., 2021).

Using trial and error method, MLP technique,
with 10 hidden neurons and using 70% of the data
for training, 15% testing and 15% for validation,
was performed to obtain the best model that predicts
with highest accuracy the reduction of the emitted
sulfur oxide during desulfurized process.
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Figure 3. Comparison between experimental and estimated reduction of emitted sulfur
oxide when commercially activated carbon was used for diesel desulfurization
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Figure 4. Independent Variable Importance for the reduction of the sulfur oxide emitted during
the desulfurization process when diesel was desulfurized using olive cake activated carbon

Figure (4) shows independent variable im-
portance for the reduction of the sulfur oxide
emitted during the desulfurization process
when diesel was desulfurized using olive cake
activated carbon. As indicated, wind speed is
the most effective variable on the reduction of
the sulfur oxide emitted during the desulfur-
ization process when diesel was desulfurized
using olive cake activated carbon and commer-
cially activated carbon.

CONCLUSIONS

In this study, the emission of sulfur dioxides
from desulfurized locally refined diesel fuel using
activated carbons was successfully forecasted. This
was achieved using three types of Artificial Neural
Network (Elman, NARX and Feedforward models).
It may be concluded that NARX was the most ac-
curate model in the forecasting process of SO,, fol-
lowed by Elman and feedforward which was found
to be the least capable model in predicting the emit-
ted SO, concentration.

101



Ecological Engineering & Environmental Technology 2021, 22(5), 97-102

Acknowledgment

This research was financially funded by the

Deanship of scientific research - The University
of Jordan.

REFERENCES

1.

Gonzalez-Garcia, O.; Cedefio-Caero, L. 2009.
V-Mo based catalysts for oxidative desulfurization
of diesel fuel. Catal. Today, 148, 42—48.

Rezvani, M.A.; Shaterian, M.; Aghbolagh, Z.S.; Ba-
baei, R. 2018. Oxidative desulfurization of gasoline
catalyzed by IMID@PMA @CS nanocomposite as a
high-performance amphiphilic nano catalyst. Envi-
ron. Prog. Sustain. Energy, 37, 1891-1900.

Zhao, H.; Baker, G.A.; Zhang, Q. 2017. Design
rules of ionic liquids tasked for highly efficient fuel
desulfurization by mild oxidative extraction. Fuel,
189, 334-339.

Chen, L.-J.; Li, F.-T. 2015. Oxidative desulfuriza-
tion of model gasoline over modified titanium sili-
calite. Pet. Sci. Technol., 33, 196-202.

Aitani A.M., ML.F. Ali, H.H. Al-Ali, 2000. Review
of non-conventional methods for the desulfurization
of residual fuel oil, Pet. Sci. Technol. 18, 537-553.
More N.S., P.R. Gogate, 2019. Intensified approach
for desulfurization of simulated fuel containing thio-
phene based on ultrasonic flow cell and oxidizing
agents. Ultrasonics — Sonochemistry, 51, 58—68.

102

10.

11.

12.

13.

Intensified desulfurization of simulated crude diesel
containing thiophene using ultrasound and ultravio-
let irradiation Nishant S. More, Parag R. Gogatex.
Ultrasonics — Sonochemistry, 58.

Hamdan M. and R. Shawabkeh, 2021. Utilization of
Desulfurized Diesel in Domestic Boiler. 12th Inter-

national Renewable Engineering Conference 2021,
pp. 1-6, doi: 10.1109/IREC51415.2021.9427840.

Boznar, M., M. Lesjak and P. Mlakar, 1993. A neural
network-based method for short-term predictions
of ambient SO, concentrations in highly polluted
industrial areas of complex terrain. Atmospheric
Environment, 27B, 221-230.

Boznar, M., and P. Mlakar, 1995. Neural networks- a
new mathematical tool for air pollution modelling. In-
ternational Conference on Air Pollution, 1, 259-266.

Al-Naami, B., Abu Mallouh, M., Abdelhafez, E. 2014.
Performance Comparison of Adaptive Neural Net-
works and Adaptive Neuro-Fuzzy Inference System
in Brain Cancer Classification. Jordan Journal of Me-
chanical and Industrial Engineering, 8(5), 305-312.

Ahmadi, M., Jafarzadeh-Ghoushchi, S., Taghiza-
deh, R. et al. (2019). Presentation of a new hybrid
approach for forecasting economic growth using ar-
tificial intelligence approaches. Neural Computing
and Applications, 8661-8680.

Abdelhafez, E., Dabbour, L. & Hamdan, M. 2021.
The effect of weather data on the spread of CO-
VID-19 in Jordan. Environ Sci Pollut Res. https://
doi.org/10.1007/s11356-020-12338-y.



