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ARTICLE INFO ABSTRACT

Article Type: The purpose of this research was to design a development model to
Original Research optimize the production of gasoline products in an oil refinery. The
research method was an experimental using non-linear programming
with Gomes software, version 24.1.2, Solver Baron, and conducted
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experiments on octane number, vapor pressure, and benzene amount
on slices and mixing slices in the laboratory. One of the innovations of
this project is the amount of blending of cuttings effective in the
production of gasoline products in different seasons of the year in
such a way that the variables of octane number, vapor pressure and
benzene of the final product are in accordance with the standard
specifications of the National Refining and Distribution Company
because currently the change of seasons is not taken into account and
cuts in the production of gasoline products are made by guesswork
and error. Due to the multi-objective nature of the problem, the
weighted sum method was considered for the objective functions. The
characteristics of octane number, vapor pressure and benzene
amount of the combination of the cut values obtained from the output
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of the software were tested in the laboratory and compared with the
results of the software. Taking into consideration the very small
difference between the results of the two methods, the output values

of the software were confirmed.
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EXTENDED ABSTRACT

Introduction

The fractions that contribute to the production of gasoline products are almost similar
in terms of process characteristics such as distillation temperature range, vapor pressure,
benzene amount and octane number. Octane number, vapor pressure and benzene amount
of gasoline products are important characteristics of the mentioned product. Different
operating units cannot directly produce final products. They produce components and
intermediate products or semi-intermediate products and mixed together to produce
products with desirable characteristics. Therefore, in the opinion of the researcher, the cuts
that are the result of the production of each of the operating units and each with its own
characteristics of octane number, vapor pressure and benzene, should be combined in such
a way that the result of their combination is the gasoline product according to the standard
specifications of the National Petroleum Products Distribution Company. Therefore, the
purpose of this research was to provide an optimal development model of gasoline
production in one of Iran's oil refineries taking into account the characteristics of octane
number, vapor pressure and benzene amount in different seasons of the year. In the present
research, an experimental method was used. In this way, by using non-linear programming
of Solver Baron 24.1.2 software gams, the amount of the mentioned cuts was extracted and
then the correctness of their combination was tested according to the specifications of
standard gasoline.

Methodology

Description of variables

A: Benzene: Itis a colorless and volatile liquid that burns with a yellow flame along with
smoke and is used in industrial production, compounds such as aspirin and explosives, and
itis toxic and carcinogenic.

B: Octane Number: Used to indicate the fuel's resistance to heat, pressure, and the
initiation of spontaneous combustion (without spark). The octane number of regular
gasoline is 87, special gasoline is 89 and super gasoline is 93.

C: Vapor Pressure: One of the important physical properties of volatile liquids is their
vapor pressure, which is particularly important in automobile and airplane gasolines.

The combination of different oil fractions to produce gasoline products in accordance
with the standards of the National Petroleum Products Distribution Company in one of
Iran's central oil refineries such as catalytic conversion units with platform product,
isomerization unit with isomer product, kerosene hydrogen purification unit with wild
naphta product, distillation unit intended with heavy and light naphta production products
and somax units with Isomax light and heavy naphta production products. In this way,
different oil cuts along with their specifications according to Table 1 were mixed in a way
that resulted in the optimal production of gasoline products according to standard
specifications in different seasons according to Table 2.
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Table 1. Octane number, vapor pressure (kilopascals) and benzene amount (percent by volume) of
different cuts.

Cut Min octane Maxoctane Vapor Benzene
Platl 91 93 37 4
Plat2 92 95 39 4
Isomer 80 85 96 0
L.naphta(khds) 45 45 20 2.8
H. naphta.isol 40 40 20 0.4
H. naphta.iso2 40 40 20 0.7
L. naphta dist 67 67 75 2
L. naphta.isol 70 70 66

H. naphta dist 47 47 20 0.5

Table 2. Vapor pressure (Kkilopascals), octane number and benzene (percent by volume) of gasoline
in four seasons.

Min Max
6rr_1ar 6june - 7sept - 22nov - 6rr_1ar 6june - 7sept - 22nov -
. 6sept 21nov Smar . 6sept 21nov Smar
Sjune Sjune
Vapor 50 45 50 60 62 60 65 70
benzene 0 0 0 0 2 2 2 2
OctNO 87 87 87 87 87 87 87 87

Production model of gasoline product blending
The gasoline product production model consisted of a main model and three sub-models
derived from the main model and coded with Gams software according to Tables 3 to 4.

Table 3. The main production model of gasoline product blending.

Collection of cuts : I

Collection of benzene,oct & vapor : J Collection

Collection of courses : T

Index of elements of collection ij,t :Ljt Index
. i . i MIN
Low limit of element j related to componentsi in period t :

MAX;

Up limit of element j related to components i in period t : i

ijt

Parameter
Standard value of elements j in period t: !

Q

. . F_Vapour pressure ‘
The amount of steam pressure in the period t: —

The amount of gasoline to be: produced in period t

o . ) ) F _Octane,,
Objective function2 in period t :

F Benzenet Variable

The amount of benzene in period t :
The amount of production of elements j belonging to Componentsi : Vijt
in period t
The amount used of component i in period t :/?"lt

619



Saber Khandan Alamdari and et al. Designing a Model for Optimizing the Production...

In the main model, benzene was considered to form the first sub-model. The second and
third sub-models also had the same octane number and vapor pressure variables as the first
model. The first subsection was written as follows:

Table 4. The main production model of gasoline product blending.

Vijt Aijt
Calculates cuts amount in each period MaX( F ) = Z Z Wj. Z# 1

=
i : Qt )
JEJtET JEJ ag
- . =
calculates amount of benzene in each F _Benzeng = ZZ Vi,Benzene t A ,Benzene t 5 =]
period teTiel Qt
upper and lower limits of element MIN: < vi < MAX Viel, j eJteT
production ijt = Yijt = ijt 1
It limits the amount of gasoline z litvijt =S jt Q VteT 5 E
production icl =
i M >Wi. )y Vi .
more than zero sh.ows the amount of ﬂﬂ j z ijt Viel ,t cT s
variable )

Results and discussion

To produce 7100 cubic meters of gasoline in the spring season separately, the following
cubic meters per day were used: Plat 1: 1484 cubic meters per day, Plat 2: 1441 cubic
meters per day, [somer: 1954 cubic meters per day, L.naphta (khds) 193 cubic meters per
day, H. naphta.iso1&2: 215 cubic meters per day, L. naphta dist: 726 cubic meters per day,
L. naphta.isol: 591 cubic meters per day and H. naphta dist: 276 cubic meters per day. As
can be observed, in the summer season, the vapor pressure of all the cuts that were effective
in the production of gasoline products had a lower value than in the spring season, which is
completely logical considering the hot weather in summer compared to spring. In the hot
season of the year, the low vapor pressure of gasoline producing cuts and ultimately the
gasoline product was directly related to respecting the rights of consumers. Because if the
above matter was not observed, the reduction of the volume of gasoline purchased by the
customer was certain when filling the car tank. In addition, the issue of reducing gas vapor
pressure in the hot season compared to the spring season was of greatimportance for safety
reasons. In order to further analyze the results of the model, by changing the value of
Max_(Octane,t), the analysis of the model was continued. It is clear that if the value of
Max_(Octane, t) cut 4 was increased in the spring season, according to maximizing the
objective function, the model attempted to attain the maximum value from the increase of
this parameter, resulting in an increased value. On the other hand, by considering the
increase of [V_octane) _(max,t), the value was adjusted so that this limit was always
maintained preventing the problem from becoming impossible to solve. In addition, the
value of Max_(Octane,t) of cut 4 could not be reduced by more than 5% due to the lower
limit of Min_(Octane,t) because it would have led the model to become impossible.
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Conclusion

The main goal of this research was to develop a non-linear programming model to
optimize the production of gasoline products in oil refineries under special conditions,
including considering vapor pressure, benzene amount, and octane number in the
production of gasoline products. In order to solve the problem, the general refinery
production optimization model was divided into three sub-models. First, based on the
standard benzene value of the final gasoline and the blended cuts to produce gasoline, the
first sub-model was created. Then, based on the standard value of the octane number of the
final gasoline and the blended cuts to produce gasoline, the second sub-model was created.
Finally, based on the vapor pressure of the final gasoline amount and the cuts blended in
order to produce standard gasoline, the third sub-model was created with the aim of
optimizing the mixing ratio and component demand. Then, the optimal values of cuts for the
three variables of octane number, vapor pressure and benzene, in four seasons and to
produce a certain amount of standard gasoline product, were obtained. Therefore, by
analyzing the general production optimization model and solving three sub-models
consecutively, the optimal solution of the general production model of the refinery gasoline
product was obtained. The model was coded and implemented using the Gams software
version 24.1.2. Due to the fact that the problem model is a non-linear programming type,
Barron's solver was used to accurately solve the model. Then, the values of the cuts obtained
from Gams software were averaged using Excel program and then practically tested in the
laboratory and confirmed.
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