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Abstract— This work is aimed at developing a software that could be used to solve Refinery blending problem using Visual Studio. The software
was developed from visual studio 2020 through visual basic for solving quadratic programming problems which reduced to revised simplex
method for linear programming when the objective function is linear. The result shows that the software can perform the same function with
Mat lab and Excel Solver, which implied that the software development is consistent with Excel solver applications. It provides the same
solution with Mat lab. Also, it is very flexible and easy to operate. The software can optimize 20x20 Matrix while Mat lab solves 15x15 Matrix.
Comparison on tested problems indicated that the software is more efficient than Excel Solver and Matlab 7.0.
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. INTRODUCTION

Petroleum consists of crude oil, natural gas, and heavy oil
components whose components can be separated into fractions
in an oil refinery [2]. Crude oil is processed to get
intermediate products which are blended together [1, 7].
Different intermediate products are blended to get final
refinery products with desired quantity, quality and schedule
specifications [4]. The oil products are manufactured by
blending two or more different fractions whose quantities and
physio-chemical properties depend on the crude oil type, the
way and conditions of processing [3]. The quality of the oil
products (fuel) for sale has to comply with the current
standards for liquid fuels, and the produced quantities have to
comply with the market needs [6]. It is in producer’s interest
to do the blending in an optimal way to satisfy the
requirements for the oil products quality and quantity with a
maximal usage of the available fractions and, of course, with a
maximal profit out of the sold products. The optimization of
refinery products blending is accomplished by applying linear
programming [5]. This work involved the development of a
software using visual studio 2020 through visual basic for
solving quadratic programming problems which reduced it to
revised simplex method for linear programming when the
objective function is linear. The basis matrix which is
maintained is symmetric and varies in size from iteration to
iteration.

Il.  PROGRAM PROCESS DESIGN FLOWCHART

Figure 1 shows the program flow diagram used for revised
simplex method. The process starts by effectively developing
algorithms for the program. The commercial Visual studio
software was used to design software using visual basic
application. In the present study, the designing of the program
form was first designed before the developing suitable code
for the application. Thereafter, the program components used
for the revised simplex method (Rsimplex) is sub divided into
two window forms called (frm Siimplex and frm Retrieve).
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Algorithm for Linear Programming

Step 0 Formulate the equation for the linear programming
problem.

Maximize Z=C X, +C,X, +C, X, +......... +C X, (1)
Constraints
A X +a,X, A X ... +a X, <

Ay X+ ApXy + BpaXy + o +a,X, <

@
A X +a,X + 8% +...... +a,.X, <b,
We could also have constraints with >
A, X A, X, + 85X e +a,X, >b
Qyy X, + 8 Xy +8ygXg F e +a,,X, >b,
@)

A, X +8,X, + 83X +.eenn +a,,X, b,

Step 1 Converts the linear programming problem to standard
form.

Ay X Fa,X, + 8%+ +a,X, +S,=b

Ay Xy + 8K, +8y5Xg F . +a,,X, +S, =h,
(4)

A X, Fa,X + 3%+ +a,,X, +S; =h,

Note: The objective function could be transformed into

£ =Cgy Xgy +Cyay Xyay ®)

-1 -1

VA +(CBVB N —Cay )XNBV =Cy B (6)
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Step 2 Set up matrix for basic variables and non basic
variables

BV(0)={s,5,5;..., | @)
NBV (0) = {x,X,X,...X, | (®)

And the matrix for coefficient of basic variables and non basic
variables
In the objective function.

Cey =1{000} ©
Crev = {Xl X, Xs} (10)
Step 3 Find the inverse of the matrix for basic variable
1 0 0... O
0 1 0... 0
_p1l1_10 0 1... 0
By, =B, = (11)
0 0 0... 1
-1
Step 4 For the current tableau, Compute CBV B (12)

Step 5 Price out all non basic variables in the current tableau.
If each non basic

Variables prices out non negative the current basic is
optimal.

If the current basic is not optimal, enter into the basic,

The non basic variable with the most negative coefficient
in row 0.
Call this variable x,

. r
C,=CyBa, -C, (13)
Step 6 To determine the row in which x, enters the basic
compute

Xg S column in the current tableau

ie) B 8y
compute the right-hand side of the current tableau
(i.e) B™b
Then use the ratio test to determine the row in which x,
should enter the basic. We know the set of basic variable (BV)

for the new tableau.
Step 7 Use the column forx, in the current tableau to

determine

What is needed to get a new? B
Step 8 Return to Step 4.
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Y

Enter the names of variables to be used in the
objective function and constraints

A 4

‘ Upload the objective function

A 4

Upload the constraints. [Objective function is
subject to the constraints]

A 4

Select Enter to maximize or
minimize the objective function

\ 4

Transform the constraints into Standard form

|

Set up the matrix for the coefficient of basic variable
and non basic variable in the objective function.
Cey={000}

Crev = ={X1 X3 X5 ..}

A 4

Compute the inverse of the basic variable matrix B!

\ 4

Compute CBVB'1

v

Price out all non basic variables in the

-1
current tableau. Cj =C,, B a; —Cj

Solution
Optimal
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Continue

A 4

Determine the row in
which X, enters the basic

Compute B™a, Compute the right-
hand side of the

current tableau B™b

A 4

Use the ratio test to determine
the row in which Xy should

enter the basic

A 4

Compute a new tableau (i.e.) a new B™

Figure 1. Program Flow chart (Revised simplex Method)

I1l.  PROGRAM DEVELOPMENT AND OPTIMIZATION PROBLEM

In this section, the program software with coding stage
have been established. The software is 99% efficient and it can
be applied in different industry for optimization process. The
case study of chemical process industries in the 1990’s was
examined, the information pertaining to the expected yields of
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the fifteen types of crude oils when processed by the refinery
is shown below. The product distribution from the refinery is
quite different for the fifteen crude oils. The limitations on the
established markets for the various products in terms of the
allowed maximum daily production are assumed.

The first step required to solve this problem is to formulate
the objective function and determined the necessary
constraints for the refinery operation and let the variable be:
X; = bbl/day of crude #1; X, = bbl/day of crude #2; X;
bbl/day of crude #3; X, = bbl/day of crude #4
Xs = bbl/day of crude #5; X¢ = bbl/day of crude #6; X,
bbl/day of crude #7; Xg = bbl/day of crude #8
Xq = bbl/day of crude #9; X,, = bbl/day of crude #10; Xy,
bbl/day of crude #11; X;, = bbl/day of crude #12
X13 = bbl/day of crude #13; Xy4 = bbl/day of crude #14; X5
bbl/day of crude #15; X, = bbl/day of propane
X17 = bbl/day of butane; X3 = bbl/day of LPG; X9 = bbl/day
of Petroleum ether; X,o = bbl/day of ligroin
X, = bbl/day of straight-run gasoline; X,, = bbl/day of
kerosene; X,; = bbl/day of heating oil
X,4 = bbl/day of gas oil; X,5 = bbl/day of diesel fuel; Xy =
bbl/day of lubricating oil; X,; = bbl/day of waxes
X,g = bbl/day of residual oil; X,5 = bbl/day of asphalt; X3 =
bbl/day of tar

The linear objective function Z (to be maximized). Other
constraints that exist or are implied in this problem are given
below. These can be formulated as inequality constraints:
Propane: X;s < 48; Butane: X< 51; LPG: Xig< 46;
Petroleum ether: X9 < 41; Ligroin: X, < 47 Straight-run
gasoline: X, < 44; Kerosene: X,, <43; Heating oil: X, <
43; Gas oil: X,4 < 41; Diesel fuel: X5 < 49
Lubricating oil: X6 < 64; Waxes: X,7; < 54; Residual oil: Xyg
< 56; Asphalt: X,9 < 59; Tar: X3y < 45

Figure 2 Formulation of Revised Simplex Method
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No of Variables

Validate

Retrieve

Performance Comparison

In this section, Microsoft excel solver was used to compare
the software developed from the visual studio. The difference
between visual studio software and excel solver is that visual
studio shows incorrect inputs and gives directions of what to
do at every point in time why excel solver does not show any
incorrect input data likewise Matlab is difficult to use for the
execution of large problems.

IV. RESULTS AND DISCUSSION

This work presented a computation method for solving
quadratic programming problems which reduces to the revised
simplex for linear programming when the objective function is
linear. The basis matrix which is maintained is symmetric and
may vary in size from iteration to iteration. Comparison on
test problems below indicates that the method is more efficient
than the other available methods. Using Visual Studio 2021
software in a design of optimization application is equivalent
to considering the results of many virtual experiments, each of
which is run using different configurations, including
geometrical, material or constraints. The design of optimum
codes in visual basic is a very difficult task but the application
is friendly when compared to Excel Solver and Matlab 7.0
softwares in solving large problems. In the problem
formulated and analysed below Excel Solver Software was
compared with Visual Studio software which is the aim and
objective of this project and we discovered the solutions of
both problems were the same. The major difference between
ExcelSolver Spreadsheet and Visual basic in Visual Studio
2005 is that Visual Basic shows the incorrect data input while
excel solver does not show it. Finally, we can deduce that
application of visual studio 2005 in Linear Programming is
friendly to the end user and it is useful in refinery blending,
Production Planning, Chemical Processing Industry and
Financial Distribution.
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Figure 3: Optimal Solution Revised Simplex Method Using Visual Studio
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V. CONCLUSION

Considering the results obtained in this study, it is
important to conclude that the developed software can be used
for solving Refinery blending problem using Visual Studio.
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