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Case Study 3       Blending Problem

Blending Problem 

Problem Description

A refinery produces three types of gasoline, A, B, and C, which are blends of three crude oils that have a different octane number, cost, and availability. Relevant data about gasoline (final products) and crude oil (ingredients) for the current month is saved in a spreadsheet. Note the following: (a) The current production cost of gasoline is $4/barrel; (b) The production capacity of the refinery is 14,000 barrels; (c) It is estimated that if we spend $1 on advertising each type of gas, demand will increase by 10 barrels/day.   

The following is the blending rule for this product: If we take 
[image: image1.wmf]i

x

barrels of crude oil i (i = 1, 2, 3) and pour it all together, then the sulfur percentage of the blend is as follows:
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We assume that octane level blends in a similar way.

Below we present a mathematical formulation of this problem:
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Where, 
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c

: presents the number of barrels of crude i purchased; 
[image: image5.wmf]i

p

: presents the price paid per barrel of crude i; 
[image: image6.wmf]j

g

: presents the number of barrels of gas j produced; 
[image: image7.wmf]j

q

: presents the price per barrel of gas j; 
[image: image8.wmf]f

: presents the unit production cost; 
[image: image9.wmf]j

d

: presents the demand for gas j; 
[image: image10.wmf]ij

x

: presents the number of barrels of crude i used to produce gas j; 
[image: image11.wmf]j

a

: presents the dollars spent on advertising gas j; 
[image: image12.wmf]d

: presents the increase in demand for each dollar spend in advertising; 
[image: image13.wmf]j

O

: presents the octane number of gas j; 
[image: image14.wmf]j

s

: presents the sulfur content of gas j; and C: presents the production capacity of the refinery;   

The price of gas, crude oil, and the corresponding demands change every week. Build a decision support system that will enable the company to solve this problem on weekly bases and perform sensitivity analysis with respect to demand and price.      

Excel Spreadsheets
1. Build the following Excel spreadsheet, which contains information about the current week’s price of gasoline, price of crude oil, demand for gasoline, and supply of crude oil.
	Product
	Price ($/barrel)
	Sulfur Content
	Octane
	Demand

	A
	70
	At least 1%
	10
	3,000

	B
	60
	At least 2%
	8
	10,000

	C
	50
	At least 1%
	6
	1,000

	Ingredient
	Cost ($/barrel)
	
	
	Availability

	1
	45
	0.5%
	12
	5,000

	2
	35
	2%
	6
	5,000

	3
	25
	3%
	8
	5,000


2. Build an Excel spreadsheet that keeps historical data about demand for gasoline, price of gasoline, supply of crude oil, and price of crude oil.

User Interface
1. Build a welcome form.

2. The octane number and sulfur content are the only two parameters that do not change. Build a form that allows the user to update prices, ingredient availability, and product demand. Insert a command button that, when clicked on, solves the problem using the Excel solver.

3. Build a form that provides the solution to this problem. Include command buttons. When the user clicks on a button, one of the following actions is performed: 

a. A sensitivity analysis with respect to demand. Allow demand to vary from -20% to +20% of the current period’s demand.

b. A sensitivity analysis with respect to gasoline price. Allow price to vary from -20% to +20% of the current period’s price.   

c. A sensitivity analysis with respect to crude oil cost. Allow costs to vary from -20% to +20% of the current period’s costs.   

d. A sensitivity analysis with respect to production capacity. Allow the capacity to vary from -20% to +20% of the current period’s capacity.    

In this form include a list box that allows the user to select and view the reports generated during the sensitivity analysis. 

Design a logo for this project. Insert this logo in the forms created above. Pick a background color and a font color for the forms created. Include the following in the forms created: record navigation command buttons, record operations command buttons, and form operations command buttons as needed. 

Reports

1. Build a summary report of the solution found using the Excel solver.

2. Report a blend of crude oil that maximizes the contribution to profit, assuming an unlimited market demand for the three products.

3. Build a report that summarizes the results of the sensitivity analysis. 

Reference
Winston, L.W., “Operations Research: Applications and Algorithms.” Duxbury Press, 3rd Ed., 1994.
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