Fuel Blending at Jurassic Oil:
How to Minimizethe Cost of a Quality Blend

Teacher Resour ces
Operations Research

The field of Operations Research (OR) has its roots in the years just prior to World War 11 as the
British prepared for the anticipated air war. In 1937 fidd tests started on what was later to be
cdled radar. In 1938 experiments began to explore how the information provided by radar
should be used to direct deployment and use of fighter planes. Until this time, the word
experiment conjured up the picture of a scentig carying out a controlled experiment in a
laboratory. In contrast, the multi-disciplinary team of scientigts working on this radar-fighter
plane project studied the actual operating conditions of these new devices and designed
experiments in the field of operations and the new term operations research was born.  The
team's god was to derive an undestanding of the operations of the complete system of
equipment, people, and environmental conditions (eg. weather, nighttime) and then improve
upon it. Ther work was an important factor in winning the Battle of Britain and operationa
research eventualy spread to dl of the military services. Severd of the leaders of this effort
were Nobd laureates in their origind fields of studly.

Their approach was later pardlded in the US with the firs team working on anti-submarine
tactics. The US group developed a series of mathematical models entitled search theory that was
used to develop optimal patterns of air search. Like their British counterparts, they got close to
the action by riding in arplanes on patrol just as the modern operations researcher might ride in a
police car or spend time in an automotive assembly plant.  Currently, every branch of the
military has its own operations research group that includes both military and civilian personnd.
They play a key role in both long-term drategy and weapons development, as well as directing
the logigtics of actions such as Operation Desert Storm.  In addition, the National Security
Agency hasits own Center for Operations Research.

OR moved into the indudtrid domain in the early fifties and pardlded the growth of computers
as a busness planning and management tool. As the fidd evolved, the core moved away from
interdisciplinary teams to a focus on the development of mathematicd modds that can be used to
modd, improve, and even optimize red-world sysems. These mahematicd modes include
both determinisic modds such as mahematica programming, routing or network flows and
probabilistic modds such as queuing, smulation and decison trees  These mahemdicd
modeling techniques form the core curriculum in maders degree and doctord programs in
operations research which can be found in ether engineering or busness schools  Mogt
mathematics departments dso offer one or more introductory operations research courses a the
junior or senior undergraduate level .

Mathematical Programming in the Petroleum Industry
The history of mathematica programming is closdy intertwined with its application in the

petroleum industry and the growth of computers. In the early 1950s papers were aready being
publishing on the potentid of linear programming gpplications to fuel blending, aswel asthe
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scheduling of refineries. The smplest blending problem involved just one gasoline grade to be
blended from three to ten individua components. An entire refinery might produce only four
blends of gasoline out of 20 different components. Individua oil companies developed their own
stored computer programs that were used on the early computers of the 1950s. A mgor problem
was the limited storage of computers that restricted the size of the matrix that lies at the heart of
the agebraic solution of linear programs.

The increase in problem size and the non-linearity of certain functions (e.g., the effect of lead on
octane) motivated research into agorithms for solving increasingly complex problems. Asthe
problems grew larger, they exceeded the capacities of computers. Thisled to development and
implementation of agorithms that would split the problem into pieces and solve a series of linear
programs. Analogous procedures were devel oped to approximate non-linearity. These new
agorithms fuded the increase in usage of linear programming (LP) in the 1960s. In generd,
commercial LP packages did not exist at that time, and the user was still programming his own
agorithms. During this time period, dmogt al medium and large petroleum companies
developed refinery planning models using LP. By the end of the 1960s most companies began to
redlize that their newest chdlenge lay not with finding new and more efficient agorithms. The
problem was how to manage the modd with its large input data set and output that could run
over 100 pages.

In the 1970s, companies such as Amoco, Shdll and Exxon developed their own sophisticated in-
house systems to manage the models. These systems included the concepts of data base
management, matrix generation, and solution reporting in a compact form. During thistime
period with faster computers and the ability to mode non-linear functions, the range of
applications expanded. New models were developed that modeled the step-by- step process of
converting crude to find products. These modes supplemented the aggregate andysis used to
determine which components to use in which blend.

The 1980s and 1990s have seen dramatic changes in computing power and standardization of
software. The desktop user of computers can select from alarge array of commercidly available
mathematical programming packages that can be linked to database managers or Excd
Soreadshests. As aresult, gpplications of mathematical programming have been able to move to
lower and lower levelsin the organizationa hierarchy. In addition, these operationd and
planning models are becoming more and more linked to tota enterprise modelsthat are growing
in their role of helping companies manage their entire supply chain. For example, Citgo
developed an integrated products planning system. The system "helps top management with their
weekly decisons concerning refinery run levels, where to buy and sell products and what prices
to pay or charge, how much product to hold in inventory at each location and how much product
to ship by each mode of transportation.” The system isa powerful tool used by product
manager's, pricing managers, product traders and the budget manager in their financid, logistical
and marketing planning. Lastly, the trend towards globdization is forcing companies to mode

not just asngle plant or set of plantsin one country but rather to begin integrating al of thar
plants around the world into one model. Du Pont is reported to have models that span its
worldwide manufacturing capacity.

Abgtracted primarily from "A History of Mathematicd Programming in the
Petroleum Industry™, C. E. Bodington and T. E Baker, INTERFACES 20:4
1990, pp. 117-127.
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Objectives of the Module

The objective of this module is to motivate students to learn mathematics by demondrating ways
in which the mahematics they ae leaning is actudly used in industry and government.
Techniques of operations research such as liner programming are used to solve diverse
problemsin awide variety of business and governmenta settings.

The Jurassic Oil gasoline blending problem asks students to explore minimizing cost while dill
mantaining certain criteria for the blending of two didtinct types of gasoline. It is an example of
what are cdled “blending” problems, and it occurs whenever a company wants to manufacture a
product with specific, unique characterigtics, unlike any that is available, but can produce such a
product by combining two or more products which are available.  Students will learn how to use
the graph of a sysem of linear inequdities to solve geometricaly a basc problem involving only
two decison varigbles. One way to extend the basic problem is to consder problems involving
more than two decison variables. Although the geometric technique is no longer gppropriate,
the problem is 4ill solvable If the problem can be mahemaicdly formulated, software
packages can then be used to determine the optima solution. Thus, the “coin of the redm” today
and in the future in mathemticsis problem formulation.

The specific objectives of the Jurassic Oil Blending module include:

1. Demondraing the interdisciplinary nature of problem solving in indudry; i.e, an
undersanding of chemidry, maerids science, environmental science, and nutrition
may be needed in setting up an appropriate system of congraints.

Introducing congtraints that are determined using weighted averages.
Rewriting condraints with numeric right-hand sides.
Scaling the data to thousands of barrels (bbls).

Congdering afeasible "region” which lieswhally on one straight line (the demand
equaity).

o b~ N

For Algebra 2 or higher levd students, the objectives of the module dso include:  Providing a
glimpse of non-linear programming. (For example, octane and gasoline volatility are nontlineer
functions which are sometimes approximated using linear functions.)

This module is intended to enhance student skill development by providing red-world examples
to motivate sudent learning. The particular skills that are targeted in this module are:

Converting word problems into mathematica expressions
Finding weighted averages

Graphing linear equtions

Graphing linear inequalities

Graphing systems of inequalities

Solving systems of linear equations and inequdities
Interpreting problem solutions

N o gk DR
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Initiating an Opening Dialogue

In order to motivate students for this lesson we have provided some discusson questions. Please
take time to allow students to discuss some of these questions ether in groups or as aclass:

* How are different blends of gasoline crested?

* How do you mix the various fillings (chicken, beef, pork, water) to produce a hot dog
thet islow in codt yet as high as possible in nutrition?

* How is gold mixed with various other metds to produce the different karat weights
needed in designing and producing jewelry?

* How do you decide how much of each type of nut to mix in order to produce mixed
nuts that are low in cost yet meet the public requests so that you can have maximum
sdes?

Using the Module

The base problem provided in this module is designed for students in an Algebra 2 course. In
addition, an dternative scenario having fewer condraints and a two-dimensond feasble region
is provided for students in an Algebra 1 course.  The steps in formulaing and solving a linear
programming problem involve identifying the decison variables and an objective function,
identifying any condraints on the decison vaiables, determining the feesble region, and
locating the optima solution in the feasble region. As students explore these deps in solving
the problem, they should carefully consider the following definitions of the key concepts.

Decision variables are the variable quantities completely describing the decision to be made.

The two sample problems contain only two decison variables. This alows inequdities to be
graphed in a coordinate plane, using graph paper or a caculator. In more complicated problems,
where there are more than two decison variables, computer programs are needed to find the
solutions.

Objective function is the quantity to be maximized or minimized which is defined in terms of
the decison variables.

The objective function is the vehide by which the decison maker maximizes or minimizes an
amount. In the two sample problems, the god is to minimize the totd cost that Pete Troleum
must pay the two companies to produce the grade of gasoline that he needs. The objective
function is usad to find this minimal cod.

Other optimization problems look to maximize an amount, looking for the largest vdue to the
objective function. Students should be &ble to verbalize why maximization is not a god of this
problem. They should aso be able to come up with examples when a person would want to
maximize an objective function.
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Congtraints are restrictions on the values of one or more of the decison variables.

The condrants are linear inequdities and equaions in the two sample problems. All the
congraints include the line itsdf in its solution, so they will be solid lines when graphed.

Feasible region isthe st of dl pointswhich satisfy al of the congtraints.

It is the feasble region which will tel you dl possble points to use in the objective function to
find the minima amount of totd weekly gasoline purchase cod, in this module The feashble
region may be in the shape of a polygon (as in the Algebra 1 example). If equations are used
dong with inequdities, the feasble region could be a line segment(as in the Algebra 2 example)
or even a point. All the paints in the feasble region, including those on the boundary, satisfy dl
the congtraints.

Optimal solution is the set of pars of vaues of the decison variables which satisfy dl of the
congraints and achieve the god of minimizing (or maximizing) the objective function.

Finding the optima solution is usudly done in two parts.
» locating afeasble region containing al of the points which satisfy dl of the congdraints;
» udng the objective function to find the point in the feasible region which is optimal.
Y ou may want to begin this process with students by posing questions such as.

"So how do you find the optimd solution for this problem? In other words, what is the minima
cost in order to buy the different grades of gasoline?"

Students need to understand that they have to find vaues of A and H tha while minimizing the
blending costs, neverthdess satisfy dl of the condraints.

To ensure uniformity of solutions we have suggested that students graph A on the horizonta and
H on the verticd axis. You may wish to discuss with the students the effect of graphing these
variables the other way around or ask severa studentsto do so.

In these problems it appears that A and H must be whole numbers, because parts of a barrdl are
goparently not sold. However, the "bard" is a unit of measure. The amount of gasoline
purchased may be ddivered by a large tanker, or even via a pipdine, so that fractiona barrels
could be purchased. This may be an important question to discuss with sudents.

Once students have conceptudized the problem gStuation, the entire module could be conducted
as a cooperdive learning Stuation and/or a competition.  Groups could be formed and named as
competing oil companies. Each group could work a finding the smalest cost for the gasoline
that meets dl of the condraints.
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Teaching Noteson Feasible Region (see page 3 of student module)

1. Students are asked to gragph the sx condraints. You may want to discuss that these
condraints are grgphable because there are only two decison variables. In Stuations
where there are more decison variables, it is necessary to use a computer to determine
the solution.

2. When gudents are asked to graph the six condraints the issue of what scale to use should
be discussed. You may wish to use the coordinate grid provided a the end of this
Teacher Resource Guide.

3. After grgphing the Sx condraints students should notice that the feasble region is a line
segment.  Mogt linear programming problems result in feasible regions that are polygons.
Since one of the Sx condraints in this case is an equation, the region is reduced to a line
segment.

4. Two of the Sx condaints, A < 90,000 and H < 90,000, are not boundaries of the feasible
region. A discusson topic could be For what vaues of N would A < NandH <N
become boundaries of the feasble region? This is a smplified example of what
operations researchers cal "sengtivity andyss.”

Extensions

The four exercises on the following pages extend the base problem. These might be assigned as
homework examples at the teacher's discretion. In order to develop a degper understanding of
real-life gpplications of mathematics, students should be alowed to discuss these extensons, as
well as other sorts of Stuations and the differing congraints they would entail.

The firgd three extensons are reatively draghtforward. The fourth extenson discusses the
nonlinearity of octane. A graphing caculator is necessary to complete the fourth extenson and a
bit more structure has been provided to assst students.
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Vapor Pressure

Extension 1. Leave dl the conditions the same as in the sample problem except for the vapor
pressure. Rewrite that problem as "The first grade has an octane number of 92, a vapor pressure
of 55 ps and contains 0.4% sulfur and the second grade has an octane number of 85, a vapor
pressure of 45 ps and contains 0.25% sulfur." Leave dl of the other characteristics of the
problem the same. Solve this new problem.
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Reducing the Sulfur Content

Extenson 2: Leave dl the conditions the same as in the sample problem except the third
characterigtic of the blend. Rewrite this characteristic as "contains less than or equa 0.34%
aulfur." Solve the problem using this new set of condraints.
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Increasing the Octane Rating

Extenson 3. Leave dl the conditions the same as in the sample problem except the firg
characterigtic of the blend. Reword it as "an octane number higher than or equd to 89.1." Solve

the problem using these congtraints.
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An Extension for the Graphing Calculator

Extenson 4: Over the years, octane blending studies have shown that the octane number, v;, of
the blend of gasolinesin the Jurassic Oil problemiis:

_11,040- 7x  2.8x(120- X)
120 1202

where x = the number (in 1000s) of bbl d Allif gasoline and 120 - x = the number (in 1000s) of
bbl of HyOctane gasoline.

1

1. Wha should the graph of thisfunction look like? Why?

2. Usng a grephing cdculator, grgph this function with [0,120] x [85,92] as the viewing
window.

3. Why does this viewing window make sense for the Jurassic Oil problem?

Did you accurately predict whet the graph of this function looks like?

. . . 11,040- 7
If the behavior of octane numbers were linear, then the function would be y, = % .

4. Inthesameviewing window, greph y; and y..

5. Where do these two graphs intersect?

6. Now graph both of these functions using [30,90] x [85,92] for the viewing window.
7. Why does 30 < x < 90 make sense for this problem?

8. For x = 30, 40, 50, 60, 70, 80, and 90, find the difference between y, and y,. Where does it
appear that this differenceis greatest? Why does that make sense?

9. In the same viewing window, graph y; and y, dong with y; = 89, the minimum octane
number required of the blend. Then find the point of intersection of the two Sraight lines.

10. What isthe sgnificance of the x-vaue of this point?
11. Usngthisx-vaue, find thevdueof y;. What doesthe vaue of y; represent?

Since x = 51,4286 bbl of Allif gasoline in the blend actualy produces an octane number less
than 89, it cannot be the optima solution to the Jurassic Oil problem.

12. Whereinthe system of graphsof v, , y. and Y isthe optima solution?
13. What isthe optimd solution?

14. How much cost was added to the solution found in the base problem, which assumed
linearity?
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Linear Programming - Real World Blending Examples

CAMP (Computer Asssted Menu Planning)

A study conducted over 50 years ago found that a grown man could subsist on $40 ayear
for food (August 1939 prices). The resulting meds might not have been very pdatable, but they
certainly were economica.

Trying to come up with a well baanced med for a family of four is a difficult task in
itdf. Trying to come up with wdl badanced, nutritiona, economica meds for patients in a
hospita, for prisoners, for school populations, or for nursng homes is very difficult. The menus
will adso determine equipment and personnd.  Hospitdls (among other inditutions) have
congtraints on the different limits for fat, cholesterol, sodium, and specid diets. Cycles of meds
are ds0 a factor in determining the med to serve. Coming up with a proper menu that keeps cost
to a minimum can be codly and time consuming. With the advent of linear programming and
the computer, the task has become smplified. CAMP (Computer Asssted Menu Planning) is a
program used to hep samplify a seemingly overwhdming task. One such program, used in a
hospitd, had over 30 nutritional condraints, and there were minimum inteke levels of 29
nutrients.  Also, food preferences needed to be consdered. Menu cycles and costs are important.
Even color, flavor, and texture can be condrants An dl pde ydlow med (fish, mashed
potatoes, squash), while being nutritiond and cost effective, may not be gppeding. The CAMP
progran was aso able to pick up nutritiona requirements for a later med if a previous med did
not meet the requirements due to other condraints. Though the variables and congtraints seemed
endless, the program ran successfully and cut food costs by over 10%.

The USDA uses linear programming to set codts for family food plans. This serves as a
basis for food samp dlotment.

Lilly Lancagter. The evolution of the Diet Modd in Managing Food Systems. Interfaces 22:5
(Sept.-Oct. 1992), 59-68.

OMEGA System of Blending Gasoline for Texaco Oil Company

Ancther use of linear programming is in the OMEGA sysem of blending gasoline for
Texaco Oil Company. Crude oil has different processes it will go through to produce light crude
oil such as gasdline, dl the way through to heavy crude ail, which would be fue oil and asphdlt.
Blending to achieve the different grades of ail is a linear programming problem. Scheduling the
blending operations in a plant to produce sufficient amounts of each type of ail is not linear.
There are over 15 stocks (such as vapor pressure, octane indices, and lead content) that yield up
to eght different blends. There ae 40 variables and 71 condraints. By udng the OMEGA
System in seven of its refineries, Texaco saw a 30% increase in profits, which amounted to over
$30 million.
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Cdvin Dewitt, Leon Lasdon, Allan Waren, Dondd Brenner, & Simon Milhem. OMEGA: An
Improved Gasoline Blending System for Texaco. Interfaces, 19:1 (Jan.-Feb. 1989), 85-101.

Mathematical Modelsin Farm Planning

The uses for linear programming in solving problems in farming are numerous. It is used
in cropping policy, fetlizer blending for maximum effidency and minimum cod, fam
expanson by land purchase and use, and dally harvest operations. Dairy cattle and pig feed
formula for optimum weght gan and minimum cod, the types of cdtle to be rased, and
integrating beef and crop production are just a few of the areas where computer programs have
assged famers. The Nationd Research Council (US) and the Agriculturd Research Council
(United Kingdom) have used linear programming to ad the famers and saved them time and
expense.

John J Glen. Mathematicd Modds in Fam Panning: A Survey. Operations Research, 35:5
(Sept.-Oct. 1987), 641-665.
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1.

2.

HOMEWORK PROBLEMS

A fruit grower can use two types of fertilizer in his orange grove, Brand A and Brand B. The
amounts (in pounds) of nitrogen, phosphoric acid, and chlorine in a bag of each brand are
given in the table. Tedts indicate that the grove needs at lee 1,000 pounds of phosphoric
acid and & most 400 pounds of chlorine.

Pounds per Bag | BrandA | BrandB
Nitrogen 8 3
Phosphoric Acid 4 4
Chlorine 2 1

If the grower wants to maximize the amount of nitrogen added to the grove, how many bags
of each mix should be used? How much nitrogen will be added?

A dietitian in a hospitd is to arrange a specid diet composed of two foods, M and N. Each
ounce of food M contains 30 units of cacium, 10 units of iron, 10 units of vitamin A, and
8 units of cholesterol. Each ounce of food N contans 10 units of cacium, 10 units of
iron, 30 units of vitamin A, and 4 units of cholesteral. If the minimum daily requirements
ae 360 units of cacium, 160 units of iron, and 240 units of vitamin A, how many ounces
of each food should be used to meet the minimum requirements, and, & the same time,
minimize the cholesteral intake? What is the minimum cholesterol intake?

Each week, the Deelite Milk Company gets milk from two dairies and then blends the milk
to get the desired amount of butterfat for the company's premier product. Dairy A can supply
a mogt 700 galons of milk averaging 3.7% butterfat and costing $0.90 per gd. Dairy B can
supply milk averaging 3.2% butterfat costing $0.75 per gd. How much milk from each
supplier should Deelite use to get 1000 gallons of milk with at least 3.5% butterfat?
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Project Ideas

1. Interview the food service manager at your school or a dietician a a locd hospitd. Ask
about daly nutritionad requirements. Find out how menus are planed. Determine if the
meals meet the minimum daily requirements. Write a report describing what you learned.

2. Research the recommended daly nutritional dlowances for a teenager. Desgn hedthy lunch
menus for one week for your school cafeteria

3. Choose a least five different types of breskfast cereds. Copy the nutritiond informetion
given on the dde of each box. For each cered, find the totd number of vitamins and
minerds that provide a lesst 25% of the recommended daly dlowance. Compare the
cereds sugar and vitamin and minerd content in the form of a poder, article, commercid,
etc.

4. Vigt a greenhouse and learn how they determine the gppropriate fertilizer mixes for al of the
different types of vegetables, plants, shrubs, trees, etc. Write a report describing what you
learned.

5. Surf the World Wide Web to learn the locations of gasoline blending facilities. Ligt a leest
gx such gtes, and indicate the location which is closest to your school. If there is one
located relatively close to your school, ask your teacher to help you plan a fidd trip for your
class.
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Solutionsto Jurassic Oil - Base Praoblem:

1

10

11

12

13

14

How much of each type of gasoline to purchase from each company.

$1,350,000 = ($15) (90,000)

$600,000 = ($20) (30,000)

$1,950,000

Total Cost = 15A + 20H

A <90,000; H < 90,000

A + H =120,000

It is an eguation not an inequdity.

$16.25 per barrel = $1,950,000 / 120,000 barrels

Answers vary; because this question sets up the concept of a weighted mean, which is used

next, you may want to be sure that al of your students understand why the average cost per
bbl of the gasoline purchased for the blend is less than the average of the two costs per bhl.

15A +20H
A+H
5A +4.5H
5: 5.5 4.5: SSA+45H o ¢
A+H
25A + .4H 85A + 92H
alfr ——— £0.35 octane ————— 3 89
A+H A+H

Vapor: 0.5H - 0.5A >0, Sulfur: 0.05H - 0. 1A <0, Octane: 3H - 4A >0,
oo A-H<O or 2A-H>0 or4A-3H< 0
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15

16

17

18

19

20

21

22

23

24

Base Module
Feasible Region and Optimal Solution

H = 0000

=Y

000'06

aline ssgment

2A-H>0H<?2A); 4A-3H<0(H<4/3A); A+H=120,000
A <90,000; H<90,000; A-H<OMH>A)

Yes, it meets dl the constraints.

(51,428.6 , 68,571.4) and (40,000 , 80,000)

$2,150,000 = $15 (50,000) + $20 (70,000)

answers will vary

(51,428.6, 68571.4) Cost: $2,142,857 = $15 (51,428.6) + $20 (68,571.4)
(40,000, 80,000) Cost: $2,200,000 = $15 (40,000) + $20 (80,000)

(51,428.6 , 68,571.4)

Thelinesare pardld.

16
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25 (51,4286 , 68,571.4); Itisan endpoint of the line segment formed from
A + H = 120,000 and two inequalities.

26 514286 bards from Allif Oil and 685714 bards from HyOctane will yied the
minimum cost.

27  $2,142,857

28 octane number:  88.999998 » 89
vapor pressure. 4.9 ps
ulfur content:  0.34

Solutionsto the Extensions

Extension 1: No solution is possible. The "new" vapor pressure condraint: H - A < 0. The
feasible region cannot be drawn to meet all of the condraints When the feasble region is an
empty s, there does not exist an optima solution to the proposed Stuation.  You may wish to
have the students sketch the graphs and discuss what coud be done in this case.

Extenson 2. 68,5714 bares from HyOctane and 51,428.6 barels from Allif Oil. This is the
same solution as the base problem in the module.  The feesble region is a line segment again,
but, in this case, the line segment has been shortened. The part of the line that was diminated
did not indude the optima solution of the origind problem. Therefore, diminating that piece
from the feasible region does not change the optima solution.

Extension 3: In this problem, the feasble region is a again a line ssgment. However, the origind
optima solution no longer is pat of this line ssgment. The Octane condraint and the tota
production constraint now intersect at the point (49,714.3 , 70,285.7). The new tota cost would
be $2,151,429. This is an increese $8572 as a result of the 0.1 increase in the Octane
requirement.

Extension 4:

1. A paabola thefunctionissecond degreein Xx.

3. The total number of bbl of gasoline to be blended is 120,000; the octane rumbers of the two
grades to be blended are 85 and 92.

5. (0,92) and (120,85)
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6.
7. For each grade of gasoline, at least 30,000, but not more than 90,000 bbl can be used in the
blend.
ki 'y
8. 5::-= . EZE

- X =60; if Y, =Y,a the extremes where none of one of the gradesis used in

the blend, it makes sense that the greatest difference would occur when the blend uses 50%
of each grade.

"'\-\.\_\_\_\_\_\-l

9 i &I‘ltil’!icti\)l‘l

10. Thisvaueof x represents the optima solution
found earlier for the sample problem.

51.7E21 2765
22.297436895

11. The true octane number would be about 88.3
j
12. At theintersection of the horizonta 13, e

line (y,) and the parabola ( Y;). n.b., if x = 40,673.6 bbl are purchased from

Allif, then 120 - x = 79,326.4 bbl must be
purchased from HyOctane.

14. This non-linear adjustment increases the cost to $2,196,612 as compared to the base problem

cost of $2,142,857. This is a net increese of $53,775. This heps explan why the oil
industry was concerned about accurately estimating the octane of a blend.
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Solutionsto the Alter nate Scenario:

1

2

10

11

12

13

14

15

16

17

18

How many barrdls to purchase from each supplier.

Answers will vary, but the amount purchased from HyOctane should be < 90,000 bbl,
and the total amount purchased should be > 120,000 bbl.

Answverswill vary with the answer to item #2.
$20(90,000) + $15(30,000) = $2,250,000
$15(120,000) = $1,800,000
C=15A+20H

H < 90,000

A +H > 120,000

$2,250,000/120,000 = $18.75 per bbl

$17.50 is the average of $15 and $20. However, that cannot apply to this question because
the purchase does not involve an equa number of bbl from each supplier.

A + H represents the total number of bbl of gasoline purchased. To find the average cost
per bhl, it is necessary to divide by the tota number of bbl purchased.

5.5A +4.5H
5 55 45, ———— £5
A+H
.25A +.4H
A+H

£ 035

50,000 + 50,000 < 120,000

Answers vary with sudents answers to question number 2.

(40,000 , 80,000); (45,000, 90,000); (60,000, 60,000); (90,000 , 90,000)

A H C=15A+20H
20,000 80,000 | C = $15(40,000) + $20(80,000) = $2,200,000
45,000 90,000 | C = $15(45,000) + $20(90,000) = $2,475,000
60,000 60,000 | C = $15(60,000) + $20(60,000) = $2,100,000 **
90,000 90,000 | C = $15(90,000) + $20(90,000) = $3,150,000

(60,000 , 60,000)
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20

19 60,000 bbl should be purchased from Allif and 60,000 bbl from HyOctane the minimum

cost is $2,100,000.

20 yes

10008 of Eela

1000s of bbls

| 15A + 20H = 3,150,000

15A + 20H = 2,475,000

*| 15A + 20H = 2,200,000
| 15A + 20H = 2,100,000

21 Thelinesare pardld.

22 All of the codt lines form a family of padld lines. The further left and lower a member of
this family is the lower the cog thet line represents. The line with the lowest codt, while
still intersecting the feasible region, meets dl of the condraints. This line intersects the
feasible region at (60,000 , 60,000). Therefore, thisisthe optimal solution.



Fuel Blending at Jurassic Qil - Teacher Resources 21

Solutionsto Homework Problems:

1 If N represents the number of Ibs. of nitrogen, and A and B represent the number of |bs. of
Brand A and Brand B fertilizer, respectively, then the problem can be formulated as.

maximize the objective function, N = 8A + 3B
subject to the congtraints 4A + 4B > 1000 and 2A + B < 400.

Evaluation of Corner Points
B —f (0,400)
— N =8A + 3B
B N = 8(0) + 3(400) = 0 + 1200 = 1200
0250 = N = 8A + 3B
7 N = 8(0) + 3(250) = 0 + 750 = 750
- (150,100) N =8A +3B
i \ N = 8(150)+3(100) = 1200 + 300 = 1500
| | | | | |
L So the optima solution is (150,100); i.e,

150 Ibs. of Brand A and 100 Ibs. of Brand B
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2 Let C = the number of units of cholesterol and let M and N represent the numbers of oz of
food M and food N, respectively. Then the problem can be formulated as:

minimize the objective function, C=8 M + 4 N, subject to the congiraints
30M + 10N >360(3M + N > 36),

10M + 10N > 160 (M + N > 16), and

10M + 30N >240 (M + 3N > 24).

Evaluation of Corner Points

C=8M+4N
C=8(0) + 4(36) = 0+ 144 = 144

C=8M+4N
C = 8(10) + 4(6) = 80 + 24 = 104

i C=8M+4N
C=8(12) + 4(4) = 96 + 16 = 112

. C=8M+4N
44 (12,4) C=8(24) +4(0) =192 + 0=192

1 T T T 1 1T 1w So the optima solution is (10,6); i.e, 10 oz of
4 food M and 6 oz of food N.
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3 Let C = the cogt of the milk blend and let A and B represent the number of gd of milk
purchased from Dairy A and Dairy B, respectively. Then:

minimize C=15A + 1.25 B subject to the congdraints:

A< 700

A+ B =1000
3 35(B £2A)

3.7A +3.2B
A+B

Evaluation of Corner Points

(600,400)

(700,300)

Notice that the feadble "region” is the line
segment whose endpoints are  (600,400)
and (700,300).

C=09A+0.75B
C = 0.9 (700) + 0.75 (300)
C = 630 + 225 = 855

C=09A+075B
C = 0.9 (600) + 0.75 (400)
C =540 + 300 = 840

S0, the optimal solution is (600,400);

i.e, purchase 600 gad from Dary A and
400 gd from Dary B. The minimum cost
is then $840.



