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Reference : Process simulation - Virtual papermaking, Dr. Jorg Reuter,
Dr. Florian Wegmann, Twogether 15, p. 51-53, Feb. 2003.
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, £7] BAZRAE T Gl FgigE AE & dMe
o, 2o di 70%E HEZFHo]  digester, pressure diffusers,
oxygen-—delignification on screening, bleaching, chlorine dioxide plant, pulp
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Reference : Using dynamic process simulation for business and risk
management, Bill Thomas, AMEC, Svolutions! for people, Processes and
Paper, p. 36-37, May 2003.
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(Reference @ Numerical Methods for Engineers - With Software and
Programming Applications, 4th ed, S.C. Chapra, K. P. Canale, McGraw
Hill, 2002, p.387-393)
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15.3 -

EXAMPLE 15.3

OPTIMIZATION WITH PACKAGES

Software libraries and packages have great capabilities for optimization. In this section, we
will give you an introduction to some of the more useful ones.

15.3.1 Excel for Linear Programming

There are a variety of software packages expressly designed to implement linear program-
ming. However, because of its broad availability, we will focus on the Excel spreadsheet.
This involves using the Solver option previously employed in Chap. 7 for root location.

The manner in which Solver is used for lincar programming is similar to our previous
applications in that the data is entered into spreadsheet cells. The basic strategy is to arrive
at a single cell that is to be optimized as a function of variations of cther cells on the
spreadsheet. The following example illustrates how this can be done for the gas-processing
problem.

Using Excel’s Solver for a Linear Programming Problem

Problem Statement. Use Excel to solve the gas-processing problem we have been ex-
amining in this chapter.

Solution. An Excel worksheet set up to calculate the pertinent values in the gas-
processing problem is shown in Fig. 15.4. The unshaded cells are those containing nu-
meric and labeling data. The shaded cells involve quantities that are calculated based on
other cells. Recognize that the cell to be maximized is D12, which contains the total
profit. The cells to be varied are B4:C4, which hold the amounts of regular and premium
gas produced.

FIGURE 15.4
Excel spreadsheet set up 1o use the Solver for linear programming.

=B6"B4+(6%C4

=B7#B4+(7*(C4

=B4*B11 =C4*C1t  =B12+C12
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Once the spreadsheet is created, Solver is chosen from the Tools menu. At this point a
dialogue box will be displayed, querying you for pertinent information. The pertinent cells
of the Solver dialogue box are fiiled out as

The constraints must be added ore by one by selecting the “Add” button. This will
open up a dialogue box that lcoks like

As shown, the constraint tha? the total' raw gas (cell D6) must be less than or equal to
the available supply (E6) can be added as shown. After adding each constraint, the “Add”
button can be selected. When all four ¢onstraints have been entered, the OK button is se-
lected to return to the Solver dizlogue box. '

Now, before execution, the Solver options button should be selected and the box
labeled “Assume linear model” should be checked off. This will make Excel employ a ver-
sion of the simplex algorithm (rather than the more general nonlinear solver it usually uses)
that will speed up your application.

After selecting this option, return to the Solver menu. When the OK button is selected,
a dialogue box will open with a report on the success of the operation. For the present case,
the Solver obtains the correct sclution (Fig. 15.5)
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§ Gas Processing Problem

Total____Available

FIGURE 15.5
Excel spreadshest showing solution to linear programming problem.

Beyond obtaining the solution, the Solver also provides some useful summary reports.
We will explore these in the engineering application described in Sec. 16.2.

15.3.2 Excel for Nonlinear Optimization

The manner in which Solver is used for nonlinear optimization is similar to our previous ap-
plications in that the data is entered into spreadsheet cells. Once again, the basic strategy is
to arrive at a single cell that is to be optimnized as a function of variations of other cells on
the spreadsheet. The following example illustrates how this can be done for the parachutist
problem we set up in the introduction to this part of the book (recail Example PT4.1).

EXAMPLE 15.4  Using Excel’s Solver for Nonlinear Constrained Optimization

Problem Statement. Recall from Example PT4.1 that we developed a nonlinear con-
strained optimization 1o minimize the cost for a parachute drop into a refugee camp. Pa-
rameters for this problem are

Parameter Symbol Value Unit

m/s?

$/m
$/m?
m/s

kg/ls: m?
m
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Substituting these values into Eqgs, (PT4.11) through (PT4.19) gives
Minimize C = n(200 + 56£ + 0.1A%)
subject to

v<20
n>1

where n is an integer and all other variables are real. In addition, the following quantities
are defined as

A=2mr?
= 2r
c=3A
M,
m = e (15.6)
n
2
t = root [500 - -9-—-531 + 9§;" {1- e-(f/"m)] (15.7)

_98m . mu
ve=— (1-e )

Use Excel to solve this problem for the design variables r and n that minimize cost C.

Solution. Before implementation of this problem on Excel, we must first deal with the
problem of determining the root in the above formulation [Eq. (15.7)). One method might
be to develop a macro to implement a root-location method such as bisection or the secant
method. (Note that we will illustrate how this is done in the next chapter in Sec. 16.3.)

For the time being, an easier approach is possible by developing the following fixed-
point iteration solution to Eq. (15.7),

9.8m

Thus, r can be adjusted until Eq. (15.8) is satisfied. It can be shown that for the range of pa-
rameters used in the present problem, this formula always converges.

Now, how can this equation be solved on a spreadsheet? As shown below, two cells
can be set up to hold a value for ¢ and for the right-hand side of Eq. (15.8) [that is, f(1)].

2
fial = [500 + 2'—2:2-'-"— (1- e"“"”)“)} — (15.8)

98m 98m camM €
c (1 —“))]981'1
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You can type Eq. (15.8) into cell B21 so that it gets its time value from cell B20 and the
other parameter values from cells elsewhere on the sheet (see below for how we set up the
whole sheet). Then go to cell B20 and point its value to cell B21.

Once you enter these formulations, you will immediately get the error message: “Can-
not resolve circular references” because B20 depends on B21 and vice versa. Now, go to
the Tools/Options selections from the menu and select caleunlation. From the calculation
dialogue box, check off “jteration” and hit “OK.” Immediately the spreadsheet will iterate
these cells and the result will come out as

Thus, the cells will converge on the root. If you want to make it more precise, just strike the
F9 key to make it iterate some more {the default is 100 iterations, which you can change if
you wish).

An Excel worksheet to calculate the pertinent values can then be set up as shown in
Fig. 15.6. The unshaded cells are those containing numeric and labeling data. The shaded

FIGURE 15.6
Excel sprecdshee! sef up for the nonfinear porachute oplimization problem
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—

cells involve quantities that are calculated based on other cells. For example, the mass i
B17 was computed with Eq. (15.6) based on the values for M, (B4) and n (ES). Note also
that some cells are redundant. For example, cell E11 points back to cell ES. The informa-
tion is repeated in cell E11 so that the structure of the constraints is evident from the sheet,
Finally, recognize that the cell to be minimized is E15, which contains the total cost. The
cells to be varied are E4:ES, which hold the radius and the number of parachutes.

Once the spreadsheet is created, the selection Solver is chosen from the Tools menu,
At this point a dialogue box will be displayed, querying you for pertinent information. The
pertinent cells of the Solver dizlogue bbox would be filled out as

The constraints must be zdded one by one by selecting the “Add” button. This will
open up a dialogue box that looks like

Add Constraint

As shown, the constraint that the adtual impact velocity (cell E10) must be less than or
equal to the required velocity (G10) can be added as shown. After adding each constraint,
the “Add” button can be selecied. Nots that the down arrow allows you to choose among
several types of constraints (<=, >=, =, and integer). Thus, we can force the number of
parachutes (ES) to be an integer.

When all three constraints have been entered, the “OK” butten is selected to return to
the Solver dialogue box. After sclecting this option return to the Solver menu. When the
“QK" button is selected, a dialogue box will open with a report on the success of the oper-
ation. For the present case, the Solver dbtains the correct solution as in Fig. 15.7.
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’Parachg tnmatmn Problem

Parameters: , Design variahles:
Mt 2000 r % -
98 n T
costl 200 -
cost2 56 Constraints:
cost3 0.1 !
2 variahle | ype limit
3 ¥ 20
Caicylated values:  Objective function:
A
| iCost )
Reaot location: _
t 27.04077: . i} .
ft) 27.04077, b .

FIGURE 15.7
Excel spreadsheet showing the solution for the nonlinear parachute optimization problem.

Thus, we determine that the minimum cost of $4377.26 will occur if we break the load
up into six parcels with a chute radius of 2.944 m. Beyond obtaining the solution, the,:
Solver also provides some useful summary reports. We will explore these in the engineer-
ing application described in Sec. 16.2.
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Refining of short fiber

The mosphological structures of dif-
ferent short fibers reveal most of
those properties that can be ﬁmhez
developed through

refining. The quality of ha:dwood
pulps can be evaluared through
fiber width and length, coarseness
and hemi-cellulose content, figure
1.

Selection of the right taw ma-
terial is becoming one of the most
important factors in assuring high
printing qualiry. Figure 2 presents
the internal differences between
short-fiber pulps.

Fiber dimensions of
hardwoods iliustration
Hardwood fibets are generally easy
1o refine, The energy consumption
required to achieve practical free-
ness is relatively low and the desired
fibyey rries are exposed at
5 2 low refining intensi-
trowical hardwoods are

higher energy, coarser fillings and
higher intensity. However, the high-
er energy requirement can be bal-
anced by using modern low-ener-
gy conical refiners with a large se-
lection of specialized refiner fitlings.

Strength properties are em-
phasized in runnability and con-
verting. High tensile ssreageh and




FOR FINE PAPER

Raw material
Properties

Fibes hmgth

CDBM?SS—-—.——, Numbert of fibers g Light scziiring/

per unit weight . opacity
Hericellul gyn;i:\sian
Content ability
Fiber width/cell wpm. Stiffness Buiklsnﬁnass
wali thickness. 5 "
Figure 1.
Effect of raw material properties on the pap king p of short-fiber prip.
MTH Eucalypius Acacia Blvch

L ot

Cell v_val}l_wggthm ) 45%
Fibers/g, miltion. S
Figure 2.
Fiber dimensions of bardwoods.

50%
13

Table 2.

Birch Eucalyptus Acacia MTH
Formation - Q
Opacity - 0
Smocthness ) - 4
Strength + + o]
Bulk/stiffness 0 ]

The relative posensial of shon fibers for key fine paper
properties compared with the potential of acacia.

ply bond are also desirable prop-
erties from the short-fiber com-
ponent, especizily when the long-
fiber fraction is reduced, but they
must not affect printability too
much, Northern birch has the best
strength potential. European eu-
calyptus is quite close to birch,
whereas the tensile strength of
both acacia and mixed tropical

fiber material, and since the cur-
rent trend is towards the greater
use of hardwoods, the importance
of strength properties is increasing.
Refining plays the most important
role in achieving this goal.
Low-consistency refining is a
process stage that has a major im-
pact on final paper properties. A
refining system thar generares

hardwood is more difficult to de-  strength, with minimal effect on
velop. Consequently, it is ial  drainage and optical properties
to get the best out of these fibers.  offers an advantage.

Optical properties such as light Modern Valmet conical Conflo®
scattering and opacity correlate  vefiners ensure the achievement of
with the number of fibers per  high strength properties combined
weight unit. Short fibers with a  with good printing properties.

higher fiber number, such as aca-
cia, yield the best optical proper-
ties. Coarse and long fibers, such
as birch and mixed tropical hard-
wood, give the lowess light scar-
tering and opacity. Short fiber
length also has a positive effect on
formation and pbrosity.

As shown in eable 2, short-fiber
pulps, such as acacia and evca-
lyptus, do give the best optical
propertics, whereas coarses birch
fibers yield the best strength prop-
erties.

Tailored tools

for fiber furnishes

The most important properties in
fine paper production are good print-
ing, formation and optical propes-
ries, stiffness, surface smoothness
and sufficient strength. Since many
of the important properties of fine
paper are gained by using short
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Linear Programming FAQ

Linear Programming
Frequently Asked Questions

e Optimization Technology Center of
Northwestern University and Argonne National Laboratory

Posted at http://ww-unix.acs.ant .gov/otc/Gul de/ faq/1 inear-programning—fag.html
Changes posted to Usenet newsgroup sgi.op—research

Date of this version: April 1, 2003

. Q1. "Wha; is Lin ggr Programming?”

ial codes and modsling systems
o Free demos of commercial codes
« Q3. "Oh, and we also want to solve it as an integer program.”
« Q4. " wrote an optimization code. Where are some test models?”
o Q5. "What is MPS togmgt'”

I “What is a modeling language?”
“How do | diagnose an infeasible LP model?*
3: "l want to know the spe¢ific constraints that contradict each other
"l just want to know whether or not a feasible solution extsts
" have an LP, except it's got several objective functions.*
Q6.6: ‘I have an LP that has large almost-independent matrix blocks that
are linked by a few constraintg. Can | take advantage of this?"
"o @6.7: " am looking for an algorithm to compute the convex hult of a finite
number of points in n-dimensional space.”
o Q6.8: "Are there any paraliel LP codes?"
Q6.9: "What software is there for Network modeis?*
: "What software is therg for the Traveling Salesman Problem {TSP)?"
: "What software is there for cutting or packing problems?”
: "What software is there for linear programming under uncertainty?"
: "I need to do post-optimal analysis."
: "Do LP codes require & starting vertex?"
.15: "How can | combat cycllno in the Simplex algorithm?*

o Textboo ks
o B ations of LP modeling systems

o Addlgjo lbgoks
o Periodicals

« Q8. "What's available online in this fisid?"

o Online sources of optimization services
o Online sources of optimization software

http://www-unix.mcs.anl.gov/otc/Guide/faq/linear-programming—faq.htm!  03-06-13
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Nontinear Programming FAQ

Nonlinear Programming
Frequently Asked Questions

‘ e Optimization Technology Center of
Northwestern University and Argonne National Laboratory

Posted at http://wew-unix.mcs.ani . gov/otc/Gulde/ fag/noni inear-programming-fag.html
Changes posted to Usenet newsgroup § -research

Date of this version: April , 2003

« Q1. "What is Nonlinear Programming?*

» Q2. "What software Is there for nonlinear optimization?"

» Q3. ° wrote an optimization code. Where are soms test models?”
« Q4. "What references are there in this field?*

« Q5. "What's available gnline in this field?*

« Q6. "Who maintains this FAQ list?"

See also the following pages
pertaining to mathematical programming and optimization modeling:

Spellucci.
« Software for Optimization: A Buyer's Guide by Robert Fourer.

« The NEOS Server for access to optimization solvers through the internet
« Hans Mitteimann's Benchmarks for Optimization Softwars.

... and don't forget the Web search engines! Services such as google, go/infoseek,
lycos, excite, and altavista can be surprisingly helptul in finding pages on particular

problem types or application areas.

Q1. "What is Nonlinear Programming?"

A: A Nonlinear Program (NLP) is a problem that can be put into the form
minimize F(x)

subject to gi{x) =0 for i= , ..., ml where m1 >= 0

http://www-unix.mcs.anl.gov/otc/Guide/faq/nonlinear-programming-fa... 03-06-13
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