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2.1

Developing a Design Case

In this chapter, we will guide you through the steps of creating a design case. We do that
by first describing how to create a simple example process. This example will illustrate
the key initialization stepsinvolved with the creation of any type of flowsheet.
Regardless of which industry you are in, you should read through this example to
become familiar with the basic steps of modeling processes using either SuperPro or
EnviroPro Designer.

In addition to this simple example, three other example processes will be described in
this chapter. These other examples — listed below — are more complex than the first and
they are better representations of what a“real” process modeled with Pro-Designer
would look like.

e Synthetic Pharmaceuticals. This example deals with a synthetic pharmaceutical
process. It is recommended for users in the pharmaceutical and specialty
chemical industries.

e Biotech Processing. This example deals with the production of 3-galactosidase
and it is recommended for usersin the bioprocessing industries.

o \\astewater Treatment. The third additional example deals with an industrial
wastewater treatment plant and it is recommended for users that target water
purification and wastewater treatment applications.

Table 2.1a provides a brief description of other examples that are included with your
copy of SuperPro/EnviroPro Designer.

Table 2.1a: Examples shipped with SuperPro/ EnviroPro Designer
(in addition to those described in this chapter)

Subdirectory | AvailableIn | Description

CHEESE SuperPro This example analyzes a highly integrated dairy
plant that produces cheese, butter, WPC, and
ethanol. It isrecommended for users with interests
in food processing.

MAMMCELL | SuperPro This example analyzes the production of a
therapeutic monoclonal antibody using animal cell
culture. It isrecommended for users with interests
inanimal cell culture and high value
biopharmaceuticals.

INSULIN SuperPro This example analyzes the production of
biosynthetic human insulin (a variation of Eli
Lilly’s process for Humulin). It is recommended for
users with interests in bioprocessing and
biopharmaceuticals.

MISC SuperPro A set of small examples demonstrating special
features of the software. (a) "BKinFerm" focuses on
modeling of Batch Kinetic Fermentation and
demonstrates how to generate composition profiles
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of reactants and products. (b) "BKinRxn" explains
how to model batch kinetic reactions. (c)
"EquilRxn" explains how to use an equilibrium
reaction to estimate extent of precipitation and
crystalization. (d) "BtchDist" explains how to
model batch distillation and generate composition

profiles.
MUNWATER | SuperPro This example focuses on the modeling and retrofit
EnviroPro design of amunicipal wastewater treatment plant.

It addresses issues of nutrient removal and it is
recommended for users with interestsin industrial
and municipal wastewater treatment.

UPWATER SuperPro This example deals with water purification (ultra-
pure water production) and wastewater treatment at
a Semiconductor Manufacturing Facility.
Evaluation of recycling options for minimizing city
water use and wastewater disposal is included.

GE SuperPro This example analyzes an effort to minimize
EnviroPro generation of hazardous sludge and wastewater at a
manufacturing facility of General Electric. Itis
recommended for users with interests in waste
minimization, water recycling, and pollution

control.
INCINRTR SuperPro This example describes a simple process (asingle
EnviroPro unit) for analyzing the combustion of sludgein an

incinerator. It is recommended for users with
interests in incineration and pollution control.
AIRCONTR SuperPro This example analyzes a three-step process for
EnviroPro removing dust particles and acetone (aVOC
molecule) from an air stream. It is recommended for
users with interestsin air pollution control
Processes.

After you have installed SuperPro/EnviroPro on your computer, you can access these
examplesin the EXAMPLES subdirectory. In addition, each example has its own
detailed description file (in MS Word format).

211 Getting Sarted

The first example of this chapter demonstrates the key initialization and analysis steps for
modeling a process with Pro-Designer. The fundamental steps and analysis featuresused in
this exampl e are the same as the steps and features that would be used during the creation of
any other type of flowsheet. Therefore, regardless of which type of process you intend to
model, reading through the following example should provide you with the knowledge
required to model processes on your own. In addition, since this example is a batch process,
it serves as amedium for discussing several scheduling issues. Note: in continuous
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processes, the initialization steps related to scheduling of operations within unit procedures
(described in Section 2.1.5) do not need to be performed.

The steps listed below summarize the process of developing a design case with Pro-Designer.
These steps are explained in much greater detail in the remainder of this chapter.

1

Initialize the flowsheet using the first three items of the Tasks menu: Set M ode of
Operation, Register Components & Mixtures, and if the mode of operation is batch,
Recipe Scheduling I nformation.

Build aflowsheet by selecting the desired procedures from the Unit Procedures
menu. Switch to Connect M ode to draw the streams and connect the process steps.

Add operations, such as Charge, Agitate, Heat, React, etc. to each unit procedure (this
appliesto batch procedures only). Different unit procedures have different operations
available to them. After the desired operations have been added, initialize all operations
and streams.

Complete the analysis of the flowsheet using the remaining items of the Tasks menu:
Solve M & E Balances, Generate Stream Report, supply Revenue, Raw Material and
Waste Stream data, Perform Economic Calculations, Generate Economic
Evaluation Report, etc. Other analyses may be optionally performed. Usethe View
menu to see the results of the analyses.

Sarting Pro-Designer

To begin working on a new flowsheet, simply open Pro-Designer either by selecting it
from your Start Menu or by double-clicking the Designer.exe application file in the Pro-
Designer folder of your hard drive. After the program boots up, the following dialog box
will appear:

! What Would You Like To Do ? . x|

! Start a Mew Flowsheet

) Open *our Last Flowsheet

I C:hzuperprohcazessT utariall. zpf

O Open &nother Flovshest
I C:heuperprohcasesheampleshSpnthPharmatS Phrd_Sa. zpf J

0 will Choose Later...

on_|

Do Mot Show This Dialog Again [

Figure 2.1-a Opening Dialog
Select the option entitled Sart a New Flowsheet.
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Specifying the M ode of Operation for the Entire Plant

After you choose to start a New flowsheet, the new design case dialog (Figure 2.1-a) will
appear. This dialog box allows you to set the primary mode of operation and the annual
operating time for the new flowsheet. Pro-Designer can model process plants that
operate in batch, continuous, or mixed modes. You can also use the Tasks: Set M ode of
Operation... menu item to change the mode of operation at any time. Please note that
Pro-Designer allows you to have continuous unit procedures in a batch flowsheet as well
as batch (cyclical) procedures in a continuous flowsheet. Furthermore, when the
operating mode of the entire plant is set to batch, all stream flows are displayed on a per-
batch basis, as opposed to on a per-hour basis. For plants operating continuously, no
scheduling information is necessary. At this point, please select “Batch” asthe Plant
Operation Maode for the example process, which you will create.

i Plant Operation Mode : Batch vs Continuous E3

Befare wou start & new design case, please specify the operating made
and the annual operating tirme of the process:

Flant Operation Mode
O Batch.
- Scheduling information is reguired.
- Flant batch time is calculated.
- Stream flows are dispayed on a perbatch basis.
- Inherently continuous processing steps can be included as

unit operations in either continuous or semi-continuous mode.

O Continuous
- Scheduling information is NOT reguired.
- Flant batch time is NOT calculated.
- Stream flows are dispayed on a per-hour basis.
- Inherently batch processing steps can be included ;

user must specify process time and turnaround time for such steps.

Annual Operating Time (for all campaigns) (0]’ |

Annual Operating Time | 7920.0 h

Help

Figure 2.1-b: Specifying the operating mode for the entire flowsheet
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2.1.4

Setting the Default Physical Units

Pro-Designer provides a variety of options for units of measure for the entry and display
of data. You may use the Edit: Flowsheet Options: Preferences: Physical Units
Options... menu item to view or modify the default units.

Registering Components and Mixtures

Databanks. Pro-Designer provides for the use of multiple component databases. The
default databank shipped with Pro-Designer, entitled “ Designer,” provides datafor a
number of commonly used compounds. If you use the DIPPR database you may use it
with Pro-Designer. Thereis aso an empty databank entitled “User” than may be used to
store data for user-defined components. Use Databanks: Edit Databank L ocation to
change or add component databanks. See section 3.8 in the manual for details.

Registering Components. All the components that will be used in adesign case must be
specified. Many of these components may be selected from the component library in
Pro- Designer. To register components (in other words, to add them to your design case),
choose the menu command Tasks: Register Components & Mixtures. Pure
Components. Thiswill activate the dialog shown below (Figure 2.1-c).
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Figure 2.1-c: The Component Registration dialog

By default, nitrogen, oxygen, and water are always registered as pure components in new
processes. For this example process, you will need to add heptane to the list of registered
components aswell. To add heptane, you can either scroll down to it in the pure component
database list on the left, or you can begin typing “heptane” in the box above the list and the
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database will automatically scroll to the correct location. Next, use the “ >>Register >>"
button to add heptane to the Registered Components list for this flowsheet. Alternatively,
you may double click on heptane in the database listing and it will be added to your list of
Registered Components.

If a component does not appear in the library, you should use the "New..." button to add it.
For this process, you will need to create three new components. A, B, and C. These
components will represent the reactants and products of a simple reaction. To add
component A to your database, click the “New...” button and fill in the letter “A” for the
Name, CAS Number, etc. (Note—asfar asthe program is concerned, you do not have to
have correct CAS Numbers, Formulas, etc. You just need to have something written in each
of these six fields. The Local name is the one that appears in the reports and all the
input/output dialog windows of the program.) Notice that at the bottom of this dialog box,
you can choose to either initialize the physical properties to zero or copy them from some
other component (see Figure 2.1-d).

i New Component Definition x|
Mame I-"-‘J [Lnique]
CAS Number | A [unique]
Trade Mame |,£'-. [Lnique]
Local Mame I-"-"- [Lrique]
Formula I.-’-‘-.
Compary D I.-’-'-.

Source for Default Property Y alues

Compotent Mame I W ater

Location

O |nDatabase IDESighET () List of Registered Components

| k. I Caricel | Help |

Figure 2.1-d: The New Component Definition dialog

For this example, simply click “OK” to copy the property values for component A from
water.

After you have added component A to your list of registered components, follow the same
steps to add components B and C. When you have completed this, you should edit some of
the properties of these components. To access the basic properties of component A, select its
line by clicking on the corresponding number on the left-most column of the table (e.g.,
number 1 for component A in Figure 2.1-€) and then click on the “Properties...” button. This
brings up another dialog window which allows you to view and edit the physical and
environmental properties of component A as well asits cost data and regulatory information.
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For the purposes of this example, the only physical parameter we will be concerned with is
the molecular weight (MW). For component A, please change the MW to 150 (as shown in
Figure 2.1-f). In addition, please go to the Economics tab, specify a purchase price of
$10/kg, and press “OK”.

Next, please visit the Properties dialog for component B (by clicking on line 2 and then
clicking the “Properties...” button) and enter aMW of 25 and a purchase price of $15/kg.
Finaly, enter aMW of 175 and a selling price of $200/kg for component C. This completes
your initialization of components for our example.
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Figure 2.1-e: Selecting a component to edit its properties

Notes:

1)

2)

3)

4)

If you need to delete a component from the Registered Components listing, click on the
corresponding number on the left-most column of the table (e.g., number 1 for
component A) and then click the “Delete” button.

If you wish to add components which you have edited or created to the User database (so
that you can access these components in future design case files), select the User
database (from the Source Databank drop-down menu), highlight the component by
clicking on the corresponding number on the |eft-most column of the table (e.g., number
1 for A) and then click the “<<Deposit<<” button.

The current version of Pro-Designer does not make use of the normal freezing point of
chemicals components. As aresult, the value of that field can be ignored.

Mixtures are used to facilitate initialization of input streams in cases where certain raw
materials (e.g., buffers) are consumed as mixtures. Mixtures are registered by selecting
Tasks: Register Componentsand Mixtures. Sock Mixtures.
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Pure Component Properties for @ A il

D= Fhysical [Constant] I Phwszical [T-dependent]l Aqueous | Economics | Pollutant Eateguriesl

b ain Properties

Mw [[EE  g/gmol

Enthalpy of Formation [-285830.00 J4gmol
Mormal Boiling Paint IW T
Marmal Freezing Paint IT C

Critic:al Properties

Temperature [37419 iC

Pressure | 221.20 bar
Comprezsibility Factar | 0.2350
Acentric Factor [Dmega]' 03440

Mizcelansous

Henn's Const. #1074 | 0.000000 atr-rn3Agrol
Particle Size | 0.00 TiCran

Default Yolurmetric I:Defficientl 1.00

2k, I Cancel Help |

Figure 2.1-f: Editing the properties of component A

At this point in time, you should probably save your file by choosing File: SaveAs... and
giving your flowsheet a descriptive name. In general, it isagood ideato save your work
often in order to avoid having to redo work in the event of a program crash. If the program
does crash, there is sometimes a possibility that you will not be able to reopen the file you
were most recently working on. In that case, you should try opening the backup versions of
your file. Anytime you save a newer version of your file, Pro-Designer changes the previous
versionto a“.sp~" file (as opposed to anormal “.spf” file.) If thereisaready a“.sp~"
backup file, Pro-Designer changesthis older fileto a“.s~~" file as a second backup. To
open a backup file, simply go to the directory where you saved your original file and look for
the “.sp~" backup (select “All Files’ for filetypes). Then double-click thisfileto openit.
Thefile extensions for EnviroPro are { .epf, .ep~, .e~~}, respectively.

Tip: When working with larger design cases, include the date or some other version indicator
in the case name.
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2.1.5 Building the Flowsheet

Thefirst step in building a flowsheet isto add processing steps (unit procedures) to the
flowsheet. A unit procedure is defined as a series of operations that take place within a
piece of equipment. The types of operations available depend on which type of unit
procedure you are using. Please note that continuous unit procedures are equivalent to
unit operations.

To Add a Unit Procedure...

First select the desired unit procedure from the Unit Procedures menu. For our
example, please select Unit Procedures/Vessel Procedure/in a Reactor. Notice that
after you select this unit procedure, the mouse cursor changes to:

kadd

step
indicating that your next mouse click on the flowsheet will lay down the reactor unit

procedure in that location. Please click near the left side of the flowsheet to place the
Vessel Procedure icon.

After you have added the Vessel Procedure to the flowsheet, please add a Plate and
Frame filtration procedure by selecting Unit Procedureg/Filtration/Plate and Frame
Filtration, and then clicking somewhere to the right of the Vessel Procedureicon. Your
flowsheet should now look something like this:
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Figure 2.1-g: The example flowsheet with the Vessel Procedure and Plate and Frame
Filtration icons added

Note: If you decide to abort the addition of the new unit procedure, you can simply hit
the ESC key. If you intend to introduce the same unit procedure several times, you can
use the following shortcut: after you have laid down the first unit procedure icon, hold
down the Ctrl and Shift keys and click where you want the next copy of the process step
to be located.
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Note: If you wish to modify the default equipment prefixes, e.g. “V” for vessel and
“PFF” for plate and frame filtration, use the File: Application Settings... menu item and
select the prefixes tab.

If You Wish to Move a Unit Procedure...

1. Select the desired unit procedure icon by clicking on it with the mouse. If more than
one icon needs to be moved at the same time, you can either group-select them by
dragging an enclosing rectangle around them, or you can edit the selected icon set by
adding or removing icons one by one. To add an icon to the selection set, click on it
while holding down the Ctrl key. Notethat if the icon was already in the selection set,
it will be de-selected if you Ctrl+Click oniit.

2. Drag the selected icon to the new location. If the selection set has more than one
icon, drag any member of the selection set and all icons will move simultaneously. If
you want to move the selected set of icons one pixel at atime, you can use the arrow

keys.

NOTE: When you move a unit procedure icon, which has streams, attached to it, all
streams will move with it. If the destination and source icons of a stream move, then
the stream will keep its structure intact and move with them. If one of the stream’s
ends remains anchored while the other end is being moved, then the stream will adjust
its first and/or last elbow to accommodate the change of location. You can aso
manually edit the location of the stream’s elbows (see Chapter 4). Adding and moving
stream lines will also be explained later in this example.

If You Wish to Delete a Unit Procedure...

1. Select the unit procedure icon you wish to delete by clicking on it with the mouse. If
desired, you can delete multiple procedures at once (see “To Move a Process Step”
above to learn how to select multiple unit procedures).

2. Hit the Delete key or select the Edit : Clear option from the main menu. The selected
unit procedure(s) will be erased.

NOTE: When you delete a unit procedure, all streams attached to it will be deleted with
it.

If You Wish to Cut/Copy and Paste a Unit Procedure...

Pro-Designer allows you to place a selection of unit procedures and streams into the
clipboard by cutting or copying them and later pasting them into another area of the same
flowsheet. In addition, you can use the Cut/Copy and Paste features of the program to
copy whole sections from one flowsheet to another. To do this, select the desired unit
procedure icon(s), and then select Edit: Cut (or Ctrl+X) to cut theicons or Edit: Copy
(or Ctrl+C) to copy theicons. Next, paste the unit procedures onto another area of the
flowsheet, or onto different flowsheet by selecting Edit: Paste (or Ctrl+V).

NOTES:

a. If you want to paste the copied icons into another application (e.g., aword processing
application), please consult Chapter 14.

b. You cannot copy and paste streams alone. Streams are placed onto the clipboard only
if their source and destination unit procedures (when they exist) are also placed on the
clipboard.
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¢. When pasting unit procedures from the clipboard into a flowsheet, you should be
aware that certain features of the original unit procedures are not transferred into the
newly created copy:

1. Stream connections to any unit procedures not included in the pasted set.

2. If the start time of the first operation of the pasted unit procedure was defined on
arelative basis (e.g., with respect to the start or end of another operation in
some other procedure), then the scheduling of the pasted procedureis reset to
remove the coupling.

3. If the original unit procedure was sharing equipment with another procedure, the
pasted procedure is reset to be executed in its own equipment.

d. Pasting streams and certain processing steps with component-related specifications
from one flowsheet to another is not possible unless all components of the source
flowsheet exist in the destination flowsheet aswell. If that is not the case, the
program will automatically expand the set of registered componentsin the
destination flowsheet to include the missing ones.

Adding Streamsto the Flowsheet:

After you have placed unit procedures on your flowsheet, you may add stream connections
totheicons. There are three types of streams: feed streams, intermediate streams, and
product (output) streams. Feed streams do not have a source unit procedure and in batch
processing they are mainly utilized by charge operations. Intermediate streams connect
two unit procedures, and they are used to transfer material from the source to the
destination unit procedure. Product streams do not have a destination unit procedure. All
streams are automatically identified with a stream tag.

In order to add streams to the flowsheet, you much first enter Connect M ode by clicking on
H
the Connect M ode button of the main toolbar. When you do this, the cursor icon

dd
changes to the following: stieam to indicate that you are in Connect Mode. Then add the feed,
intermediate, and product streams as follows:

1. Adding a Feed Stream: Click any unoccupied area on the open screen to initiate drawing of
the stream and then click on the appropriate inlet port of the destination unit procedure to
terminate the stream. Notice that as the cursor moves over the inlet and outlet ports, it changes
toaPort Cursor:

N,

‘_
You must make surethe cursor lookslike thisbefore you click to attach the stream to a
port. Otherwise the computer will simply add a stream elbow at this point and will not
actually terminate the stream. If you accidentally miss the stream port, you can simply hit ESC

to cancel the stream-drawing process. Then you can restart the stream-drawing process by
clicking the Connect Mode button again.

Between initiation and termination of the feed stream, the mouse may (optionally) be clicked at
intermediate points to create right angle bends; this permits customization of the stream route
and flexibility in flowsheet design. Pro-Designer automatically draws the feed stream symbol
and |abels the stream.
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2. Adding an Intermediate Stream: Click on the appropriate outlet port of the source unit
procedure and then on the appropriate inlet port of the destination unit procedure to terminate
the stream. Be sureto wait until the Port Cursor icon (explained above) is displayed before
attempting to begin or terminate a stream on a port. As before, you can create specific routing
by clicking the mouse wherever aright angle bend is desired.

3. Adding a Product Stream: Click on the appropriate outlet port of the source unit procedure
and then double-click somewhere to terminate the stream line. When you double-click, the
cursor should be close to the last drawn horizontal or vertical line segment. Note that Pro-
Designer automatically draws the product stream symbol.

At this point, please add feed, intermediate, and product streams to your example process.
Your flowsheet should now look something like this:
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Figure 2.1-h: The example flowsheet with streams added

Notes:

1) Hitting ESC while drawing a stream terminates the stream drawing process. To get back
into stream mode after hitting ESC, simply hit the Connect Mode button again.

2) Inmany unit procedures, there are dedicated ports, such as feed, vent, cake removal or
filtrate removal. To see which ports are dedicated to each function, you can look up the
desired unit procedure in the Help menu. As a shortcut to the Help for any procedure, you
can click the Help icon (the one with a question mark and an arrow on it) and then click on
the unit procedure icon you are interested in. Alternatively, you can click on the unit
procedure icon to highlight it, and then hit the F1 key. A portion of the Help for the Plate
and Frame Filtration unit procedure appears below. Notice that the dedicated ports are
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labeled next to thefilter icon. The Help facility also contains a general description of each
procedure, links to its operation models, and much more.

> Pro-Designer Senes Online Help
File Edit Bookmark Options: Help

Index Find Help Topics Back Frrirt 44 ¥
Plate & Frame Filtration Procedure ﬂ
icon General Description
Wash Tent This qnit pru:u:edurg can simulate ﬁltr_atinn and cake
Streans washing for remaving suspended solids from a slurry.
Cake Plate & frame filters are widely used in the chemical,
Feed Liguid food, and environmental industries.
Cutlet
Equipment:

Plate & Frame Filter

Available Operations:
Filter

Wash Cake

Transfer Out
Clean-in-Flace (CIF)
Steam-in-Place (SIF)
Hold

<] | AW

Figure 2.1-i: A Portion of the Help file for Plate and Frame Filtration

When you are finished drawing streams, you should exit Connect Mode and return to Select
Mode. Thisisdone by hitting ESC or clicking on the toolbar button that looks like:

Simulation Data. .. When Pro-Designer isin Select Mode and the mouse is over a
Copy Cantents stream line, the arrow will change to indicate the availability of
a stream context menu (see Figure 2.1-j), which may be
activated by clicking the right mouse button. Through this menu

Edit Tag Mame, ..

Edit Elbowes you can view and edit (for input streams only) the composition,
Order... ¢ flowrate, and other stream properties. You may also change the
Style... 5 Tag Name (1abel), adjust the Elbows, and edit the Style (e.g.,

label and line color, line thickness, etc.) of any stream. Note that
w Incl, In Stream Report double-clicking on a stream line with the left mouse button is
equivalent to selecting the Simulation Data... menu item.

Figure 2.1-j: The stream
context menu
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At this point, please right-click on the Vessel Procedure input stream “S-101" and choose Edit
Tag Name. Change the name of this stream to “Heptane” and click OK. Then right-click the
Heptane stream line, select Style: Edit Style..., and Click on the Name Tag tab (see below).

Stream Line  Mame Tag (Text) | Mame Tag (Frame) |

B Show Lot |
Eammg Fanls...
Ted Background
! Transparara
2 Opague Colors... I | |

e e |

Figure 2.1-k: The Stream Style dialog

Now click the Fonts... button to change the style, size and color of this stream tag name. After
clicking OK, your flowsheet should ook something like this:
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Figure 2.1-I: The example flowsheet after the name and style for one of the input streams have
been changed.
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2.1.6

Please see Chapter 4 or the on-line Help facility for more information on stream-drawing.

Initializing Unit Procedures

Adding Operationsto the Unit Procedures:
Thefirst step toward initialization of unit proceduresisto add relevant operations to each
unit procedure. This can be done by either 1) double-clicking a unit procedure icon or 2)

right clicking on the unit procedure icon and selecting Add: Remove Operations. Either
action will bring up the following dialog box:

Operation Sequence for Procedure: P-1 i

1
Ayeailable Dperations

I.ﬂ.iitate

{|CIP
{] Ciol

Cryztallize

Driztill

Ewvacuate
{{Extract / Phase Split
[3as Sweep

{|Heat

{{Hald

{ | Preszurize

|| Purge / [nert

React [Eqguilibrium]

|| Feact [Kinetic)

{| React [Stoichionmetric)
[{SIP

{{ Transfer In

{| Transfer Qut
{|*/aporize / Concentrate
[ ent

3 Insert>>l
rroAdd x> 1

[ peration Sequence

| |CHARGE-1 [Charge)
| |CHARGE-Z [Charge)
| |EHARGE -3 [Chargs

TFL-i'-.NSFE R-OUT-1 [Transfer Out)

' Delete !
] 1 Cancel 1

Rename... l

Help i

Figure 2.1-m: Adding Operations to the Vessel Procedure in the example process

At this point, please add a charge operation to the Operation Sequence in your Vessel
Procedure by double-clicking the word “Charge” in the list on the left. Alternatively, you
can add the operation by highlighting the word “Charge” and clicking the Add or I nsert
buttons. The Add button will add the new operation at the end of the list, while the I nsert
button will add the new operation before the currently selected operation.

Now add two more Charge operations, a React (Stoichiometric) operation, and a Transfer
Out operation (so that your dialog box looks like Figure 2.1-m above). Then click OK to

return to the flowshest.

Note: If you make a mistake while adding operations, you can del ete the operation by
selecting it in the Operation Sequence list and hitting the Delete button. If you add an
operation in the wrong order, you can click and drag it to adifferent position in the
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Operation Sequence list. To change the name of an operation, select it and hit the Rename
button.

After you have added operations to the Vessel Procedure, double-click the Plate and Frame
filter icon to add operationsto it. Notice that by default, this unit procedure has an
operation (Filter-1) assigned to it. Use the same method as before to add a Cake Wash
operation and a Transfer Out operation to this unit procedure (in addition to the Filtration
operation which is already present).

Note: Double clicking on a continuous procedure (e.g., a Centrifugal Pump) that is present
in a continuous flowsheet brings up the dialog window of its essential operation instead of
the dialog of Figure 2.1-m. Essentially, a unit procedure in a continuous flowsheet behaves
like a unit operation.

Initializing the Operations:

Reactor Vessal

The next step isto initialize each of the operations that have been added to the unit
procedures. To do this, please right-click the mouse over a unit procedure icon to bring up
its context menu (see Figure 2.1m).

]
[ oped

5102 I+ Operation Data CHARGE-1 [Charge]
Add # Remove Operations. .. CHARGE-Z [Charge]
' Frocedure D ata... CHARGE-3 [Charge]
51032 i REACT-1 [Batch Stoich. Reacti
H E Equipment Data... [Batch Stoich. Reaction)

. TRAMSFER-OUT-1 [Tranzfer Out]
E quipment Contents...

Vessel Py Dperation Sequence. .

Set Breakpoints...

Edit Labels...

Dizconnect

Order... k
Style. .. »

Figure 2.1-n: The context menu for the vessel procedure in this example process
The meaning of each portion of the context menu in Figure 2.1-n is explained below:

e The“Operation Data” menu allows the user to access and modify the
simulation parameters for each operation in this unit procedure. (Note —the
Operation Data menu will not appear until at least one operation has been added.
Furthermore, if only one operation is present in the unit procedure, no drop-
down list will appear to the right of the context menu. In this case, simply click
on the Operation Data line of the context menu to bring up the parameters for the
operation).
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e The“Add/Remove Operations...” menu allows the user to add new operations
to the procedure, delete existing ones, rename them, and rearrange their order.
Thisisthe same dialog that is brought up when you double-click on a batch unit
procedure.

e The“Procedure Data” menu item allows the user to view and set some
scheduling and throughput analysis data. You may also specify staggered pieces
of equipment associated with this step and change the mode of operation for the
entire procedure from batch to continuous and vice versa (if the procedure can
operate in both modes).

e Through “Equipment Data...” the user can select the equipment sizing mode
(Design or Rating) and specify size and purchase cost parameters.

e The"“Set Break Points...” alows the user to place a stop in the sequential
solution of material and energy balances. Thisis normally used for
troubleshooting in large or complicated flowsheets.

e Through “Edit Labels...” the user can change the name of the procedure (e.g.,
P-1 in the above procedure), the name of the equipment (V-101 in the above
case), and the description of the procedure (“Vessel Procedure” in the above
case).

e The“Disconnect” menu item deletes all the streams connected to the unit
procedure.

e The"“Flip (reverse flow direction)” option from the context menu changes the
flow direction, which is left-to-right by default, to right-to-left. Note that the
Flip icon option is only available when the unit procedure is not connected to
other steps via material streams. You can also flip the icon by selecting it and
clicking on the Flip Horizontal button of the Visual Object Toolbar (see chapter
12).

e The“Order...” option of the context menu allows you to force the unit
procedure icon to appear behind or in front of other icons, text, etc.

e The“Syle...” option allows you to edit such things as the icon color, the name
tag color and font, etc.

At this point, please select Operation Data: Charge-1 from the vessel procedure context
menu. Thiswill bring up the following dia og:
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CHARGE-1 [Charge) |

Oper.Cond's | Emissiu:unsl Labar, efc. I Schedulingl

Charge Llsingllnput #1 : [Heptane] Iél Edit Amaunt... I

Cruration
Setup Time | 5.00 [roin [ 3]
O Set / Calculate
C) Set Time |0.00 [rin 3]

) Set Mass Flowrate 10.000 ka/min
Q SetWolumetric Flowrate |'IEIEI.EIEIEI L/mirn

1 Same Az
e L]
D faribey LATEERLLANNY H AN STIO e
Procedure I [none] Ifl
Operation I [none]

ST ok, >>| ok | Cancsl Help

Figure 2.1-o0: The Operating Conditions dialog for the first Charge operation in the Vessel
Procedure.

The Operating Conditions dialog allows you to specify the operating conditions, emissions
data, labor, scheduling, etc. for each operation. Different tabs of input fields are available
for different operations. To initialize the Operating Conditions tab for the first charge
operation in this example, you will first need to specify where the material being charged is
coming from. To do this, use the drop-down menu at the top of the Operation Data dialog
box to select the stream which you renamed “Heptane” earlier in this chapter. Then click
the Edit Amount button to access the stream data for this stream (see Figure 2.1-p). To
add heptane to the stream, double-click its name in the Registered Ingredients list on the
left side of the dialog box. Then specify the amount to be 800 kg/batch by clicking in the
“Flowrate (kg/batch)” box and typing 800 directly in the grid. If you wish to specify the
volume of added heptane, select “Mass Composition” (instead of the default Ingredient
Flows) and then select “ Set Vol. Flow” under Total Flowrates and specify the volume of
the added solvent.
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Figure 2.1-p: The Heptane stream dialog.

Notes:

1)

You can charge multiple components in the same stream if you wish. To do this,
simply add additional component names from the Registered Ingredients (Pure
Components or Stock Mixtures) list and specify their amounts. The computer will
automatically calculate the mass % and concentration (g/L or mole/L) of each
ingredient, the stream’s density (if it is not set by the user), the volumetric flowrate
and the activity of the stream. Alternatively, you can click on “Mass Composition”
and specify the total mass or volume flow and the mass % of each component. You
may also select units for entry and display.

2) Asan dternative to going through the Operation Data dialogs to edit stream

properties, you can initialize and edit input streams directly from the flowsheet itself.

To do this, open the stream context menu by clicking the right mouse button over a
stream line and selecting Simulation Data. Thiswill bring up the same dialog box
as the one shown in Figure 2.1-p. You could also double-click the left mouse button
on astream line to generate this dialog box. Note that only the feed streams to the
flowsheet need to be specified. The flowrates and compositions of intermediate and
output streams are cal culated by the program. However, the user can specify the
density and volumetric contribution coefficients of such streams (see Chapter 4 for
more detailed information on streams and their properties).




2-20

Developing a Design Case

3) Some operations (e.g., cake wash, column elution, etc.) that utilize input streams
automatically calculate the amount of material that they require. In such cases the
user only needs to specify the composition of an input stream; its total flow can have
any positive value.

4) In addition to pure components, mixtures can be fed (or “charged”) into a process
step using an input stream.

5) For biotech processes, the extracellular percentage (Extra-Cell %) of an ingredient
representsits fraction that isin the bulk solution (as opposed to inside the cell). For
more information on this topic, please refer to the B—Galactosidase examplein
Section 2.3.

6) If the operating mode of a flowsheet is batch, all flowrates are reported on a per
batch basis (or per cycle of source or destination process step). If the plantissetin
continuous mode, then all flowrates are reported on a per hour basis. The choice for
mass units can be made from each stream’s dialog. This choice overwrites the
default choice made by the specification at the Edit: Flowsheet Options:
Preferences. Sream Report Options... dialog.

7) The Env.Propertiestab of a stream dialog displays the concentrations and daily
throughputs of the environmental and agueous properties of the stream (TOC,
CaCO03, TP, TKN, COD, ThOD, BOD5, BODu, €etc.) All values are for display only
and cannot be edited by the user through this dialog box. However, the
environmental properties of the pure components (that contribute to the above stream
properties) can be edited through the Tasks: Register Components & Mixtures:
Pure Components dialog.

For more information on stream properties, please refer to Chapter 4.

After you have specified the charge amount of Heptane, click OK to return to the
Operation Data dialog for Charge-1 (Figure 2.1-0). Notice that there are several ways
that the duration of this operation can be specified. For this example, change the setup
time of your charge to 5 minutes and set the Volumetric Flowrateto 100 L/min. Please
also visit the Emissions, Labor etc, and Scheduling tabs to see what they contain. A
brief description of each of these tabs follows:

Emissionstab: here the user can specify which volatile organic compounds (VOCs) will
be emitted, whether a sweep gas will be used (for emissions associated with reaction and
crystallization operations), and what temperature the vent condenser should be set at.
Pro-Designer is equipped with VOC emission models that are accepted by EPA. Please
see Chapter 10 or consult the on-line Help Facility for more info on emission calculation
models. For the heptane charge in your example process, please click in the Perform
Emission Calculations box. Then Click in the Emitted box next to the Heptane
component. After the simulation, please remember to visit the dialog of stream S-104 and
check the amount of emitted Heptane. For particulate and other components for which
emission models are not available, the user can specify the Emission %.

Labor tab: herethe user can specify labor requirements and auxiliary utilities.

Scheduling tab: The right-most tab of a batch unit procedure is always the Scheduling
tab. Through thistab, the user specifies the start time of an operation relative to the start
or end of other operations in the same or different procedures. For unit proceduresin
continuous mode, no scheduling information is required.
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CHARGE-1 (Charge) |
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Figure 2.1-g: The Emissions tab for the heptane charge.

Note: Depending on the complexity of an operation, additional tabs may be employed to
display other pertinent variables.

For this operation, leave all the default values for the Labor etc and Scheduling tabs.

Next, click the OK >> button on the Operation Data dialog to move to the second charge
operation in this unit procedure. For this operation, use stream S-102 to add 50 kg of
material A to the reactor. Also specify a5 minute setup time and a 20 kg/min charge rate.
Leave the default values for the other tabs.

Then click the OK >> button to move to the final charge operation. Initialize thisthe same
way as before, but use stream S-103 to add 40 kg of material B. Also change the setup time
to 5 minutes and the charge rate to 20 kg/min.

Once again, click the OK >> button to move to the next operation (the Batch Stoichiometric
Reaction). Notice that the Operating Conditions tab is different for this operation than it was
for the Charges, and that several other tabs (Volumes, and Reactions) are present in the
Operation Data dialog (more detailed information on reaction operations can be found in the
second example that deals with a Synthetic Pharmaceutical process).

Starting with the Operating Conditions tab, change the Final Temp to 50 C, the Heat Transfer
Agent to Steam, and the Process Time to 6 hours. Leave all the other default values on this
tab asthey are.
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Next, referring to the Volumes tab, notice that you can specify a maximum and minimum
working to vessel volume ratio. Change the Max Allowable working/vessel volume to 80%.
Then move to the Reactions tab (see Figure 2.1-r).

REALCT-1 [Halkch Stoich. Feachion)

Oier Cond's | Velumes Feactions | Emmsions | Labor ete. | Scheduling |

Reacion Dals Hame |I'-'un-:l:inn.i1 Seqho [T Readion Sequance
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L= = B AT
Based on 3 Lim#fing Comp
C Rel Comp |:'um::l
" Caboulale o Achiews

L
W gilol | rane) D

FeEacion Soithiomain:

Componesy Sisich Coen. |
1.00

B -1.00
[ 1.0
Heptang .00
Miragan 0.0d =
Sinicheam. Cosliciant: O Mess O koles
Paachon Hest
Enthaipy [0 el add. | e |
Fef Camp. |_|'|'.|||=:| ﬂ
Bt Tamp [0 L H Fizname.. | |
« ok | ok » | | ok | canca | Help

Figure 2.1-r: The Reactions tab.

In this tab, you will need to specify the parameters describing a reaction in which 1
molecule of reagent (A) combines with 1 molecule of reagent (B) to form each molecule of
product (C):

A+B>C

To enter this, select the molar stoichiometric coefficients option and enter -1, -1, and 1,
respectively, for A, B, and C. For more information on specifying reaction coefficients,
please see Chapter 2.2. In addition to specifying the stoichiometric coefficients, you will
need to specify the extent of reaction. For your example, set the Extent to 95%, as was
donein Figure 2.1-r. Next, click the OK >> button to move to the Transfer Out operation
(leave @l the default values for the Emissions, L abor etc, and Scheduling tabs.)

In the Transfer Out dialog (Figure 2.1-s), use the drop-down menus at the top of the screen
to specify which stream line will be used for the transfer operation, and what the
destination unit procedure will be (see below). In addition, in order to accurately capture
the time required for this operation, set the duration to be the same as the filtration duration
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in P-2 (see below). Thiswill ensure that the reactor will still be considered “ utilized”
during the filtration, since the reactor will not be completely emptied until the filtrationis
complete. You can leave the default values for the other tabsin this dialog.

TRAMNSFER-OUT-1 [Tranzfer Qut] |

Oper.Cond's I Emissinnsl Labor, etc. I Schedulingl
Transfer Ta I P-2 |é|

(WETtaRE Cutput #3 : [5-107)

ArmaoLink
© Set Percent |1|:||:|_|:||:| % of veszzel contentz

) Set Mass ||:|_E||:|I:| kg [zcaleable]
C) Set¥olume  [0.000 L [scaleable]

Druration

Setup Time [0.00 | min |ﬂ
! Set / Calculate

Lot Than [2a000 [min [¥]
oo Fhnamat I 10,000 kg/min
zaez [10.000 Lmir

O Same Az

T &nother Dperation I [hone] Iﬂ

if this Procedure &0 00 l=
Q' Anather Operation in Another Procedure

Frocedure I F-2 Iél
Operation | FILTER-1

« ok | o o | ok | cancel |

Figure 2.1-s: The Transfer Out operation dialog.

Kinetic Reactions (Optional)

Pro-Designer allows you to specify kinetic reaction parameters and to track the time profile
of the reactant and product concentrations. The follow comments describe this process. You
may wish to skip this portion and return to it after having completed the remainder of this
section.

To try out the kinetic reactions feature and select the reactor vessel and add a kinetic
reaction operation before the existing reaction operation. Next, edit the operation for the
new reaction operation (right-click Operation Data). The reaction tab on operation dialog
allowsyou to fill in the stoichiometry but not the extent of reaction. Instead, thereisa
Kinetic Data... button that brings up the following dialog.
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o5
s
Rate _ k IL(C:)
. 3_ —
g e R S
Rate Hef. Lomp. _ Reaction Order
Inhibition T erms Component I Exponent ﬂ
k1 [1.0000000000 krnal/m3 A, 1.000
k.2 | 1.0000000000 E 1.000
Species [m] I[nu:une] Iél C 0.000
Species [n] I ihone) Iél Heptane 0.000 ll
Rate constant (k] specification Start Criteria... |
O User 5pecified | 0.000500 End Criteria... |
{Z0 Caloulated from drheriuz Eq. [k = &%exp-EART])
Frequency Factor (4] [0 |
Cancel
Activation Energy (E] | 0.00 kAol
Help |

Figure 2.1-t Kinetics dialog of a kinetic reaction operation.

This dialog allows you to enter the kinetic data. In this case you may enter the parameters
for thereaction, A + B=>» C. Leave theinhibition terms at their default values and do not
specify any inhibition species. Pro-Designer alows for the entry of temperature-dependent
rates, but in this case, you should enter a fixed rate constant of 0.0005. Set the exponents
for al the speciesto appear in the rate expression and select OK.

The Profiles tab of abatch kinetic reaction operation that enables the user to specify the
variables whose values will be recorded as a function of time.

After solving the material and energy balances click V-101 and select Dynamic Data
Recor ds =» {operation name} =» {view data or save datain ASCII or Excel format} .
Please note that the “ Dynamic Data Records’ menu item is present only in procedures that
include operations that can generate profiles. Future versions of Pro-Designer will include
their own plotting capability and there will be no need to export the data to Excel.
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REACT-1 [Batch Kinetic Reaction]

DpEf.EDnd'SI R-’u:ulumesl Heactinnsl Emizzions Frofiles I Labar, etc. I Schedulingl

Nurmber of paints [

Itz

Stored Wariables
[T Temperature [T Estemal Duty

w-i aniable

Timelh

Component I Store Conc.? I
A X
B X
C x
Mitrogen -
Dpaen -
W ater -

phariables

Cancentratian I ral/L

Estermal Dty I kcalth

Temperature I deg C

] [+] €]

Columnar Reporting Farmat
Colurnn Yfidth | 12 |zpaces

Mumber of Decimalz | 4
Space Between Columns |3 Fpaces

Labelz

w-f anable | Time

Concentration | Concentration

External ity I Dty

T emperature | Temperature

]

0k ok > | 0k | cancal |

Figure 2.1-u The Profiles tab of a kinetic reaction operation.
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Figure 2.1-v: Generation of Profile data for a batch kinetic reaction.

Reaction Profile

0 0.5 1 1.5

Hours

Figure 2.1-w: Reaction Profiles (from Excel)
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Plate and Frame Filter

Next, you will need to initialize the operations in the Plate and Frame Filtration unit
procedure. To do this, right-click on the filtration procedure and choose Oper ation Data:
Filter-1. For this example, assume that components A and B are completely solublein
Heptane, and component C isvirtually insoluble. Therefore, in the Particulate Component
Removal section of this dialog box, please specify that 95% of your product C will remain
on your filter, but the other components will not be preferentially retained (everything else
has 0% removed). Also notice that you can specify a Cake Dryness based on LOD (loss on
drying) or Cake Porosity. Please change the LOD for your filtration to 35%. Thisvalue
will cause a portion of the Heptane (and any soluble components) to be held in your wet
cake. By specifying aLOD of 35%, you are telling the program that only 65% of wet cake
isthe insoluble product C.

Next, please visit the Scheduling tab of the filtration operation. Thistab is common to
operations. By default, the first operation in any batch unit procedure is scheduled to start
relative to the beginning of the batch. In order to accurately schedule your filtration, you
will need to change the Start Time to be relative to the start of the Transfer Out operation
in procedure P-1 (see Figure 2.1-y).

FILTER-1 [Filtration]) i
Oper.Cond's i Labar, ete. ; Scheduling;
Farticulate Component Bemoal Charation
Comporiett # Bemaved :‘i! Setup Time | 0.00 [min 4]
0.000 —
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[
C 35.000 O Set 1 4.000 [h Lﬂ
Heptane 0.000 | Y Tt T
Nirogen 0.000 | Filtrate: Flux i 200000 Lémz-h
Owpgen 0.000
W ater nooo =
Maw. Cake Thickness ; 15.00 (el
Cake Diyness Cake Thickness ; 0.00 Il
O LoD O :
' Cake Porosity [0.40 Wl i Sl
l}
i O Set Specific Power il:l_l]l:l kM
Filtrate Part / [
S team ;Elutput #3:5-107] Lixj | ) Set Power il:l_l]l:l R

oo ook s | ok | cancel | Help j

Figure 2.1-x: The Filtration operation dialog.
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Next, click OK >> to move to the Cake Wash operation (see Figure 2.1-z). Here you will
need to specify which stream will provide the wash solvent and which one will remove the

waste (S-109 and S-108 in this case). In addition, you will need to specify what solvent is

used for the wash. To do this, press the Edit Composition button and select Heptane. You

will also need to enter a value for the amount of Heptane used (although the program will

override this value later during simulation). Then click OK to return to the Cake Wash
dialog. Notice that from this dialog you can specify the volume of wash to use based on
the cake volume or a set value. Please keep the wash amount as 1 L/L of cake, use awash
time of 30 minutes, and change the wash type to slurry from displacement. A “slurry”
wash will essentially dilute the soluble components trapped in the cake and remove most of
them in the wash stream, whereas a * displacement” wash will remove the soluble

components from the cake in a plug-flow fashion.

Finally, click the OK >> button to initialize the Transfer Out operation in this unit
procedure (Figure 2.1-aa). In this operation, you will need to specify that you are going to
transfer out the cake using a specific stream (S-107 is the only one available in this case)
and the transfer will be done at a certain rate (10 kg/min in this case). Then Press OK.
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Figure 2.1-y: The Scheduling tab of the filtration operation.
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Figure 2.1-z: The Cake Wash dialog.
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Figure 2.1-aa: The Transfer Out dialog.

You have now finished initializing the operations and streams for this example flowsheet. Use
the File: Save All menu item to save your work.

2.1.7 Simulating the Process and Viewing the Simulation Results

At this point, you can use the Tasks: Solve M&E Balances option from the main menu to
perform the simulation. Thiswill cause the program to perform the mass and energy
balances for the entire flowsheet, estimate the sizes of all pieces of equipment in Design
Mode, and model the scheduling of each piece of equipment. As a short-cut for performing
simulations, you may hit Ctrl+3 or simply click on the following toolbar button:

The simulation results can be viewed in the following ways:
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1. Thecalculated output variables for each operation can be viewed by revisiting the
corresponding Oper ation Data dialog windows (right-click on the desired Unit
Procedure icon, then choose the operation you are interested in). For instance, you
can see how long each of the Charge operations takes (recall that their durations
were based on a given mass to be charged and aflowrate).

2. The calculated flowrates and compositions of intermediate and output streams can be
viewed by revisiting the Simulation Data dialog windows of each stream (double-
click on any stream line to see its Simulation Data dialog).

3. The contents of a piece of equipment as afunction of time can be viewed by right
clicking on a unit procedure and selecting Equipment Contents or Oper ation

Sequence.

4. A report containing information on raw material requirements, stream compositions
and flow rates, aswell as an overall material balance, can be generated by selecting
the Tasks: Generate Stream Report (SR)... option from the main menu. The
resulting report can be viewed by selecting the View: Stream Report option of the
main menu. Thisreport has tables that include an overview of the process, alisting
of the raw material requirements, alisting of the compositions of each stream, and an
overall component balance. Please generate and view the Stream Report now. To
see more comprehensive stream reports, please refer to the examplesin Chapters 2.2,
2.3, or 2.4. If you wish to customize the stream report, use the menu item Edit:
Flowsheet Options: Preferences: Siream Report Options. In order to access this
dialog, be sure that the flowsheet window is not maximized and that no equipment is
selected.

5. To seethe calculated equipment sizes, right-click on a unit procedure icon and
choose the Equipment Data... option. Through thistab, you can provide
information for equipment sizing, selection, and purchase cost estimation (the cost
estimation features will be explained in greater detail later in this chapter). All unit
procedures have two options for equipment sizing: Design and Rating. By defaullt,
all equipment startsin Design M ode. In this mode, Pro-Designer will determine the
required equipment sizes based on operating conditions and performance
requirements. Usually, there are physical limitations on the available size of
processing equipment. For example, a Plate & Frame filter may not be available with
avolume greater than 80 m?.

When you are in Design M ode, you must specify the maximum available size for the
equipment involved. If the cal culated equipment size exceeds the maximum
allowable size, Pro-Designer will employ multiple pieces of equipment (sized
equally) with sizes that do not violate the maximum available size. For your
example flowsheet, afilter size of roughly 1.46 m? should have been cal culated.

This number was calculated from the volume of material that is processed per cycle,
thefiltrate flux, and the filtration time.

If you change the equipment sizing method to Rating M ode, you can specify the size
and number of units. Pro-Designer will then take this information into account in the
simulation calculations (equipment size and number of units may affect the material
and energy balances, the process time, etc.). Switching to Rating Mode may also
affect the interface of some operations of that procedure. To experience this, please
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change the size of the filter to 2 m? and revisit the dialog of the filtration operation
(Figure 2.1-cc). Inthis case, you need to specify either the filtration time or the
average filtration flux (in Design Mode, you specify both). Please set the filtrate flux
to 150 L/m?hr and redo the calculations. Thiswill calculate a new filtration time. In
general, most batch operations have the capability of calculating their cycle time
when the equipment size is specified (Rating Mode).

PFF-101 [Plate & Frame Filter] |

Equiprnent | Purchaze I:::ustl .ﬁ.diustmentsl Schedulingl Thru:uughputl Enmmentsl ﬁ.llu:u:atiu:-nl

Selection D'escription
[ PFF-101 |é| Marne | PFF-1071
O Sy N Type I Flate & Frame Filter
Mame I Mumber of Urits [T
Size
©Q Calculated (Design Mode) Pl iz I 2.0000 me
' Set by User [Rating Mode] bl aw. Filker Area W me

k. I Cancel Help |

Figure 2.1-bb: The Equipment Data tab of the Plate & Frame Filter.

Through the equipment tab, you can also select the specific piece of equipment that is
going to carry out the processing step. By default it is assumed that each unit procedure
iscarried out in its own (exclusive) equipment. However, two (or more) different
procedures can share equipment if they are in batch operating mode and the entire
flowsheet is also in batch mode. For more information on equipment sharing, please see
Chapter 5 and the two detailed examples that follow or consult on-line Help Facility
(search for “Equipment Sharing”).

At this point you have completed the basic initialization steps for the streams, operations,
and equipment. Asyou become more familiar with Pro-Designer, it will take much less
time to do these activities. For instance, al the steps that we have done thus far in this
chapter could be performed in about 15 minutesif you were already familiar with how to
use Pro-Designer.
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FILTER-1 [Filtration]) i

Uper.Cond's ; Labor, etc. ; Scheduling;

Farticulate Component Bemowval Diwration
Compaonent % Remowved :‘:1 Setup Time | 0,00 { min Lﬂ
5 0,000 | Filtratiar Tirne
C 55.000 | O set fzms  [h ¥
Heptane 0.000 | O Calculate based on fitrate flux
Niragen (.00 ‘ Filtate Flu [ 200,000 Lém2+h
Crpgen 0.000 I
Water oooo =
tax. Cake Thickness W M
Cake Diyness Cake Thickness W M
O LoD [3500 %
' Cake Porosity [0.40 wv | L
_ O Set Specific Power [0.00 | kiwi/m2
o [Output 3 (5-107) 3] O Set Pawer o kw

o ok |ook s | ok | cancel | Help ]

Figure 2.1-cc: Dialog of the Filtration Operation (when the Equipment is in Rating Mode).

Important note about building and initializing lar ge flowsheets —when you design
complex flowsheets, keep in mind that you don’t have to add all the unit procedures at
once. You can always add or remove procedures as desired at alater stage of the design.
For complex flowsheets, it is highly recommended that you begin your design with just a
few unit procedures (two is a good number) and add more of them only after you have
simulated the first unit procedures and determined that the streams and operations have
been initialized correctly and your mass balances make sense.

Using Break Points

When simulating large flowsheets it is sometimes useful to solve only part of the
process. Setting breakpoints tells the simulator to halt calculations at a certain point. A
brief description of this facility is given below.

You can place a breakpoint, and force the M& E balance execution sequence to pause
either right before, or right after the solution of a unit procedure. You may even place a
breakpoint inside the unit procedure’s solution sequence of unit operations. Use the
following steps to place a breakpoint on a unit procedure:

e Right click on aunit procedure to bring up the command menu:
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o After selecting the " Set Breakpoint" option, adialog will appear asking where to
break the simulation. Check the place(s) where you wish the simulation to pause
and exit thisdialog, notice ared sign, 9 , iIs shown above the procedure’sicon
to indicate that one or more breakpoints are set on this procedure. The position
of the sign indicates whether the break is on the entry, operations or exit of the
procedure.

e Once abreakpoint is set, next time the "Solve M& E Balances' command is
issued, the simulation cal culation sequence will pause at that location. When the
simulation sequence is paused, some of the “ Solve” Toolbar’s buttons become
active. Also notice that while the simulation has been paused, all unit procedure
display another icon underneath that has indicates the simulation state of each
procedure at that time (as the simulation is paused):

© has not been visited yet

~/ has been successfully simulated already

i isbei ng solved recursively (as part of loop convergence)

%7 solution ended unsuccessful ly (as part of an un-converged loop)
¥ solution ended unsuccessfully (an error was encountered)

The following sequences of images, indicate the state of the unit procedure that
is CURRENTLY BEING SOLVED (i.e. when the breakpoint was encountered):

8O0 Break on entry
S90 Break in an operation
288 Break on exit

[N

@000 Break on entry

S® 00 Break on materia pull in/push out
(applies to operations with auto adjust
material streams)

@@ Breakinan operation

@888 Break on materia pull in/push out
(applies to operations with auto adjust
material streams)

$088®® Break on exit

Notes:
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2.1.8

You can toggle the visibility of the breakpoint icons (above the UP) aswell asthe
simulation status icon (below the UP) from the Solve Toolbar (last two buttons).

Also note, that you can temporarily deactivate breakpoints (without removing them).
Simply visit the Set Breakpoints interface dialog of a unit procedure, and click once
more on the checked breakpoint location. Notice how the checkmark now is still there,
but looks faded (grayed out). The breakpoint sign above the UP' sicon will look faded as
well.

When the "Solve M& E Balances' sequence is paused, you may visit any stream or
procedure or operation’s simulation dialog to inspect or even modify values of operating
conditions. If you modify the values of streams and/or operations belonging to unit
procedures that have already been solved (i.e., the check mark icon appears underneath)
or to the unit procedure that is being currently solved but the operations whose value has
been modified has already been solved, then the new values will not be taken into
account until the next "Solve M& E Balances' command is issued.

Setting the Process Scheduling Infor mation:

The following terms are used for batch process scheduling:

Operating Time: The number of hours/year the plant is devoted to making a specific product.
Campaign: An uninterrupted run of batches.

Batch Time: The start to finish time for one batch.

Effective Batch Time: The time between batch starts. Sometimes called the recipe or plant
cycletime.

Minimum Effective Batch Time: The minimum time between batch starts based on the time
(scheduling) bottleneck.

Effective Batch Time Slack: The difference between the actual and minimum effective batch
times.

If you have specified the entire plant’s mode of operation as batch, which is the case for
your example flowsheet, you should provide process scheduling information before
performing asimulation. Pro-Designer allows you to specify the following scheduling
data:

1. For each operation: 2. For theentire plant:

a. the processtime, e. the annual operating time,

b. the setup and turnaround times, f. the number of campaigns per year,
c. the starting time, and and either:

d. the number of cycles (at the gl. the number of batches per year, or

procedure |evel). g2. the effective batch time, or

g3. the effective batch time slack.
Scheduling of operations was explained in Section 2.1.5. Figure 2.1-y in that section

showed the Scheduling tab of afiltration operation. Through the Scheduling tab, you can
specify the starting time relative to the plant batch or relative to the start or end of other
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operations in the same or different procedures. You may also specify the processtime (if it
is not calculated by the model), the setup and turnaround time.

To specify the number of cycles per batch of a procedure (the same number appliesto all
operations of the procedure), simply right-click on the unit procedure’sicon and choose
Procedure Data. By default, all procedures start with one cycle.

To specify scheduling for an entire plant, select Tasks. Recipe Scheduling Information...
(see Figure 2.1-dd below).

i Recipe S5cheduling Information |

Annwal Operating Time [AOT] Available M h
Annual Operating Time [A0T] Utilized | 24000 |
Mumber of Campaignz Per ear | 1

Humber of Batches Per ear [Mb]
C) Calculated @' Set by User |2EI

Cycle Time

O Set by User |12.EIB h
) Set Cycle Time Slack [2.65 h

Update Sched. Elutputsl Batch Time | 10,40 b
kdin Cycle Time | 9.44 h

Max # Batches ear [Mb,max) | 229

Longest Procedure IF"1 [im%-101]

Sched. Battleneck.
E quiprnent

| ] I Cancel | Help |

Figure 2.1-dd: Specifying the scheduling information for a batch flowsheet

w101

For your example process, please change the “ Set # Batches/Year” field to 20. This
implies that your example process will be run in apilot plant 20 timesthisyear (itis
assumed that the equipment used by this processis used by other processes the rest of the
year.) In addition, please change the annual operating time for this process to 240 hoursto
reflect the completion of one batch during every 12-hour shift.

Based on the scheduling information and the annual operating time specified for the plant,
the system will do the following:

1. Make sure there is no conflict created by the specified start time and end time of
processing steps. Conflicts can be created if the cycle times of procedures that share
equipment overlap.

2. Make surethere is no conflict between the specification of annual operating time, the
number of batches, and the effective plant batch time (as calculated from al the
procedures).
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3. Calculate the plant’s batch time, the plant’s effective batch time, the plant’s minimum
effective plant time (with maximum batch overlapping), the maximum number of
batches possible, the longest procedure (i.e., the procedure with the longest total cycle
time) and the scheduling bottlenecking equipment (the equipment with the longest
occupancy time).

2.1.9 Viewing Scheduling, Equipment Utilization and Resour ce
Tracking Results

A variety of scheduling, equipment utilization and resource tracking tools are included in
Pro-Designer. These include Operations and Equipment Gantt Charts, Main and
Auxiliary (CIP & SIP skids) Equipment Utilization Charts, and Resource Demand and
Inventory Charts.

Gantt Charts

Please generate the Operations Gantt Chart for your example process by selecting Tasks:
Gantt Charts: Operations GC from the main menu. It should look similar to Figure
2.1-ee below. The left view (spreadsheet view) displaysin each line: the name, duration,
start and end time for each activity whose bar line is shown straight across on the chart
(al information is presented for viewing purposes only). You use the left view to expand
and/or collapse activity summaries by clicking on the + or — rectangle showing at the left
of the name of the activity. The right view (chart view) displays a bar for each activity
participating in the overall scheduling and execution of the recipe.

Operations Gantt Chart [Single Batch])

File Edit Update Chartt “iew Preferences

g h
el Lty _S[m 1]::::,3 CEREEEEEER L E

I |HComplete Recipe {1040k |000k 1040k § 0

2 [=]P-1 944h  (0D00h (944h

3 CHARGE-1  [028k  [000h 028k f] CHARGE-1(0.23k)

4 CHARGE-2 013h 028h |(040h | CHARGE-2(0.13 k)

3 CHARGE-Z 012k 040k |052h | CHARGE-3(0.12 h)

& REACT-1 .00k 032k 652k FEACT-1 (6.00 k)

7 TEANSFER-1 |292h 652k |944h TEAMSFEE-1 (222 k)

2 He-z2 382 h B.52h 1040k

g FILTEE-1 292k A32h |944h FILTEE-1 (292 k)

10 CALKE WASH-1{0350h 44k [9594h @ CAKE_WASH-1 (050 k)

11 TEALMNSFER-1 |04Th O84h 1040k @ TEANSFER-1 (0.47 k)

ol | M | ]

For Help, press F1 IW i

Figure 2.1-ee: The Operations Gantt Chart.

Note: If you wish to modify the appearance of the chart, including the bar width and
time-scale use the Preferences. Syles. Gantt Chart menu item on the chart’s menu bar.
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From the Gantt Chart interfaces you can modify the scheduling parameters of each
procedure and operation as well as the scheduling parameters for the entire plant (i.e.,
annual operating time, number of batches per year, etc.). Infact, anything you can
accomplish with the scheduling interfaces described in Section 2.1.7, you can also
accomplish from the Gantt chart interface. In order to edit scheduling parameters from
thisinterface, right-click on the bar of the desired procedure or operation. This will
bring up the Procedure Data dialog (in the case of procedures) or the Operation Data
dialog (in the case of operations.) To view and edit the scheduling information for the
entire batch, right-click on the bar which corresponds to the Complete Recipe (at the top
of the chart) and choose Recipe Scheduling Info. After you have edited a scheduling
parameter, you must click the Update Chart button on the Gantt chart main menu. As
you can see, these Gantt Charts present you with a graphical way to set the scheduling
parameters of each processing step and immediately visualize the effects on the entire
batch production. Please refer to the examplesin Chapter 2.2 and 2.3 to see Gantt Charts
for more complex processes.

Equipment Occupancy Charts

Another way of visualizing the execution of a batch process as a function of timeis
through the Equipment Occupancy chart (select View: Equipment Occupancy Chart:
Main Equipment (Multiple Batches)). By default two batches are shown. To add more,
right-click on the chart and select Set Number of Batches. Figure 2.1-ff displays the
equipment occupancy chart for three consecutive batches of the process of this example.
White space represents idle time. The equipment with the least idle time between
consecutive batches isthe time (or scheduling) bottleneck (V-101 in this case) that
determines the maximum number of batches per year. Its occupancy time (9.44 hoursin
this case) is the minimum possible time between consecutive batches (also known as
Min. Effective Plant Batch Time). The actual time between consecutive batches (also
known as Effective Plant Batch Time) is 12 hours.

i Equipment Occupancy Chart £ Multiple [ 3] Batches

I 1 Ce#2 e

v - (|

Equipment

PFF-1014-----n--- - - | e

24
3

-—

Time inh

Figure 2.1-ff: Equipment Occupancy Chart (three consecutive batches).



Developing a Design Case 2-39

Pro-Designer also generates utilization charts for auxiliary equipment, such as clean-in-
place (CIP) and steam-in-place (SIP) skids.

Resource Tracking

In addition to creating Gantt charts for equipment utilization and operations, Pro-Designer
automatically generates graphs of resource demand as a function of time for such things as
heating and cooling utilities, power, labor, and raw materials. To view these graphs, select
View: Resour ce Consumption Tracking Chart: Labor (Multiple Batches). Figure 2.1-gg
displays the labor requirement resource demand graph for two consecutive batches. As can
been, three operators are required to handle this process.
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Figure 2.1-gg: The Labor Resource Tracking Chart for the example process

I nventory Tracking

Pro-Designer can also analyze and display inventory information for material resources.
Recall that 50 kg of material ‘A’ are used in each batch. Suppose there is a 300kg storage
capacity for ‘A’ and an opening inventory of 100kg. Suppose further that the loading
rate of ‘A’ into storage is 200kg/hr. How often should shipments of ‘A" be scheduled?

Select the menu item View \ Resource Inventory Chart \ Ingredient (Multiple
Batches). Select ' A’ and select the Supply Info button. Fill out the dialog as shown in
figure below.
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i Resource Supply Information il
Pleaze dezcribe the following insventany data for A
Storage Capacity Supply
O SetByUser [300.00 ka Rate |200.00 kath
O Do g s Start Time
Initial Contents Q Set [0.00 h
O Set By User |1EII]_I]EI kg (' Sunchronize with First Diraw
@
Schedule
Contents £ Storage-Capacity B atioz ) Fixed
Limits Cuirrently Orelnteryal |1.00 h
Maw [100.00 % Max [30.00 % Offnterval [2400 h
Min[0.00 % Min [TE7 % O Variable
On-Trigger IW 4
ITI Cancel | Ff-Trigger IW 4

Help |

Figure 2.1-hh: The Ingredient Resource Supply Dialog

Thiswill tell Pro-Designer that the supply of ‘A’ should be replenished when the
inventory fallsto 10% of the capacity. The replenishment should be halted when the
inventory reaches 90% of storage capacity. Click OK.

Next, select the Chart Syle button and select the Contents tab. Under the Inventory
heading check the boxes for amount and limits. Deselect everything else and click OK.
Click OK to continue and the chart will be displayed with two batches. Set the number of
batches to 12 by right-clicking and selecting Set Number of Batches. The resulting
chart will look something like the following figure. The increases in inventory indicate
the replenishment schedule suggested by Pro-Designer. It is also possible to set the
replenishment schedule and allow Pro-Designer to cal culate the minimum inventory
capacity required.
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Figure 2.1-ii: The Inventory Profile of Component A

Throughput Analysis and Debottlenecking

Pro-Designer is equipped with powerful throughput analysis and debottlenecking
capabilities. The objective of these featuresis to allow the user to quickly and easily
analyze the capacity and time utilization of each piece of equipment, and to identify
opportunities for increasing throughput with the minimum possible capital investment.
The most important utilities are:

¢ Thethroughput potential chart, which indicates opportunities for increased
product/batch
e The utilization charts
For a detailed throughput analysis example (based on the process of the second
example), please see Chapter 9 or search for Debottlenecking in the Help Facility. A brief
description is given here.

Since throughput calculations are based on fixed equipment, set the equipment
calculation mode to User Defined (Rating) for all theitemsto be evaluated. Solve the
model and select View: Throughput Analysis Charts: Utilization. The utilization chart
below will appear.
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i Throughput Analyziz: Utilization Indices
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Figure 2.1-jj: Equipment Capacity/Time Utilization Chart

The chart shows, for each piece of equipment, the capacity utilization (how “full” the
equipment is) and the time utilization (it's “uptime”). The combined utilization is the
product of the two. In this case the equipment is at capacity, which is not surprising
because the model calculated the minimum sizes in rating mode. Also the time utilization
is somewhat low because some slack time was introduced.

Select View: Throughput Analysis Charts: Potential to view the throughput potential
chart below.
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Figure 2.1-kk: Throughput Potential Chart.

This chart shows the potential and actual batch sizes based on each piece of equipment.

2.1.10 Cost Analysisand Economic Evaluation

Pro-Designer performs thorough cost analysis and economic evaluation calculations and
generates two pertinent reports. The key initialization steps are described below.

Supplying Revenue, Raw Material, and Waste Stream Data

This step must precede economic evaluation, throughput analysis, and environmental
impact assessment calculations. To supply this data, first select the Tasks: Revenue,
Raw Material and Waste Streams... item from the main menu. You will be presented
with adialog window (see below) where you can classify al input and output streams as
raw materials, revenues or wastes (solid, liquid or gaseous) and supply any cost data
associated with the classification. By default, the system estimates a purchase or selling
price for a stream based on the price of each component and the composition of the
stream. The price of a pure component or stock mixture is part of its Properties, which
can be edited when Registering Components as described earlier in this chapter. In your
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example process, please classify the output streams and set costs for the two liquid waste
streams (as was donein Figure 2.1-1). Notice that the Selling Price of the Revenue
streamis cal culated automatically, based on the stream’s composition (recall that thereis
still heptane and small amounts of impuritiesin our product cake, so the price per kg of
cakeis less than the $200/kg price of pure component C.) Next, click on the Set By User
boxes next to the two liquid waste streams and type in $0.10/kg for the Disposal Cost of
each. Also be sureto classify them as liquid waste.

Finally, select your revenue stream (S-107 below) from the Main Product Rate drop-
down list, and specify that the unit cost for this process will be reported based on the
Component Flow of product C (see below).

- Heyanue, Haw Malsisal and Wasle Sliaamg

Clagsification of 0ulpul Steams

Siimam N.ame Dlassibicalion m‘iﬁ‘: i,”:;‘}] 'sl_f;:" Hazaidous?
1 E mistion B | 'IJJ:I?IJ [ r
2 5107 Frervarns 130 16227 r =
E 5108 Liquid 'waste 0100000 B ]
3 5108 Liquid 'Wate 0100000 i r
Classification of Input Sheams Wi Peoduct Rate
— IProck.ck e Cost Feference st
sweamilame | Cossicaton | Procesnges | Y| RN
1 Hemtane Flaw M atena 030000 ] Clyesn
2 s Flaws M ateria 10000000 [ 5107 4]
E 5103 Fliaws Materia 15, 000000 ] O Show Revenue Shean: Onk
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T Tokal [Enbie Shisam Flew|
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Figure 2.1-Il: The Revenue, Raw Material and Waste Stream dialog box

Note: Classification of astream asasolid, liquid or gaseous waste will causeit to be
reported in dedicated sections of the Environmental Impact Report, where a detailed
bookkeeping is kept on all chemicals that end up in each waste category. The
environmental impact report allows you to eval uate the burden of the process on the
environment. Such an assessment assists the designer to focus hig/her attention on the
most troublesome streams and the processing steps that generate them. A related report,
the Emissions Report provides information on emissions of volatile organic compound
(VOC) and other regulated compounds.
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Adjusting the Cost Factors

The user can specify economic evaluation parameters at three levels: the Operation,
Equipment, Section, and Flowsheet (Design Case) level. Please note: the economic
evaluation parameters from each of the three levels have a significant impact on the cost
calculations. Therefore, the parameters at all three levels should be examined by the
user and edited if necessary.

Economic Parameters at the Operation Level

Parameters that affect demand for Labor and Utilities are specified at the operation level.
Variables that affect cost of Consumables (e.g., resin replacement for chromatography
columns) are also specified at the operation level. For instance, the labor requirement
for an operation can be specified through the Labor, etc. tab of an operation’s dialog.
Through the same dialog you can specify auxiliary utilities, which have no impact on
material and energy balance calculations (they do not affect output stream temperatures).
They are only considered in costing and economic evaluation calculations. Auxiliary
utilities offer a convenient way to associate utility consumption with generic boxes and
other operations that do not calculate utility demand.

Economic Parameters at the Equipment Level

All unit procedures have two common dial og tabs through which the user can provide
information that affects the capital investment and certain items of the operating cost of
that particular step.

Information about equipment purchase costs and various adjustments can be provided
through the Purchase Cost and Adjustments tabs of the Equipment Data dialog (right
click on the vessel procedure and select Equipment Data). By default Pro-Designer uses
abuilt-in model to estimate purchase costs for each piece of equipment (Figure 2.1-mm).
However, you can override this estimate by either using your own model (click on User-
Defined Model) or specifying an exact purchase cost (from a vendor quote, for instance.)

Now please click on the Adjustments tab of this dialog to view the % depreciated,
material factor, # of standby units, etc. for the reactor. Thefields on thistab are
described in detail below:

Already Depreciated Portion

Oftentimes, a piece of equipment has already been either fully or partially depreciated.
This can be captured using this variable. Any values other than 0.0% reduce the cost of
depreciation but have no impact on the mai ntenance cost because that cost depends on

the full purchase cost and not just the undepreciated portion.

Installation and M aintenance Costs

These factors are used to estimate the installation and maintenance costs for each piece
of equipment as a fraction of their purchase cost.

Material Factor

The purchase cost that is estimated using the built-in model corresponds to a certain
material of construction that is displayed on this tab. Selecting a different material will
affect the equipment purchase cost. Note — the material cost factors for each type of
equipment can be viewed by choosing Databanks \ Construction Materials... from
the menu bar. Additional materials and material factors can be added to the User
database.
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Usage and Availability Rates

Thisfactor is used to estimate in alumped way the equipment-dependent operating
cost. Values are provided in $/hr of actual use or availability to a project.

Sandby Units

For pieces of equipment that are critical to the operation of a process, you may choose
to have one or more standby units (in case the regularly used pieces of equipment go
down for scheduled or unscheduled maintenance). The number of standby units affects
the capital investment but has no impact on maintenance and labor cost.

¥-101 [Continuously Stimed Reactor] |

Equipmert Purchase Cost I.ﬁ.diustmentsl Schedulingl Thruughputl Enmmentsl .-’-'-.II::u:atiu:unl

Purchaze Cost | 221867 % [adjusted for vear af analvsiz: 1999]

Cozt E stimation Optionz

) SetByUser [229252 %

k. I Cancel Help |

Figure 2.1-mm: The Purchase Cost tab of the Equipment Data dialog box

Notes:

a) If apiece of equipment is shared by multiple unit procedures, its purchase-cost-
dependent expenses (e.g., depreciation, maintenance, etc.) are distributed to its hosting
steps based on the occupation time of each step.

b) Additional information on cost factors at the process step and equipment levels can be
found in Chapters 5 and 8.

Economic Parameters at the Section Level

Division of aflowsheet into sections facilitates reporting of results for economic
evaluation, raw material requirements, and throughput analysis of integrated processes.
A flowsheet section isagroup of unit procedures that have something in common. All
flowsheetsinitialy contain one section (called the “Main Section” by default). For
information on how to create flowsheet sections and edit their properties, please read
Chapter 5 or consult the Help Facility (look up the keyword “ Sections” in the Help
index).
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Section Capital | nvestment Factors

Pro-Designer uses a factor-based method to estimate the capital investment associated
with each section of aflowsheet. These factors have been assigned default values that
should be reasonable for most cases. However, you should still check these factors to
ensure that they are accurate for your situation. You can then adjust the factors to better
suit your particular design case. Figure 2.1-nn shows the dialog box that allows you to
edit factors used to estimate the direct fixed capital (DFC) of a section. This dialog box
is brought up by selecting the appropriate section (*Main Section” in this case) from the
Section drop-down menu, and then clicking on the Capital Cost Adjustments button of
the section toolbar (the button with the green dollar sign onit). Thisdialog box could
also be accessed by right-clicking on a blank area of the flowsheet and selecting Section
(section name): Capital Cost Adjustments.

Sechion: ‘Main Section’ [Capital Investment]

DFC |Enst.-’-‘-.l|u:u:| Mizc I

Direct Fixed Capital [DFC] | 2113.02 thouz.$ [~ Set by User:
DFC Partion Already Depreciated | 0.00 A

DFC E stimation
Direct Fixed Capital [DFC] = Direct Cost [DC] + Indirect Cost [IC] + Other Cogt [OC)

Direct Cost [DC) e sa s [T Indirect Cost [1C) Mg Rea s [

Piping (41035 #FC %
Instrurnentation [B] W u PC Engneering ()] 0.25 % DC
Insulation [C1[ 5,03 #FC Construction (11035 DG

Electrical Facilities [0 IW % PC
Builldings [E) [0 45 & PC

rard Improvement (F) IW % PC Other Cost (O] g Hea D, [T
Auriliarm Facilities [G] W w PC

PC = Equiprment Purchaze Cost BT et o0 W *[DC+IC]

DC = PC + Installation + A+B+CeD+E+F+5 Contingsncy [010 % (DC +1)

E quipment Purchase Cost [PC] E ztimation
Purchaze Cozt [FC] = Equipment Cost + Lnlisted Equipment Purchaze Cost

Inlisted Equipment Purchase Cost | 0.20 #FC
Unlisted E quiprient Installation Cost [§ 50 % Unlizted Equipment's PC

2k, I Cancel | Help |

Figure 2.1-nn: The dialog box for Capital Cost Adjustments.

If an entire section or certain equipment items of a section are utilized by multiple
projects (this is quite common for batch processes), the user can specify either the
fraction of DFC or the equipment purchase cost that should be allocated to the present
project through the Cost Allocation tab of the above dialog.
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Through the Miscellaneous tab of the Capital Cost Adjustments dialog, you can adjust
parameters that affect the calculation of the Working Capital, Startup and Validation
Cost, Up Front R&D, and Royalties.

Section Operating Cost Factors

Pro-Designer calculates and reports nine cost items for each flowsheet section: Raw
Materials, Labor-Dependent, Facility-Dependent, Laboratory/QC/QA, Consumables,
Waste Treatment/Disposal, Utilities, Transportation, and Miscellaneous. Figure 2.1-00
displays the options available for calculating the facility-dependent operating cost.

Section Main Section [Operating Cost Adjustments]

Facilty | Labor | Lab/GC /@4 | Utiities | Mise |

Faciliby-Dependent Cost

O Bazed on Operating Parameters!

[® Eazed on Equipment-Usagedévailability Fate
Facility-Dependent Cost = SUM{Equiprnent Fate] = [Equipment Haurs]}
O Uzage basis
1 Awailability basis

| |nzlude ¢ Exclude Equipment. . I

[T Baszed on Facility Usage Rate s Hea D, [T

Facility-Dependent Cogt = [Facility zage Rate] » [Hours of Axwvailability]

Facility Usage Rate | R00.00 $facility-h

(! Bazed on Capital Investment Parameters

Facility-Dependent Cost = [Depreciation] + [Maintenance] + [Mizcellaneousz]

M aintenance

e pdu s o

M E.00 % DFC [Diirect Fixed Capital]

Mizcellansous Vi Hra s [T
Insurancel 1.00 ZDFC
Local Ta:-cesl 200 ZDFC

Factomy Expenze | R.00 ZDFC

k. I Cancel Help |

Figure 2.1-00: The dialog box for Operating Cost Adjustments.
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Thisdialog is brought up by selecting the appropriate section (“Main Section” in this
case) from the Section drop-down menu and then clicking on the Operating Cost
Adjustments button of the section toolbar (the button with the small dollar sign and the
runner). This dialog box could aso be accessed by right-clicking on a blank area of the
flowsheet and selecting Section (section name): Operating Cost Adjustments.
Through the Operating Cost Adjustments interface, the user can adjust parameters that
affect the Equipment, Labor, Lab/QC/QA, Utilities, and Miscellaneous costs of a section.
For your example process, please change the Facility Cost to be based on an Equipment
Usage Rate. Thiswill account for depreciation, maintenance, and miscellaneous
equipment expenses. The equipment usage or availability rates are equi pment-dependent,
areinitialized to $100/hr and can be edited though the Adjustments Tab of the
Equipment Data dialog.

Next, please visit the other tabs on the above dialog to familiarize yourself with their
functions. Noticethat in the Labor tab there are various options for specifying the labor
costs of your process, including lumped and itemized estimates for both the number of
hours required and the labor rate. Furthermore, the L ab/QC/QA tab of the above dialog
allows you to specify information for detailed calculation of laboratory, quality control,
and quality assurance expenses (see Chapter 8 for more details.)

Economic Evaluation Factors at the Flowsheet Level

Finally, there are parameters at the flowsheet level that affect the results of project
economic evaluation. Through the dialog of Figure 2.1-pp, for instance, the user can
specify various time parameters as well as the interest levels for calculating the net
present value (NPV) of the project. Thisdialog box is brought up by selecting the Edit:
Flowsheet Options. Economic Evaluation Parameters... option from the main menu.
It can also be brought up by right-clicking on a blank area of the flowsheet and selecting
the Economic Evaluation Parameters... option.
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Economic Evaluation Parameters for Entire Project |
Time % aluation | Financing | Production Level | Misc. |
Time Parameters
Y'ear of &nalyziz W
‘Year Construction Starts [1333
Construction Perod |3D manths
Startup Period |4 manths
Project Lifetime |15 NEars
Inflation [t update equip. cost] | 4.00 &
MPFY Interest
Low [7.00 %
b edium | 9.00 %
High | 11.00 4
k. I Cancel | Help
Figure 2.1-pp: Adjusting the economic evaluation parameters at the flowsheet level.
Through the Financing tab of the above dialog, the user can provide information on the
financing of the project (e.g., equity versus borrowed money for DFC, working capital,
etc.), the method of depreciation, the depreciation period, the salvage value, and the DFC
outlay (the spending of direct fixed capital as afunction of time).
Through the Production L evel tab of the above dialog, the user can specify the capacity
utilization profile (production level) for the expected lifetime of the project and provide
information for product failure rate and disposal cost of scrapped product. Please note
that the production level only affects the Cash Flow Analysis calculations. It has no
impact on other project economic evaluation variables.
Through the Miscellaneous tab of the above dialog, the user can provide information for
estimation of income tax, advertising and selling expenses, and running royalties.
For detailed definitions of economic evaluation parameters and information on
calculation methods, please consult Chapter 8.
2.1.11 Performing Economic Calculations and Viewing the Results

After simulating the process, you can carry out the economic calculations by selecting
Tasks: Perform Economic Calculations. Depending on your interest, you may then do
the following:
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1. View the equipment purchase cost for each process step by right-clicking the
equipment icon, and then selecting the Purchase Cost tab of the Equipment Data
dialog. Remember that the displayed purchase cost is for a single piece of
equipment. If the requirementsto carry out the specific processing task are such that
more than one equipment item (of the same size) is needed, the total cost isthe
indicated cost times the number of equipment items.

2. Select View: Executive Summary to view the essential economic evaluation results for
the whole process. Please view the Executive Summary of your example process now. It
should look similar to Figure 2.1-qq below:

3. Toview the detailed results which were used to produce the Executive Summary, you
will need to generate the Economic Evaluation Report (EER). To generate this report,
select Tasks: Generate Economic Evaluation Report. To view it, select View:
Economic Evaluation Report. Like the stream report, the EER is atext file which may
be read by a variety of text editors and word processors. The same report (like any other
report) can also be generated in spreadsheet format by selecting File: Export Reportsto
Excel. The EER contains tables which give an overview of the process costs, a listing of
the cost of each piece of equipment, a breakdown of the fixed capital estimate,
summaries of labor, raw material, consumable, waste treatment, and utility costs, a
summary of the annual operating cost, a profitability analysis and cash flow analysis,
loan information, and breakdowns of the capital outlay and loan payments. Y ou can use
the EER to make informed decisions about where to focus resources in the optimization
of your process. It can also be used to perform realistic comparisons between various
process scenarios (e.g. “what-if” scenarios and sensitivity analyses). Please generate and
view the Economic Evaluation Report now.

4. Another useful economic report isthe Itemized Cost Report (ICR). Thisreport breaks
down the costs per flowsheet section. For more information on the contents of the
economic reports, please read through the examples in Chapter 2.2, 2.3, and 2.4 or
consult Chapters 8 and 11.
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Executive Summary for Project |

| Capital Investmentl Dperating D:ustl Hevenuesl

Project Totals

Investment | 2351357 %
Investment Charged | 1023546 %
ko thiz Project
Revenue | 210583 $hur
O perating I:u:ustl 73004 $h
Production Rate | 1052917 kgdwr
Unit Production Cost | E3.3351 $/kg

Froject Indices

Gross Margin| R332 %
ROl I 1503 %

Fayback Time | B.ES ywears
IRR [after ta:-:]| 852
MEY at 700 & | 89.014 %

] I Cancel

Figure 2.1-qq: The executive summary for the example flowsheet.

2.2.12 Convergence of Recycle L oops

The material of this paragraph is only relevant to flowsheets that include recycle loops.
Pro-Designer default convergence parameters for flowsheets that include loops (which
result in iterative calculations) have been tuned in order to be adequate for most
situations. However, occasionally (especially in design cases involving highly non-linear
models) they may fail to converge. In these cases, you may fine-tune the convergence
characteristics for your particular application. To change the convergence parameters,
select Edit: Flowsheet Options. Recycle Loop Options (or right-click on ablank area
of the flowsheet and select Recycle Loop Options). Thiswill bring up the dialog of
Figure 2.1-rr. Below isalist of actionsthat you can take to improve the system’s
performance in converging iterative calculations:

1. Adjust the convergence tolerance (relative tolerance). The convergence tolerance
isdefined as: (New Value - Old Value) / Old Value. Setting the relative tolerance to a
larger value may speed up the convergence (but may lead to less accurate simulation
results).
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2. Switch from convergence based on the total flow to convergence based on
individual component flows. This may slow down the convergence process but it will
yield more accurate simulation results. Thisis especially important for design cases that
deal with componentsthat are in trace amounts, but whose accurate balance is of utmost
importance (e.g., hazardous and/or toxic chemicals).

3. Increase the maximum number of iterations.

4.  Request that tear streams be initialized to zero flow (for all components) before
every new simulation. Normally, in cases where the flowsheet has been converged once,
theinitially guessed state for tear streamsistheir current state at the end of the previous
(converged) simulation. In most cases, this leadsto afaster convergence the next time
the mass and energy balances are solved. However, after a convergence failure, it may be

better to start with zero values.

5. Adjust the Wegstein algorithm parameters (Qmin, Omax, @nd g). If the convergence
procedure seems to be unstable, raising the value of gyis (i.€., making it less negative)
may improve convergence; if it is converging very slowly but monaotonically, you might
lower gmin; and if it is converging in an oscillatory manner, try raising gme. YOu also
have the option of adjusting the value of g. If qisbetween zero and 1, the procedure isa
modified successive substitution; if q is negative then the convergence is accel erated.

6.  Switch from Wegstein accel eration to successive substitution. This may slow down
the convergence calculations but will increase the likelihood of convergence.

7.  Select adifferent tear stream for arecycle loop by right clicking on a specific
stream (that is part of the loop) and selecting “ Preferred Tear”. The current tear streams
are identified on the flowsheet (with two red slashes) if you check the “ Show Tear

Streams” box.

i Recycle Loop Options

]|

YWiegstein Acceleration

) Mo [Successive Substitution]

O NesEve[ & lterations

€ Estimated
q Minl -5.00
q Max| 5.00

) Set by User
g 0.00

Stream Corvergence Critenion

) Component Flowrates
O Tatal Flowrate

Fieset Tear Stream Flows ToZera [
Felative Tl:nlerancel—
([rew-old)Aald] (0.0007 00000
b ax Mo Iteratiu:unsl ROO

Show Tear Streams [

o]

Cancel | Help |

Figure 2.1-rr: Adjusting the convergence parameters for design cases with recycle loops.
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