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Who Should Read this Guide

This guide is suitable for Aspen Plus users who want to model petroleum
processes. Users should be familiar with the procedures covered in Aspen Plus

Getting Started Building and Running a Process Model before starting these
examples.
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Aspen Plus is a powerful tool that allows you to easily model petroleum
processes. Use this book to learn the basics of how to build and run a process
model of a simplified crude fractionation train. After completing the five
simulations in this guide, you will be able to perform basic simulations of
petroleum processes.

This manual assumes you have:
e Installed the Aspen Plus simulation engine and user interface.

e Completed the tutorial simulations in Getting Started Building and Running
a Process Model, so that you are familiar with the basics of how to use
Aspen Plus.

Modeling Petroleum Processes
with Aspen Plus

Petroleum refining processes are highly complex and integrated. They have

unique characteristics that set them apart from other chemical processes,

including:

e Process feedstocks, which consist of complex and wide-boiling mixtures of
hydrocarbons, whose exact compositions are unknown.

e Highly-coupled and heat-integrated fractionation units, used to separate
feedstocks into a variety of products with different specifications.

e Open steam and cooling water for stripping and heat recovery, giving rise
to the presence of two liquid phases throughout the refining process.

e Degree of separation specified in terms of distillation temperatures, gaps,
overlaps, and other properties.

e Product specifications given in terms of stream properties such as flash
point, pour point, sulfur content, metal contents, and octane nhumber.

Aspen Plus provides special features to handle the unique characteristics of
petroleum refining applications. With Aspen Plus, develop a simulation model
of your petroleum process, then use this model to study alternative modes of
operation or optimize the existing operation.

This manual guides you through some of the key petroleum features in Aspen
Plus. You can use these features with the wide range of other Aspen Plus
capabilities, such as estimating and regressing physical properties, fitting
plant data to simulation models, and optimizing your process.

Introducing Aspen Plus 8



Simulations in this Book

This book guides you in building a flowsheet that describes a crude
fractionation train in a petroleum refinery. Each chapter contains a tutorial
simulation that builds one block of the flowsheet. Complete the entire
flowsheet by following each chapter in succession.

This book includes the following hands-on simulations:
Follow the steps in this | To learn how to

chapter
1 Blending Crude and Define components, enter assay data for two
Petroleum Fractions crude oils, and blend the crude oils into a single

process feed.
2 Adding a Preflash Tower Model a preflash tower.

3 Adding an Atmospheric Model a crude atmospheric unit.

Crude Distillation Unit

4 Adding a Vacuum Unit Model a vacuum unit.

5 Displaying Petroleum Use petroleum properties with your simulation
Properties model to obtain information about the process.

Using Backup Files

We recommend that you perform all simulations sequentially in order to build
the entire model. However, skip chapters and work on the simulation of your
choice, using backup files containing simulation data.

Aspen Plus provides backup files containing all problem specifications and
results for each tutorial simulation. If you skip a simulation, you might need
to load a backup file to supply missing data. The chapter describes how to do
this. If you perform each tutorial simulation in order, use backup files to
compare your results.

Introducing Aspen Plus 9



1 Blending Crude and

Petroleum Fractions

This tutorial contains five simulations to guide you through the process of
building a model of a crude fractionation train typically found in a petroleum
refinery.

In this first simulation, begin building the model by defining the crude feed to
the process, using the Aspen Plus Assay Data Analysis Run Type. Use this run
type to analyze petroleum crudes before running a flowsheet simulation.

In this simulation you will:

Define components.

Enter assay data for two crude oils.

Blend the crude oils to produce the crude feed.
Generate pseudocomponents for the blend.
Run the Assay Data Analysis calculations.
Examine results.

Allow about 45 minutes to complete this simulation.

1 Blending Crude and Petroleum Fractions 10



Petroleum Process Flowsheet

The following illustration shows the petroleum process flowsheet you will work
with throughout this book:

FREFLASH

g CU-MATER o

HHAPHTHA 5
1
— CU-SThi1 <

CU-STEAM

Problem Definition: Crude Fractionation Train

The process consists of the following steps:

1

2

The process feed (MIXCRUDE), consisting of a blend of two crude oils
(OIL-1 and OIL-2; see Tables 1.1 and 1.2), goes to the preflash furnace.

The preflash tower (PREFLASH) removes light gases and some naphtha
from the partially vaporized feed.

Preflash bottoms (CDU-FEED) are further processed in the crude
distillation unit (CDU). The CDU consists of a crude unit furnace and an
atmospheric tower. First, the crude unit furnace partially vaporizes the
bottoms from the preflash. Then the atmospheric tower separates the
preflash bottoms into five cuts:

— Heavy naphtha (HNAPHTHA)

— Kerosene (KEROSENE)

— Diesel (DIESEL)

— Atmospheric gas oil (AGO)

— Reduced crude (RED-CRD)

Reduced crude goes to the vacuum distillation unit (VDU) for further
fractionation under vacuum conditions. The VDU consists of a vacuum unit
furnace and vacuum tower. The vacuum tower produces the following
additional cuts:

— Overhead (OFF-GAS)

— Light vacuum gas oil (LVGO)

— Heavy vacuum gas oil (HVGO)

— Asphaltic residue (RESIDUE)

1 Blending Crude and Petroleum Fractions 11



Table 1.1: OIL-1 (API = 31.4)

TBP Distillation

Light Ends Analysis

API Gravity Curve

Liq. Vol. | Temp. Component [Liq. Vol{Mid. Vol. |Gravity
% (F) Frac. |%
6.8 130.0 Methane 0.001 5.0 90.0
10.0 180.0 Ethane 0.0015 |10.0 68.0
30.0 418.0 Propane 0.009 15.0 59.7
50.0 650.0 Isobutane 0.004 20.0 52.0
62.0 800.0 N-Butane 0.016 30.0 42.0
70.0 903.0 2-Methyl-Butane |0.012 40.0 35.0
76.0 1000.0 N-Pentane 0.017 45.0 32.0
90.0 1255.0 50.0 28.5
60.0 23.0
70.0 18.0
80.0 13.5

Table 1.2: OIL-2 (API

TBP Distillation

Light Ends Analysis

= 34.8)

API Gravity Curve

Liq. Vol. % |Temp. (F) |Component [Liq. Vol. [Mid. Vol. |Gravity
Frac. %
6.5 120.0 Water 0.001 2.0 150.0
10.0 200.0 Methane 0.002 5.0 95.0
20.0 300.0 Ethane 0.005 10.0 65.0
30.0 400.0 Propane 0.005 20.0 45.0
40.0 470.0 Isobutane 0.01 30.0 40.0
50.0 550.0 N-Butane 0.01 40.0 38.0
60.0 650.0 2-Methyl- 0.005 50.0 33.0
Butane
70.0 750.0 N-Pentane 0.025 60.0 30.0
80.0 850.0 70.0 25.0
90.0 1100.0 80.0 20.0
95.0 1300.0 90.0 15.0
98.0 1475.0 95.0 10.0
100.0 1670.0 98.0 5.0

Starting Aspen Plus

To Start Aspen Plus

1 From your desktop, select Start and then select Programs.

2 Select AspenTech | Aspen Engineering Suite | Aspen Plus 2004.1 |
Aspen Plus User Interface.

1 Blending Crude and Petroleum Fractions
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The Aspen Plus Startup dialog box appears. Aspen Plus displays a
dialog box whenever you must enter information or make a selection
before proceeding. In this simulation, use an Aspen Plus template.

To Select the Template Option

3

Select the Template option and click OK.
The New dialog box appears.

Specify the Application Type and the Run Type for the new run. Aspen
Plus uses the Application Type you choose to automatically set various
defaults appropriate to your application. For this simulation, use the

Petroleum with English Units template and the Assay Data Analysis Run

Type.

To Specify the Application Type and
Run Type

Select the Petroleum with English Units template.

Click EI in the Run Type field to display the available run types.
Select Assay Data Analysis to specify an Assay Data Analysis/PCS run.
Click OK to apply these options.

@’ Note: If the Connect to Engine dialog box appears, see Chapter

Wait a few seconds while Aspen Plus starts.

The Aspen Plus graphical workspace is shaded because you do not use a
graphical simulation flowsheet in specifying an Assay Data Analysis run.

Use the Aspen Plus expert guidance Next function to take you to the next
required input specification.

In the toolbar, click IEI

The Setup | Specifications | Global sheet appears.

Specifying Title and Global
Options

The Setup | Specifications | Global sheet displays the defaults Aspen Plus
uses for other forms. Use this sheet to:

Specify a title for your simulation.

Review the global settings that were set when you selected the Petroleum
with English Units application type.

1 Blending Crude and Petroleum Fractions 13



It is always good practice to describe your simulation by entering a title for

Note: The run type Assay Data Analysis is already selected. You do

not need to change this field.

the simulation.

1 In the Title field, enter Getting Started With Petroleum -Simulation 1.

Since you chose the Petroleum with English Units application type when
you started this simulation, Aspen Plus has set the following global

defaults for input specifications:

ENGPETRO units (English Engineering units appropriate for Petroleum
applications, such as volume flow in barrels per day)

StdVol flow basis for all flow inputs
Free-water calculations

The sheet is complete, and all the defaults set by the Petroleum with

English Units application type are appropriate for this simulation:

JEIuhaIIJDescriptiDnl Accounting I Diagnostics I

Title: IGetting Started ‘with Petroleurn - Simulation 1

— Unitz of meazurement — Global zettings

[nput data; EHEF‘ETH Run type:
Output rezultz; IENGP‘ET TI [Fput mode:

Stream clazs:
Flonw basis:
Ambient pregsure:;
Ambient temp:
Yalid phazes:

Free water:

Azzay Data Analyziz j

Steady-State j
CONVEM #]
Sty fa
1469595 |psi 7]
50 P

j
es j

2 Click El to continue.

The Components | Specifications | Selection sheet appears.

1 Blending Crude and Petroleum Fractions
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Specifying Components

Use the Components Specifications Selection sheet to specify components
for the simulation.

1 Enter the following component IDs and component names:

Component ID Component Name
H20 WATER

C1 METHANE

Cc2 ETHANE

C3 PROPANE

IC4 ISOBUTANE

NC4 N-BUTANE

IC5 2-METHYL-BUTANE
NC5 N-PENTANE

You will also define two crude assays, OIL-1 and OIL-2.
2 In the next Component ID field, enter OIL-1.

3 In the Type field for OIL-1, click EI and select Assay.

4 In the next Component ID field, enter OIL-2 and identify it as an Assay, in
the same way as you did for OIL-1.

The Components Specifications sheet is complete:

'S election |+ Petraleum | MHonconventiohal | +f Databanks |

— Define components
Cormponent 1D Tupe Compaonent hane Farmula

Hz20 Corventional ATER Hz0
-1 Corwventional  [METHAME CH4
C2 Corventional  [ETHAME C2HE
3 Corventional  PROPAME C3HE
IC4 Conventional  ISOEUTAME C4H10-2
HC4 Corventional  [M-EUTANE C4H101
ICh Corventional  |[2-METHYL-BUTAMCEHT2-2
MCE Corventional  [M-PEMTANE CEH121
Q1L-1 Azzay

p OIL-2 Agzay

*

Find Elec Wizard Ilzer Defined Reorder Review

1 Blending Crude and Petroleum Fractions 15



5 Click IE' to continue.
The Components | Assay/Blend | OIL-1 | Basic Data | Dist Curve

sheet appears.

Entering Assay Data

On the Dist Curve sheet, enter the laboratory assay data for OIL-1 (Table

1.1).

Specify the Distillation Curve for OIL-1

1 In the Distillation curve type field, click E‘ and select True boiling point
(liquid volume basis).

Note: Select True boiling point to indicate that you are entering
data for a TBP curve on a standard liquid volume basis.

2 In the Bulk gravity value area, select the API gravity option.
3 In the API gravity field, enter 31.4.

4 In the Percent Distilled and Temperature columns, enter the following
TBP distillation values for OIL-1:

Percent Distilled

Temperature F

6.8 130
10.0 180
30.0 418
50.0 650
62.0 800
70.0 903
76.0 1000
90.0 1255

1 Blending Crude and Petroleum Fractions 16



The Components | Assay/Blend | OIL-1 | Basic Data | Dist Curve

sheet is complete:

 Diigt Euwel Light Erds | GrawityUOPK, | M alecuilar Wit | Optional |

— Diigtillation curve

Distillation curve type:

True boiling point [liguid wolume basziz) j |

Pressure. 01923358 [psi =] ~F

Percent
distilled

Bulk. gravity walue

30.0 413
" Specific gravity B0.0 R0
% AP gravity 4 E2.0 =00
F0.0 03
6.0 1000
a0.0 1265

=

Specify the Light Ends Data for OIL-1

5 Select the Light Ends sheet.

Use this sheet to enter light ends analysis data, given as a fraction of the

assay mixture.

6 In the Component and Fraction (StdVol) fields, enter the following light

ends analysis data:

Component Fraction StdVol
C1 0.001

C2 0.0015

C3 0.009

IC4 0.004

NC4 0.016

IC5 0.012

NC5 0.017

1 Blending Crude and Petroleum Fractions
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The OIL-1 | Basic Data | Light Ends sheet is complete'

Light endsz fraction:

— Light endz analyziz

..........

l—

Component Fraction Gravity Mnlgcular
mtd'v’cul - wiight

C1

C2 0.0015

e 0.009

IC4 0.004

HC4 0.016

ICh 0012

rCH 0017

=

SpeC|fy the API Gravity Data for OIL-1

Select the Gravity/UOPK sheet.
The OIL-1 | Basic Data | Gravity/UOPK sheet appears.
In the Type field, select the API gravity option.

API gravity curve data:

Mid Percent Distilled API Gravity
5.0 90.0
10.0 68.0
15.0 59.7
20.0 52.0
30.0 42.0
40.0 35.0
45.0 32.0
50.0 28.5
60.0 23.0
70.0 18.0
80.0 13.5

In the Mid percent distilled and API gravity fields, enter the following

1 Blending Crude and Petroleum Fractions
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The OIL-1 | Basic Data | Gravity/UOPK sheet is complete:

— Tupe
" Specific gravity AP gravity - UOPK
— &P gravity curve data
Bulk. value: |31 4
Mid percent | AP gravity
dizhillzd
500 285 ;I
B0.0 23
7.0 14
=00 135
¥ =

10 Click El to continue.

The OIL-2 | Basic Data | Dist Curve sheet appears.

Specify the Distillation Curve for OIL-2

1

In the Distillation Curve Type field, click EI and select True boiling
point (liquid volume basis).

In the Bulk gravity value field, select the API gravity option.
In the API gravity field, enter 34.8.

In the Percent distilled and Temperature fields, enter the following TBP
distillation values:

Percent Distilled | Temperature F
6.5 120.0
10.0 200.0
20.0 300.0
30.0 400.0
40.0 470.0
50.0 550.0
60.0 650.0
70.0 750.0
80.0 850.0
90.0 1100.0
95.0 1300.0
98.0 1475.0
100.0 1670.0

The OIL-2 | Basic Data | Dist Curve sheet is complete.

19
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SpeC|fy the Light Ends Data for OIL-2
Select the Light Ends sheet.
The OIL-2 | Basic Data | Light Ends sheet appears.

6 In the Component and Fraction (StdVol) fields, enter the following light
ends analysis data:

Component | Fraction StdVol
H20 0.001

C1 0.002

C2 0.005

C3 0.005

IC4 0.01

NC4 0.01

IC5 0.005

NC5 0.025

The OIL-2 | Basic Data | Light Ends sheet is complete.

SpeC|fy the API Gravity Data for OIL-2

Select the Gravity/UOPK sheet.
The OIL-2 | Basic Data | Gravity/UOPK sheet appears.

In the Type field, select the API gravity option.

In the Mid percent distilled and API gravity fields, enter the following
API gravity curve data:

Mid Percent Distilled API gravity
2.0 150.0
5.0 95.0
10.0 65.0
20.0 45.0
30.0 40.0
40.0 38.0
50.0 33.0
60.0 30.0
70.0 25.0
80.0 20.0
90.0 15.0
95.0 10.0
98.0 5.0

The OIL-2 | Basic Data | Gravity/UOPK sheet is complete.

1 Blending Crude and Petroleum Fractions 20



10 Click IEl to continue.
The Required ADA/PCS Input Complete dialog box appears.

Required ADA/PCS Input Complete |

o to the Mest required step, or supply any of the
optional specification lizted.

& Go to Mext required input step

= Modify azzay/blend specifications

™ Modify petraleun property definition

i~ Specify azzay data analyzis procedure

™ 5pecify options for generating pzeudocomponents

™ Enter jndividual pzeudocomponent specifications

Cancel |

Blendlng the Oils

On the Required ADA/PCS Input Complete dialog box, select Modify
assay/blend specifications and click OK.

The Components | Assay/Blend object manager appears.
2 Click New.

The Create new ID dialog box appears.
3 In the Enter ID field, enter MIXOIL.

4 In the Select type field, click E‘ and select BLEND.
5 Click OK.

The Components | Assay/Blend | MIXOIL | Mixture | Specifications
sheet appears. Use this sheet to define the fractions for each crude oil in
the blend.

In the Assay ID column, click E and select OIL-1.

In the Fraction (StdVol) field, enter 0.20.

N O

In the next row of the Assay ID column, click E and select OIL-2.
In the Fraction (StdVol) field, enter 0.80.
The MIXOIL | Mixture | Specifications sheet is complete:

© 0
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J5 pecificatiunsl

—Azzay blending fraction — Report diztillation curve as
Azzay D Fraction [T &5TMDEE
[stval =] ™ ASTM D160
QIL-1 02

[ Wacuum [liguid volume]

oIL-2 0.2

10 Click El to continue.
The Required ADA/PCS Input Complete dialog box appears.

Generating Pseudocomponents

By default, Aspen Plus generates a set of pseudocomponents for your
simulation based on all the assays and blends in your simulation. However, in
this simulation, the pseudocomponents should be based on the blend only.

1 From the Required ADA/PCS Input Complete dialog box, select Specify
options for generating pseudocomponents and click OK.

The Petro Characterization | Generation object manager appears.
2 Click New.
The Create new ID dialog box appears.
3 In the Enter ID field, enter CRUDE and click OK.
The Petro Characterization | Generation | CRUDE | Specifications
sheet appears.

4 In the Assay/Blend ID field, click EI and select MIXOIL.

Note: The Weighting factor field automatically updates with the
proper value based on the Assay/Blend ID you selected.

The Specifications sheet is complete.
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— Select azzap/blends to be included:

Azzap/Blend D “weighting
factar

p | ME<DIL 1

— Pzeudocomponent property options

Froperty method: ASPEM j

Click El to continue.
The Required ADA/PCS Input Complete dialog box appears.

From the Required ADA/PCS Input Complete dialog box, select the
default, Go to Next required input step and click OK.

The Required Properties Input Complete dialog box appears.
Click OK.

The Required Assay Data Analysis/Pseudocomponent Generation
Input Complete dialog box appears.

Running the Simulation

You have entered the data and specifications for this simulation, and can now
run the Assay Data Analysis.

1

In the Required Assay Data Analysis/Pseudocomponent Generation
Input Complete dialog box, click OK.

The Control Panel window appears. The Control Panel allows you to
monitor and interact with the Aspen Plus simulation calculations.

As Aspen Plus performs the analysis, status messages display in the
Control Panel. The message Results Available appears in the status bar at
the bottom of the main window.

Examine the results of your analysis.

Examining Results

An ADA run calculates a wide variety of properties for the assays, blends, and
generated pseudocomponents.
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For this simulation, review pseudocomponent properties and TBP curves for

the oils and the blend.

1 From the Control Panel, click .

The Results Summary | Run Status | Summary sheet appears. It

indicates that calculations were completed normally. The main properties

for each pseudocomponent appear on the Components | Petro

Characterization | Results | Summary sheet.

2 Use the Data Browser menu tree to navigate to the Components | Petro
Characterization | Results form.

The Summary sheet appears.

3 Use the horizontal and vertical scrollbars at the bottom and right of the
sheet to scroll through the component properties.

Fetro Fraperties I Yisaasity I
Fzeudocomponentz| Mormal BP | AR Gravity | Specific IJOPE,
aravity
I F - I

b 120089471 [81.8332787 066328142 (125714328 ﬂ
FC138F 13770431 [F7 4601986 (067716245 [12437205
FC163F 162680744 (20614456 (069512181 (122824268
FC188F 187729121 [67.2545235 |0.71193348 (121511667
FC213F 212976267 (624253273 07296623 (120080835
FC238F 238262494 [(F.3528678 074926053 [11.8387262
] | | Q2409 FE B Q2 Qo 10 0000 49 SO 00 il
K1 I

Plotting Distillation Curves

Plot the TBP curves for the blend and each crude oil in a single plot. The
results for each assay or blend appear on the Components | Assay/Blend |
assay/blend name | Results sheet.

To Locate the Curve Data for OIL-1

1 Use the Data Browser menu tree to navigate to the Components |
Assay/Blend | OIL-1 | Results form

The Light Ends Analysis sheet appears.

24
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2

i Light Ends Analpsiz | Feeudocomp Breakdown | Curves |

Specific gravi: [0.58213162  Densily: 3®.2497261 [Ib/cuit =]
AP grawity: m talecular w; m
Comporent Wolume percent | Weight percent|  Mole fraction
of agzay of agzay

1 01 003457145 003161354 -

C2 015 0067 45202 0023328087 j

C3 09 05256157 017486383

IC4 0.4 0. 2591945 [0 0ER42002

[ATae] 1E 1 07541199 0 271ERR] A
JT otal E.05 4 05453574 1 |

Select the Curves sheet.
The Curves sheet for OIL-1 appears.

Light Endz Analysiz I Pseudocomp Breakdown | Curves |

Specific aravity: [0.868B3106  Density 540902478 [lb/cut v
AP gravity: T b olecular wi:
Percent distiled | True boiling pt
[liquid walurme]
—
Pres: PSI 14.6959488
] -46,5201 .38 ﬂ
] 94. 7012928
10 180
20 418 |

To Plot the TBP Curve

3

N & un b~

Select the Percent distilled column.

From the Aspen Plus menu bar, select Plot | X-Axis Variable.
Select the True boiling pt. (liquid volume) column.

From the Aspen Plus menu bar, select Plot | Y-Axis Variable.

From the Aspen Plus menu bar, select Plot | Display Plot.
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The Components Assay/Blend Oil-1 Results Curves - Plot window
appears.

To Label This Curve for OIL-1

8 Double-click the legend box.
The Plot Legend Box dialog box appears.

9 Select True boiling pt (vol). True boiling pt (vol) appears in the Legend
Text field.

10 In the Legend Text field, delete True boiling pt (vol) and enter TBP for
OIL-1.

11 Click Replace, then click OK.

Now that you have plotted and labeled one curve, you can add the other
curves to the plot.

To Plot the TBP Curve for OIL-2

1 From the Data Browser, open the OIL-2 | Results form, and select the
Curves sheet.

The Curves sheet for OIL-2 appears.

Light Endz Analyziz | Pzeudocomp Breakdown Curves |
Specific gravity: |0.85097192 Density: 529843738 |Ib/cuft v |
AP granity: 34.8 tdalecular w:
Percent distiled | True boiling pt
[liquid wolume]
F =
Fres: PSI 14 6959483
] -93 585454 ﬂ
] 788137355
10 200
a0 400 A

2 Select the Percent distilled column.
3 From the Aspen Plus menu bar, select Plot | X-Axis Variable.
4 Select the True boiling pt. (liquid volume) column.

5 From the Aspen Plus menu bar, select Plot | Y-Axis Variable.
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To Add This Curve to the Plot
Containing the Curve for OIL-1

6 From the Aspen Plus menu bar, select Plot | Add New Curve.
The Plot Window List dialog box appears.

7 Select Components Assay/Blend OIL-1 Results Curves, and click OK.
The OIL-2 curve appears on the plot.

To Label This Curve for OIL-2

8 Double-click the legend box.
The Plot Legend Box dialog box appears.

9 Select True boiling pt (vol). True boiling pt (vol) appears in the Legend
Text field.

10 In the Legend Text field, delete True boiling pt (vol) and enter TBP for
OIL-2.

11 Click Replace, then click OK.

To Plot the BLEND Curve

1 In the Data Browser, open the MIXOIL | Results form, and select the
Curves sheet.

The MIXOIL | Results | Curves sheet appears.

Light Endz Analyziz I Pzeudocomp Breakdown Curves | Blend Fraction
Specific gravity: |0.85442375 Density: 532055486 |Ib/cut x|
AP gravity: 341086593 b olecular wi:
Percent distiled | True boiling pt
[liquid walurme]
—
Pres: PS5l 14 6953483
] -93.585454 ﬂ
] 0. 6384804
10 194939523
20 402747953 |- |

2 Select the Percent distilled column.
3 From the Aspen Plus menu bar, select Plot | X-Axis Variable.
4 Select the True boiling pt. (liquid volume) column.

5 From the Aspen Plus menu bar, select Plot | Y-Axis Variable.
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To Add This Curve to the Plot

6 From the Aspen Plus menu bar, select Plot | Add New Curve.
The Plot Window List dialog box appears.

7 Select Components Assay/Blend OIL-1 Results Curves, and click OK.
The MIXOIL curve appears on the plot.

To Label This Curve for MIXOIL

8 Double-click the legend box.
The Plot Legend Box dialog box appears.
9 Select True boiling pt (vol).

10 In the Legend Text field, delete True boiling pt (vol) and enter TBP for
Blend.

11 Click Replace, then click OK.

Now you have all three curves in one plot window, but there are some
things you can do to make the plot look nicer.

To Combine Y-Axes
1 Double-click on the plot.
The PfsPlot 2004.1 Control Properties dialog box appears.
2 Select the AxisMap sheet.
3 Click All in One and then click OK.

To Rename the Plot
4 Double-click the Components Assay/Blend OIL-1 Results Curves title.
The Plot Text Setting dialog box appears.

5 In the Title text field, delete the text and enter TBP Curves for Crude Oils
and Blend.

6 Click OK.

As the completed plot shows, the TBP curve for the blend is between the
curves for each oil. Curve locations depend on the proportions of the two
oils you define for the blend:
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Creating a Backup File

Once satisfied with your Assay Data Analysis results, save this simulation as a
backup file. This allows you to use the developed assay data analysis in
another Aspen Plus simulation.

1 From the Aspen Plus menu bar, select File | Save As.

The Save As dialog box appears.

2 In the Save as type field, click EI and select Aspen Plus Backup Files
(*.bkp).
3 In the File name field, enter BLEND and click Save.

]?’ Note: Your working directory appears in the Save in field.

The Aspen Plus dialog box appears and offers you the opportunity to
save the simulation as an Aspen Plus Document file.

4 Click No.

Exiting Aspen Plus
1 From the Aspen Plus menu bar, select File | Exit.
The Aspen Plus dialog box appears.

2 Click Yes to save the simulation.
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The Aspen Plus dialog box appears and offers you the opportunity to
save the simulation as an Aspen Plus Document file.

3 Click No.
@ Note: The Chapter 2 simulation uses this run as the starting point.
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2 Adding a Preflash Tower

In this simulation, add a preflash tower to the simulation and specify options
for pseudocomponent generation.

You will:

Define the flowsheet graphically.

Specify properties, feed streams, and preflash tower.

Modify cuts specifications for pseudocomponents generation.
Run the simulation.

Examine simulation results.

Allow about 45 minutes to complete this simulation.
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Preflash Tower Flowsheet

Figure 2.1 shows the process flowsheet for this simulation. The process feed,
consisting of the oil blend, goes first to the preflash furnace where it is
partially vaporized. The partially vaporized feed then enters the preflash
tower. Model the tower and the furnace simultaneously with a single
PetroFrac block.

Steam feeds to the bottom of the tower. The tower produces a wide naphtha
cut as a distillate product.

FREFLASH

= MLXCRUDE
o FF-STEAM
CDU-FEED o

Figure 2.1 Flowsheet for Preflash Tower

Simulate the tower with 10 theoretical stages, no reboiler, and a partial
condenser. The condenser operates at 170 F and 39.7 psia, with a pressure
drop of 2 psi. The tower pressure drop is 3 psi.

The tower is stripped with open steam in the bottom. The steam stream is at
400 F and 60 psia, and has a flow rate of 5,000 Ib/hr. The furnace operates at
a pressure of 50 psia and a temperature of 450 F. The distillate rate is
estimated at 15,000 bbl/day. Its value is manipulated to produce a wide
naphtha cut with an ASTM 95% temperature of 375 F.
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Startlng Aspen Plus

From your desktop, select Start | Programs.

2 Select AspenTech | Aspen Engineering Suite | Aspen Plus 2004.1 |
Aspen Plus User Interface.

The Aspen Plus Startup dialog box appears. Aspen Plus displays a
dialog box whenever you must enter information or make a selection
before proceeding. In this simulation, use an Aspen Plus template.

Opening an Existing Run

Opening the Assay Data Analysis

Simulation Created in Chapter 1

1 In the Aspen Plus Startup dialog box, select the Open an Existing
Simulation option.

2 In the list, select blend.bkp and click OK.

If Your Saved File blend.bkp Does Not
Appear

In the list on the Aspen Plus Startup dialog box, double-click More
Files.

The Open dialog box appears.
2 Navigate to the directory containing your saved blend.bkp file.

3 Select blend.bkp from the list of files, and click Open.

If You Did Not Create blend.bkp

If you did not create the assay data analysis simulation in Chapter 1, open
the backup file blend.bkp in the Examples folder.

1 In the list on the Aspen Plus Startup dialog box, double-click More
Files.

The Open dialog box appears.

2 Click .

By default, the Favorites list contains five folders that are provided with
Aspen Plus.

3 Double-click the Examples folder.
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4

Select the blend.bkp file, and click Open.
@’ Note: If the Connect to Engine dialog box appears, see Chapter
6.

The Aspen Plus window appears.

Saving a Run Under a New
Name

Before you create a new run adding a preflash tower, create and save a copy
of BLEND with a new Run ID, PREFLASH. Then make modifications under this

new Run ID.

1 From the Aspen Plus menu bar, select File | Save As.
The Save As dialog box appears.

2 Select the directory where you want to save the simulation.

3 In the File name field, enter PREFLASH.

4 In the Save as type field, click EI and select Aspen Plus Backup Files
(*.bkp).

5 Click Save to save the simulation and continue.
The Aspen Plus dialog box appears, asking if you want to save the
simulation as an Aspen Plus Document file.

6 Click No.

The current Run ID, PREFLASH, appears in the title bar.

Changing the Run Type

In Chapter 1, the BLEND run you performed was an Assay Data Analysis run.
In this simulation, perform a flowsheet simulation. First, you need to switch to
the Flowsheet run type.

1

2
3

In the Data Browser, open the Setup | Specifications| Global sheet.

In the Run type field, click EI and select Flowsheet.
In the Title field, enter Getting Started With Petroleum - Simulation 2.

The graphics workspace is now active and ready for you to build the
flowsheet. No more changes to this sheet are necessary.
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Turning Off Automatic Naming
of Blocks and Streams

Since you will enter your own block and stream IDs, turn off the default
options to create block and stream IDs automatically.

1 From the Aspen Plus menu bar, select Tools | Options.
The Options dialog box appears.
2 Select the Flowsheet tab.

3 Clear the checkboxes for the Automatically assign block name with
prefix and the Automatically assign stream name with prefix
options.

Since you have deselected these options, Aspen Plus will prompt you for
block and stream names.

e |

Gnd/S cale I Flotz I Styles I Advanced I Upward Compatibility |
Generall I:-:nmpl:unentDataI Fesults "-.r"iewl Fiun I Startup  Flowshest

— Str and Block, labelz

™ futomatically assign block name with prefis

v Dizplay block name

[ Automatically assign stream name with prefis:

\.Jf Dizplay stream name

e

v futomatically place blocks when importing:

™ Lock block spacing factar at: |2.5
Label zize zcale factor: I‘I

— Connection and Measurement display options

[ Display connection streams
¥ Display measurements |4l Blocks and Connections [~

| F, I Cancel Spply Help

4 Click OK to apply these changes.

You are ready to build your flowsheet. Figure 2.1 shows the process flow
diagram for this simulation. To review how to define a flowsheet
graphically, see Getting Started Building and Running a Process Model,
Chapter 2.
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Selecting a Distillation Model

Aspen Plus offers several distillation models. To determine which is
appropriate for the preflash tower, use prompts and online help.

1 Close the Data Browser. You are now in the Process Flowsheet window.
2 From the Model Library, select the Columns tab.
The list of available distillation columns appears.

3 Select different models within the Model Library and read the descriptions
in the Status bar.

From the prompts, it appears that PetroFrac is appropriate for this
petroleum problem. Obtain more extensive information on PetroFrac by
reading the online help:

4 Select the PetroFrac model.
5 Press F1 on the keyboard.

The Aspen Plus Help window appears, with detailed information about
the PetroFrac model.

6 Review this information to confirm that PetroFrac is the best choice, then
close the help window.

Defining the Graphical
Simulation Flowsheet

Now you will begin to build the process flowsheet by adding the preflash
distillation unit.

1 From the Model Library, select the Columns tab.

2 From the Columns tab, select PetroFrac (the unit operation model to
place in your process flowsheet).

To Choose a Different Icon for the
Model

3 Click next to the PetroFrac block icon to display all the PetroFrac
model icons.

4 Move the mouse over the icons to see a name (or label) for each.

5 Locate the PetroFrac icon PREFL1F in the first row of icons, and select it.
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Place the Preflash Tower on the
Flowsheet

6 From the Columns tab, select the PetroFrac icon and drag it to the
Process Flowsheet window.

7 Release the icon in the desired location within the flowsheet.
The Input dialog box appears.
8 In the Enter the Block ID field, enter PREFLASH and click OK.

Place the Streams on the Flowsheet

Connect and name the streams, as shown in Figure 2.1. Use the port
names shown below to connect to the appropriate port:

Stream Port
MIXCRUDE Main Column Feed
PF-STEAM Main Column Feed
LIGHTS Vapor Distillate from Main Column
PF-WATER Condenser Water Decant for Main Column
NAPHTHA Liquid Distillate from Main Column
CDU-FEED Bottoms Product from Main Column
Material [™
. STREARS
9 Click

When you move the mouse to the flowsheet, the stream ports appear.
10 Select the Main Column Feed port and select it to create a new stream.

11 Point to a blank part of the window where you want the feed to originate
and click.

The Input dialog box appears.
12 In the Enter the Stream ID field, enter PF-STEAM and click OK.

13 For the MIXCRUDE stream, click the feed port and then drag the mouse to
the desired location in front of the feed furnace before releasing the
button.

14 Create the remaining streams in similar fashion.

15 When all streams are complete, click IEl to continue.
The Flowsheet Complete dialog box appears.
16 Click OK.
The Properties | Specifications | Global sheet appears.
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Specifying Properties

Use the Properties | Specifications | Global sheet to select the
thermodynamic methods used to calculate properties such as K-values,
enthalpy, and density. Property methods in Aspen Plus are arranged
according to process types. The BK10 property method (Braun K-10 method)
is appropriate for most refining applications involving heavy petroleum
fractions and low pressures.

To Select the BK10 Property Method

1 In the Process type field, click EI and select REFINERY.

2 1In the Base method field, EI and select BK10.

Since you selected the Petroleum with English Units application type in
Chapter 1, Aspen Plus selected the appropriate defaults for petroleum
applications. Steam Tables (STEAM-TA) is the default method for
calculating free-water phase properties, as shown in the Free-water
method field. Aspen Plus also selected Method 2 for the water solubility
default, as shown in the Water solubility field. The Water solubility
option controls the method for calculating the solubility and K-value of
water in the hydrocarbon phase.

You do not need to change anything else on this sheet.

JGlobal| Flowsheet Sections | Referenced |

— Property methods & modelz

:

Froperty method: |BE10 *

Process type: REFIMERY = I
B aze method: BE10 vI — I Modify property models

Henmy components: vI Wapor ENS: E5SIG 'I
— Petroleum calculation options Data set: 1 3
Free-water method: |STEAR-TA "I Liguidigarnma: GMIDL jv
Wiater solubiliby: 2 "I Wata set; 1 3
[Liquid emthalpy: m

— Electrolyte calculation options Liguid vollme: m

I jv

¥ Use [Te-componetts

Chermistry [0
[T Povnting corection

I Heat of miving

3 Click IE' to continue.
The Required Properties Input Complete dialog box appears.

Correct representation of physical properties is essential to process
modeling. For many simulations, the only physical property specification
you must provide is to select an option set. The Required Properties
Input Complete dialog box is a reminder that the Aspen Plus physical
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property system has many optional capabilities that you can use to
increase the accuracy of physical property calculations.

Click OK.
The Streams | MIXCRUDE | Input | Specifications sheet appears.

Entering Stream Data

MIXCRUDE is the crude oil blend feed stream to the tower. Enter condition
and flow rates for the MIXCRUDE stream.

1

N &

o 0

In the Temperature field, enter 200.

The default units F (Fahrenheit) are correct for this simulation.
In the Pressure field, enter 60.

The default units (psi) are correct for this simulation.

In the Composition section, use the scrollbar to access the MIXOIL
component.

In the Value column of the MIXOIL component, enter 100000.
The Streams | MIXCRUDE | Input form is complete:

1|nJ'IS|J|£:-::il‘i-::atiu:.ns| Flazh Optionz | i 0] | Eamparent St | ED Options |
Substream name: IJ’ MIXED j Fef Temperature |
— State variables — Composition
ITemperature j IStdvnI-FIDW j I bbl/day j
IEDD I F j Camparent Walue
IF'ressure j E; ﬂ
E [ psi d [
WNC4
Total flow: | Stdvol | IC5
| bhl/day 4| NCS
MI=0IL 100000 ﬂ
Salvent: I j Tatal: IW

Click IEl to continue.

The PF-STEAM | Input | Specifications sheet appears. PF-STEAM is the

steam feed to the tower.
In the Temperature field, enter 400 F.

In the Pressure field, enter 60 psi.

In the Composition section, click EI and select Mass-Flow.

In the Value column of the H20 component, enter 5000 Ib/hr.
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The PF-STEAM | Input | Specifications sheet is complete.

10 Click El to continue.

Specifying the Preflash Unit

Use the Blocks | PREFLASH | Setup | Configuration sheet to enter
configuration and operating specifications for the column, including:

e Number of theoretical stages.
e Valid phases in the column.
e Distillate vapor fraction.

Specify Column Configuration

1 In the Number of stages field, enter 10 for ten theoretical stages.

2 In the Condenser field, click EI and select Partial-Vapor-Liquid. This
indicates that there is a partial condenser with both vapor and liquid

distillate.

In the Reboiler field, the default None-Bottom feed option is appropriate,

since the column has no reboiler and there is a bottom steam feed.

3 In the Distillate rate field, enter 15000 to specify an estimate for the

distillate rate of 15,000 bbl/day.

The distillate rate will be manipulated to achieve a specification on the

ASTM 95% temperature for the naphtha product.
The PREFLASH | Setup | Configuration sheet is complete:

J[Zunﬁguratiunlﬁii' Streaml Steam |G’F‘ressure|ﬁii'liundenser| Furnace |

— Setup optionz

Mumber of ztages: 'IEI_E

Condenzer: Partial apor-Liguid j
Fieboiler: Mione-Botorn feed j
alid phazes: W apor-Liquid-Free\s’ ater j

— Operating zpecific ations
Diiztillate rate j Stdwal j 15000 bbl/day

N ke

Ledled

4 Click IE' to continue.
The PREFLASH | Setup | Streams sheet appears.
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Specify Stream Locations

Enter feed locations and conventions for the PF-STEAM and MIXCRUDE

streams.
5 In the Stage column for PF-STEAM, enter 10.

6 In the Convention column for PF-STEAM, click E‘ and select On-Stage.

7 In the Stage column for MIXCRUDE, enter 10.

8 In the Convention column for MIXCRUDE, click EI and select Furnace to

indicate that a furnace is attached to the tower on stage 10. The feed
goes to the furnace first.

The PREFLASH | Setup | Streams sheet is complete:

o Configuration J'Stmamsl Steam | - F'ressurel w Condenszer | - Furnacel

—Feed streams

ame Stage Conyvention
k[=CRLUDE 10 Furnace
p [FF-STEAM 10 On-Stage

— Product streamsz

M ame Stage FPhaze Baziz Fla
LIGHTS 1 Wapar Stdvol ﬂ
FF4&/&TER 1 Free water Crdwal
NAPHTHA 1 Liquid Stdval
COU-FEED 10 Liquid Steval hd|

EIR &

9 Click IE' to continue.

Specify Column Pressure Profile

The PREFLASH | Setup | Pressure sheet appears. On this sheet, enter

the column pressure profile, or specify a top stage pressure and a
pressure drop or the rest of the column.

10 In the View field, click E and select Top/Bottom.

11 Enter the following pressure profile data:

Top Stage / Condenser Pressure 39.7 psi
Stage 2 Pressure 41.7 psi
Bottom Stage Pressure 44.7 psi

The PREFLASH Setup Pressure sheet is complete.

12 Click IE' to continue.

2 Adding a Preflash Tower

41



Specify Condenser Temperature
The PREFLASH | Setup | Condenser sheet appears.

13 Select the Temperature option.

14 In the Temperature field, enter a value of 170 F.
The PREFLASH | Setup | Condenser sheet is complete.

15 Click IEl to continue.

Specify Furnace Configuration
The PREFLASH | Setup | Furnace sheet appears.
16 Select the Single stage flash option to specify the furnace type.
17 In the Furnace specification field, click EI and select Furnace
temperature.
18 In the Furnace temperature field, enter 450 F.
19 In the Furnace pressure field, enter 50 psi.

These specifications model the furnace as a single-stage flash at the
specified conditions.

The PREFLASH | Setup | Furnace sheet is complete:

o Configuratian | 1».I"Stnaamsl Steam | 1».I"F'nassunal o Condenser +Furnace

— Furnace type
" Stage duty on feed stage
{* Single stage flash
" Single stage flazh with liquid runback

— Furace specification Furnace pressure

|50 lesi

Furmace temperature

=
i I -

20 Click IEl to continue.
The Required Input Complete dialog box appears.
21 Click Cancel.
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Create Design Specification

Next, you need to set up a design specification for the product quality of the
naphtha stream, using the ASTM 95% temperature. Manipulate the distillate
rate to achieve this target.

1 From the Data Browser, select the PREFLASH | Design Specs folder.
The Design Specs object manager appears.

2 Click New.
The Create new ID dialog box appears.

3 In the Create new ID dialog box, click OK to accept the default ID of 1.
The Design Specs | 1 | Specifications sheet appears.

4 Enter the following information for the naphtha product design
specification:

Type ASTM D86 temperature (dry, liquid volume basis)
Target 375 F
Liquid % 95

5 Click IEl to continue.
The Design Specs | 1 | Feed/Product Streams sheet appears.

6 From the Available streams column, select the NAPHTHA stream and
click to move the stream to the Selected stream column.

7 Click IEl to continue.
The Design Specs | 1 | Vary sheet appears.

8 In the Type field, click EI and select Distillate flow rate.

9 Click IEl to continue.
The Required Input Complete dialog box appears.
10 Click Cancel.

Modifying Pseudocomponents

In Chapter 1, Aspen Plus generated all pseudocomponents using default
options. In this simulation, modify the number of pseudocomponents
generated for different temperature ranges.

1 From the Data Browser, select the Components | Petro
Characterization | Generation folder.

The Generation object manager appears.
2 Select the CRUDE line and then click Edit.
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The CRUDE | Specifications sheet appears.
3 Select the Cuts sheet.

4 In the Option for cut specifications field, click EI and select Range and
increments.

5 Enter the following temperature ranges and increments to generate
pseudocomponents for this problem. Note that Lower temperature is
filled in automatically for rows beyond the first.

Lower temperature | Upper temperature Increment
100 800 25

800 1200 50

1200 1400 100

1400 1640 120

The CRUDE | Cuts sheet is complete:

o Specilications W Cuts | M aming Optioks |

— Pzeudocomponent options

O ption far cut specifications: Range and increments j

FPzeudocomponent generation ophion: "I

— Range and increment pzeudocomponent data

Lower Ilpper Mumber of | Increment
ternperature | termperature cuks
o e
100 200 25 ﬂ
200 1200 ]
1200 1400 100
1400 1640 120 :l

6 Click IEl to continue.

The Required ADA/PCS Input Complete dialog box appears.
7 Click OK.

The Required Input Complete dialog box appears.

Running the Simulation

1 From the Required Input Complete dialog box, click OK.
The Control Panel appears.

As the run proceeds, status messages appear in the Control Panel. It
takes several seconds for Aspen Plus to process input specifications and
perform the simulation. When the calculations finish, the message Results
Available appears in the status bar at the bottom of the main window.
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2 Use the vertical scroll bar to see the messages.

3 When the Results Available message appears in the toolbar, click at

the top right corner of the Control Panel to close it.

4 From the Data Browser, click to close the Data Browser.

5 Examine the results of your run.

Examining Simulation Results

Aspen Plus produces a wide variety of simulation results. In this simulation
examine:

e Condenser duty.
Distillate rate.
Temperature profile.
Crude TBP curves.

Condenser duty results appear on the PREFLASH Results Summary sheet.

To Examine Summary Results

1 From the Process Flowsheet window, select the PREFLASH icon.
2 Right-click to display the menu and select Results.

The PREFLASH | Results Summary | Summary sheet appears,
providing a summary of all condenser and bottom stage results.

Summary | Balance | Fumace | FumacevK | Ubiliies | Stipper i 4 | »]

Wi I Condenzer / Top stage j B asis: Im
— Condenszer / Top stage perfarmance
T emperature; 169.9339311 |F j
Pressurne: 9.7 pi j
Heat duly: 63397623 [MMBiuhe |
Subcooled duty; j
Driztillate rate: 235222939 | lbrnal b j
Rieflus rate: BOB.42127 [bmolthr v |
Rieflus ratic: 034283396
Free water distillate rate: 222948257 | lbrnol b j
Free water reflus ratic: o

To Examine Distillate Rate Results

Distillate rate results appear on the PREFLASH | Design Specs | 1 |
Results sheet.
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From the Data Browser, click the + beside the Design Specs folder and

then select

1.

The Design Specs | 1 | Specifications sheet appears.

Select the Results sheet.

The Results sheet appears, providing the distillate rate value that Aspen
Plus calculated to satisfy the design specification.

o Specifications I Components I o Feed/Product Streanns I JSYan  Results

— Design zpe
Type:

T arget;
Errar:

[ualifiers:

cification
DEET
375 F E
0.00123816 [F =l
STREAM: MAPHTHA
LWPLT: 3.500000000+01

Type:

Final walue:

—Adjusted vaniable
DISTILLATE RATE OF MAIN COLUMN
20227.1383 II:.I:.Ia’day

X

The temperature profile for the column appears on the PREFLASH |

Profiles | TPFQ sheet.

To Examine the Temperature Profile
5 From the Data Browser, select the Blocks | PREFLASH | Profiles.

The PREFLASH | Profiles | TPFQ sheet appears.
TPFQ I Compositions I kA alues I Huydraulics I Effiziencies I Frope 4 I PI

it I Summary j B asiz: I kol vI
— Prafiles
Stage| Temperature|  Pressure Heat duty | Liguid flow | Wapor fl
[F =llfesi =l mmrun =]l ibmotte =]{[iomolhe
1 169.995311 |39.7 53397623 [2B57 97698 EDD.E?EEﬂ
2 340340125 |41.7 1] 763847358 [3381.601
3 376053202 42075 ] T2B. 129082 [3244.025
4 J88.7ER146 |42.45 1] E3E.971166 [3201.305
] 395.308324 42825 1] BR3.824792 [3262.148 _I
fml "'\:ﬁ o L T ) e 1 fwl fmlaTu il eial FuTelsl CulalaTul ﬁﬂ
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Plotting Results

To Plot the Temperature Profile

1 From the Aspen Plus menu bar, select Plot | Plot Wizard.

The Plot Wizard Step 1 dialog box appears.

2 o 1]

The Plot Wizard Step 2 dialog box appears.

M et
3 Select the Temp plot type and click .

The Plot Wizard Step 3 dialog box appears.

a oo 1]

The Plot Wizard Step 4 dialog box appears.
5 Click Finish.
The temperature profile plot appears.

il Block PREFLASH: Temperature Profile {Main column) - Plot

]

45

H[=] E3

Block PREFLASH: Temperature Profile (Main column)

| ———— Temperature F

400

perature F
300 380

Tem

250

200

1 2 3 4 5 B 7
Stage

6 Follow the same steps to display any other column profile.

You may want to close some forms to make space for the new plots.
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To Plot TBP Curves for PREFLASH Feed
and Product Streams

The true boiling point curves appear on the Stream Results | Vol.% Curves
sheet.

1

From the Data Browser, select the PREFLASH | Stream Results form.
The PREFLASH | Stream Results | Material sheet appears.
Select the Vol.% Curves sheet.
The Stream Results Vol.% Curves sheet appears.
b aterial | Heat | Load  Wol % Curves I it % Cunves | Petra, EL’"LI_'I

Curve wiew: I TEP curve j Fressure: Iﬁ

Steams v | [MIXCRUDE = |[[UGHTS = |[[MAPHTHA ~]
Yalurne 3 IF jIF jIF |

0 -9, 705387 -300.35593 -02.183387 -

a 97 6304343 -211. 2186 323740442 j

10 196097024 -133.31464 57 8814455

30 402 937278 -4 4313124 172 482559

alll REE. 944941 35 6334068 244 954542 - |

1] r

To Select CDU-FEED and MIXCRUDE as
Dependent Variables

3
4

© 00 N &

Click at the top of the CDU-FEED column to select the column.

Use the horizontal scrollbar, if necessary, to locate the MIXCRUDE
column.

At the same time, press Ctrl and select the MIXCRUDE column to select
the column.

At this time, both the MIXCRUDE and CDU-FEED columns should be
highlighted.

From the Aspen Plus menu bar, select Plot | Y-Axis Variable.
Select the Volume % column.
From the Aspen Plus menu bar, select Plot | X-Axis Variable.

From the Aspen Plus menu bar, select Plot | Display Plot.

10 Aspen Plus displays the following plot:
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il Block PREFLASH (PetroFrac) Stream Results Yol.% Curves - Plot I [im]

Block PREFLASH (PetroFrac) Stream Results Vol.% Curves

2000

———C——— True bailing pt COU-FEED
——+— True hailing pt MXCRUDE

1000 1500

500

TEMPERATURE F

| | | | | | | | | |
a 10 20 30 4D 0 BD 70 B0 o0 100
Volume percent

As expected, the preflash tower removes a significant portion of the light
material from the process feed. This reduces the load for the subsequent
atmospheric crude unit and increases overall process capacity.

11 When finished viewing the plot, close the plot window.

EX|t|ng Aspen Plus

From the Aspen Plus menu bar, select File | Exit.
The Aspen Plus dialog box appears.
2 Click Yes to save the simulation.

The Aspen Plus dialog box appears and offers you the opportunity to
save the simulation as an Aspen Plus Document file.

3 Click No.

The Chapter 3 simulation uses this run as the starting point.
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3 Adding an Atmospheric

Crude Distillation Unit

In this simulation, add an atmospheric crude distillation unit to the simulation
you ran in Chapter 2.

You will:

e Add the atmospheric crude distillation unit to the flowsheet.

e Specify additional feed streams.

e Specify the atmospheric crude distillation unit.

e Run the simulation.

e Examine the results.

Allow about 45 minutes to complete this simulation.
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Atmospheric Crude Distillation
Unit Flowsheet

Figure 3.1 shows the process flowsheet you are developing in this simulation.
The topped crude from the preflash tower goes first to the crude furnace,
then to the atmospheric tower. Model the crude furnace and the atmospheric
tower units together, using a single PetroFrac block. This approach enables
you to adjust furnace variables to achieve certain tower specifications, such
as the overflash.

The tower has:

e A total condenser.

e Three coupled side strippers.

e Two pumparound circuits.

FREFLASH

g CUMWATER oo

HMAPHTHA [0
— CU-STM1 <
—
KEROSENE

s
-DIESEL o

G

Figure 3.1 Process Flowsheet: The Atmospheric Crude Distillation
Unit

=4

WX CRUDE

PetroFrac simulates the furnace and the atmospheric tower simultaneously, as
a single unit. The furnace operates at a pressure of 24.18 psia and provides
an overflash of 3% in the tower. The furnace outlet enters the atmospheric
tower on stage 22 of the main fractionator.

The main fractionator is modeled with 25 equilibrium stages. The heavy
naphtha product flow is estimated at 13,000 bbl/day, and is manipulated to
achieve an ASTM 95% temperature of 375 F. The condenser operates at 15.7
psia with a pressure drop of 5 psi. The tower pressure drop is 4 psi.
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The main fractionator has 2 pumparound circuits. The following table
summarizes the pumparound locations and specifications:

Pumparound | Location Specifications

1 From stage 8 to 6 Flow: 49,000 bbl/day
Duty: -40 MMBTU/hr

2 From stage 14 to 13 Flow: 11,000 bbl/day
Duty: -15 MMBTU/hr

The crude distillation unit has three sidestrippers. Their locations and

operating specifications are:

Stripper Location Specifications

KEROSENE Liquid draw from Product rate: 11,700 bbl/day
stage 6 Steam stripping (CU-STM1)
Vapor return to 5 4 equilibrium stages

DIESEL Liquid draw from Product rate: 16,500 bbl/day
stage 13 (estimate)
Vapor return to 12 Steam stripping (CU-STM2)

3 equilibrium stages

AGO Liquid draw from Product rate: 8,500 bbl/day
stage 18 Steam stripping (CU-STM3)
Vapor return to 17 2 equilibrium stages

The diesel flow rate is an estimate only. Manipulate it to achieve an ASTM

95% temperature of 640 F for the diesel product.

All sidestrippers and the main fractionator use steam for stripping. The

following table summarizes the steam flows and conditions:

Stream Location Conditions and Flow
CU-STEAM Main tower 400 F, 60 psia, 12,000 Ib/hr
CU-STM1 Kerosene stripper 400 F, 60 psia, 3,300 Ib/hr
CU-STM2 Diesel stripper 400 F, 60 psia, 1,000 Ib/hr
CU-STM3 AGO stripper 400 F, 60 psia, 800 Ib/hr
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Startlng Aspen Plus

From your desktop, select Start and then select Programs.

2 Select AspenTech | Aspen Engineering Suite | Aspen Plus 2004.1 |
Aspen Plus User Interface.

The Aspen Plus Startup dialog box appears. Aspen Plus displays a dialog
box whenever you must enter information or make a selection before
proceeding.

Opening an Existing Run

If You Saved the Preflash Flowsheet
Simulation Created in Chapter 2

1 In the Aspen Plus Startup dialog box, select the radio button next to
Open an Existing Simulation.

2 In the list, select preflash.bkp and click OK.

If Your Saved File preflash.bkp Does
Not Appear

In the list box, double-click More Files...
The Open dialog box appears.
2 Navigate to the directory containing your saved preflash.bkp.

3 Select preflash.bkp from the list of files, and click Open.

Note: If you did not create the assay data analysis simulation in
Chapter 2, you can open the backup file preflash.bkp in the
Examples folder.

Opening the Backup File preflash.bkp
in the Examples Folder

1 From the Aspen Plus Startup dialog box, select Open an Existing
Simulation.

2 Click OK.
The Open dialog box appears.
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Click .

Note: By default, the Favorites list contains five folders that are
provided with Aspen Plus.

Double-click the Examples folder.

Select preflash.bkp and click Open.
@’ Note: If the Connect to Engine dialog box appears, see Chapter
6.

The Aspen Plus window appears. Aspen Plus displays the graphical
flowsheet for the PREFLASH run.

Saving a Run Under a New
Name

Before creating a new run adding the atmospheric crude unit, create and save
a copy of PREFLASH with a new Run ID, CRUDE. Then make modifications
under this new Run ID.

1

From the Aspen Plus menu bar, select File | Save As.

The Save As dialog box appears.

Select the directory where you want to save the simulation.
In the File name field, enter CRUDE.

In the Save as type field, click EI and select Aspen Plus Backup Files
(*.bkp).
Click Save to save the simulation and continue.

The Aspen Plus dialog box appears, asking if you want to save the
simulation as an Aspen Plus Document file.

Click No.
The current Run ID, CRUDE now appears in the title bar.

To Update the Title for This Run

1

From the Aspen Plus menu bar, select Data | Setup.

The Setup Specifications sheet appears.

In the Title field, enter Getting Started with Petroleum --Simulation 3.
Close the Data Browser window.

The graphical workspace is now active and ready for you to add to the
existing flowsheet.

3 Adding an Atmospheric Crude Distillation Unit 54



Adding the Crude Distillation
Unit to the Flowsheet

Add the crude distillation unit to the flowsheet.

To Make Space for the New Tower

1 Click and drag around the entire flowsheet.
This creates a region around the entire flowsheet.

2 Click and hold the left mouse button within the region and drag the
flowsheet to the left.

This makes room for the crude distillation unit, as shown in Figure 3.1.

To Place and Connect the Distillation
Unit on the Flowsheet

Click the left mouse button outside the region to deactivate it.

[y

From the Model Library, select the Columns tab.

The list of available distillation columns appears.

3 Click next to the PetroFrac block icon.
This displays all the icons available for the PetroFrac model.

4 Move the mouse over the list of icons to see a name (or label) for each.
In this exercise, select the CDU10F PetroFrac icon.

5 Press the mouse button on the CDU10F PetroFrac icon, and drag the icon
to the Process Flowsheet window.

6 Release the icon in the desired location.
The Input dialog box appears.
7 1In the Enter the Block ID field, enter CRUDE and click OK.

To Connect to the Preflash Block

Already on the Flowsheet
1 Select the CDU-FEED stream.

2 Right-click and from the menu select Reconnect Destination.
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3 Point to the Main Column Feed port at the bottom of the column.

4 Click to connect the CDU-FEED stream to the bottom feed port and drag it
to the desired location in front of the feed furnace before releasing the

mouse button.

To Connect Other Streams

1 If necessary, select View | Zoom | Zoom Full from the Aspen Plus menu
bar to display the entire flowsheet.

2 Connect, move, and name the streams as shown in Figure 3.1, using the
names and ports in the table below.

Stream ID Port Name

CDU-FEED Main Column Feed (already connected)
CU-STEAM Main Column Feed

CU-STM1 Stripper Steam Feeds

CU-STM2 Stripper Steam Feeds

CU-STM3 Stripper Steam Feeds

CU-WATER Condenser Water Decant for Main Column
HNAPHTHA Liquid Distillate from Main Column
KEROSENE Bottoms Product from Stripper

DIESEL Bottoms Product from Stripper

AGO Bottoms Product from Stripper
RED-CRD Bottoms Product from Main Column

Note: In order to make the streams appear as in Figure 3.1, rotate
some feed icons and move some ports.

— To rotate an icon, select it, then right-click and select Rotate Icon from
the menu. Then select the appropriate rotation from the submenu.

— To move a port, first connect the stream to the port in the port's
current location. Then select the block. All the connected streams will
show a blue or red highlighted line where they connect to the block.
Click on this line for the stream you wish to move, and drag it to its
new location. Zoom in (as above for selecting Zoom Full) if it is difficult
to differentiate streams. In the figure below, the user is moving the
port for stream AGO.

—

=
It

&
[ ]

——{a60 |

KEROSENE

You have finished adding the distillation unit to the flowsheet.
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3 Click IE'

The Flowsheet Complete dialog box appears.
4 Click OK.
The Streams | CU-STEAM | Input | Specifications sheet appears.

Specifying Steam Feeds to the
Tower

Use the CU-STEAM | Input | Specifications sheet to enter the
specifications for the steam feed to the main column.

1 Enter the following state variable and component flow specifications:

Temperature 400 F
Pressure 60 psi
Composition Mass-Flow Ib/hr
Value for H20 12000 Ib/hr

The CU-STEAM | Input | Specifications sheet is complete.

1|uP"'S|J|£:-::il‘i-::atiu:.ns| Flash Optiars | =z | Cammparent . | EQ Options |
Subsztream name: IJ MIEXED j Fief Temperaturel
— State variables — Composition
I Temperature j I bl @zz-Flow j I bk j
I'dfl:":I I F j Camparent Y alue
I =S—— j Hz0 12000 ﬂ
1
IEEI I psi j o
s
Total flows: Stdval j T
| bbl/day -] HC4
IC5 ~|
Salvent: I j Total: W

2 Click IEl

The CU-STM1 Input sheet appears.
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3 Enter the following state variable and component flow specifications:

Temperature
Pressure
Composition
Value for H20

4 Click IEl

400 F

60 psi
Mass-Flow |Ib/hr
3300 Ib/hr

The CU-STM2 Input sheet appears.

5 Enter the following state variable and component flow specifications:

Temperature
Pressure
Composition
Value for H20

6 Click IEl

400 F

60 psi
Mass-Flow Ib/hr
1000 Ib/hr

The CU-STM3 Input sheet appears.

7 Enter the following state variable and component flow specifications:

Temperature
Pressure
Composition
Value for H20

400 F

60 psi
Mass-Flow |Ib/hr
800 Ib/hr

You have finished entering steam feed specifications.

8 Click IEl

The Blocks | CRUDE | Setup | Configuration sheet appears.

Specifying the Atmospheric

Tower

Specify the Main Column

Use the CRUDE | Setup | Configuration sheet to specify the main column

configuration.

3 Adding an Atmospheric Crude Distillation Unit

58



1 Enter the following block configuration information:

Number of stages 25

Condenser Total

Reboiler None-Bottom Feed
Distillate rate 13000 bbl/day

The distillate flow rate is an estimate. This value will be manipulated to
achieve the desired ASTM 95% temperature for the heavy naphtha
stream.

J[Znnfiguratinnlii'ﬁtreamsl Steam |"-ii'F'ressure| Carderzer | Firhace |

— Setup options

Mumber of stages; 25_3

Condenser: Total j
Rebailer: rone-Baottorn feed j
Walid phazes: W apor-Liquid-Freew ater j

— Operating specifications
Distillate rate | |stdvol > {13000 bhl/day =]

N hd i

2 Click IEl

The Blocks | CRUDE | Setup | Streams sheet appears.
3 Enter the following feed locations and conventions:

Stage Convention

CDU-FEED 22 Furnace
CU-STEAM 25 On-Stage

The Furnace feed convention attaches a furnace to stage 22. This furnace
is solved simultaneously with the main fractionation column and strippers.
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o Configuration JStreamsl Steam |G’F‘ressure Condenser | w Fumace o I FI

— Feed streams
Mame Stage Corvention
COU-FEED 22 Furnace
p [CU-STEAM 25 On-Stage

— Product streamsz

e Stage Fhase B aziz Fla
CUAATER 1 Free water St
HHAPHTHA 1 Liquid Stdwal
RED-CRD 25 Liquid Steval
K= r

Click IEl

The Blocks | CRUDE | Setup | Pressure sheet appears.
Enter the following pressures using the Top/Bottom View:
Stage 1 / Condenser pressure 15.7 psi
Stage 2 Pressure 20.7 psi

Bottom stage pressure 24.7 psi

Click IEl

The Blocks | CRUDE | Setup | Furnace sheet appears.
Select the Single stage flash option.

From the Furnace specification list , select Fractional overflash.

Enter a StdVol Fractional overflash of 0.03 and a Furnace pressure of

24.18 psi.
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The Blocks | CRUDE | Setup | Furnace sheet is now complete:

o Configuratian | 1».I"Stnaamsl Steam | 1».I"F'nassunal Conderser ofFurnace

— Furnace type
" Stage duty on feed stage
{* Single stage flash
" Single stage flazh with liquid runback

— Furace specification Furnace pressure
Fractional averflash j |24.1 8 I pi j

Stdvol > [0.03 | ]

You have completed specifications for the main column.

10 Click IE'

Note: Because you attached feed and product streams for three
side strippers in the graphical flowsheet, Aspen Plus automatically
configured this block with three side strippers: S-1, S-2, and S-3.

Specify the Side Strippers

The Blocks | CRUDE | Strippers | S-1 | Setup | Configuration sheet
appears.

1 Enter the following specifications:

Number of stages 4

Stripper product KEROSENE
Liquid draw 6

Overhead return 5

Stripping steam CU-STM1
Bottom product flow 11700 bbl/day
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The S-1 | Setup | Configuration sheet is complete:

J[Zunﬁguratiunl Optional Feeds | Ligquid R eturn | Preszure |

—Setup kdain column connecting stages —
Mumber of stages: |4 E Liguid draw: B E
Stripper product.  |KEROSEME j Qverhead return: |5 E

— Stripping rmedium
{* Shipping steam: CU-5TM1 j

Steam to bottom product ratio [optional); (=] j
" Reboiler duby: bAME b j
— Flow specification Optional reboiler heat streams: ——

Bottomn product j Inlet: j

Stdvol > |[11700 bbliday x| | | Outlet =]

2 Click IE'

The S-2 | Setup | Configuration sheet appears.

3 Enter the following specifications:

Number of stages 3

Stripper product DIESEL
Liquid draw 13

Overhead return 12

Stripping steam CU-STM2
Bottom product flow 16500 bbl/day

The Blocks | CRUDE | Strippers | S-2 | Setup sheet is complete:

4 Click IEl

The Blocks | CRUDE | Strippers | S-3 | Setup sheet appears.

5 Enter the following specifications:

Number of stages 2
Stripper product AGO
Liquid draw 18
Overhead return 17
Stripping steam CU-STM3

Bottom product flow 8500 bbl/day
The Blocks | CRUDE | Strippers | S-3 | Setup sheet is complete:

6 Click IE'
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7

The Required Input Complete dialog box appears.
Click Cancel.

Specify the Pumparounds

Now supply specifications for Pumparound 1 and Pumparound 2.

1

In the Data Browser, select the Blocks | CRUDE | Pumparounds folder.
The Pumparounds object manager appears.

Click New.

In the Create new ID dialog box, click OK to accept the default ID, P-1.
The Pumparounds | P-1 | Specifications sheet appears.

Enter the following specifications for P-1:

Draw stage 8

Return stage 6

Drawoff type Partial

StdVol Flow 49000 bbl/day
Heat duty -40.0 MMBtu/hr

To specify the heat duty, you will need to change Temperature to Heat
duty for the second operating specification.

The Pumparounds | P-1 | Specifications sheet is complete:

— Source Destination
Draw stage: IB E ’7H eturm stage:; IE E
— Drawoff ppe

% Partial [enter 2 specifications)

" Taotal [enter 1 specification anly)

— Operating zpecifications
Flow >||stdval = ||43000 bblday =l

Heat duty | <[40 MMBtushr =l
— tility specification

I kility: I - I

Select the Blocks | CRUDE | Pumparounds folder to reopen the
Pumparounds object manager.

Click New.
In the Create new ID dialog box, click OK to accept the default ID, P-2.

The Pumparounds | P-2 | Specifications sheet appears.
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8

9

Enter the following specifications for P-2:

Draw stage 14

Return stage 13

Drawoff type Partial

StdVol Flow 11000 bbl/day
Heat duty -15.0 MMBtu/hr

Click IEl

The Required Input Complete dialog box appears.

10 Click Cancel.

Enter Design Specifications

You have completed all required PetroFrac specifications. However, in this
simulation, specify two design specifications, the ASTM 95% temperature for
HNAPHTHA and for DIESEL.

1

From the Data Browser, select the Blocks | CRUDE | Designh Specs
folder.

The Design Specs object manager appears.
Click New.
In the Create new ID dialog box, click OK to accept the default ID, 1.

The Blocks | CRUDE | Design Specs | 1 | Specifications sheet
appears.

Enter specifications to have PetroFrac manipulate the distillate rate to
achieve an ASTM 95% temperature of 375 F for HNAPHTHA:

In the Type field, click E and select ASTM D86 temperature (dry, liquid
volume basis).

Enter the following specifications:

Target 375 F
Liquid % 95
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JSpeciﬁcatiunsl Compaonents |G‘Feed.-’F'n:udu-:tStream$ |~'-i-i"'-.é'-3|rj,I | Fresults |

— Design zpecification

Type: I.-'i‘-.S T DBE temperature [dry, iquid volume baszis) j
— Specification
T arget; IS?E I F

Liguid & IEIE

6 Click IE'

The Blocks | CRUDE | Design Specs | 1 | Feed/Product Streams
sheet appears.

7 From the Available streams column, select the HNAPHTHA stream and
click to move the stream to the Selected stream column.

o Specifications | Components ' Feed/Product Streamsliii"u"ary | Hezults |

— Product streams

Ayailable streams

z | Selected ztream
3 |
o
L2 |

— Feed/Product streams as base streams

CU-WwWaTER -

8 Click IEl

The Blocks | CRUDE | Design Specs | 1 | Vary sheet appears.

9 In the Type field, click EI and select Distillate flow rate.

10 From the Data Browser, select the Blocks | CRUDE | Design Specs
folder to reopen the object manager.
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For the second design specification, enter specifications to have PetroFrac
manipulate the DIESEL flow rate to reach an ASTM 95% temperature of

640 F.
The Design Specs Object Manager appears.
11 Click New.
12 In the Create new ID dialog box, click OK to accept the default ID, 2.

The Blocks | CRUDE | Design Specs | 2 | Specifications sheet
appears.

13 Enter the following specifications:
Type ASTM D86 temperature (dry, liquid volume basis)
Target 640 F
Liquid % 95

JSpecificatinnsl Companents |'¥Feed;"F‘ruduct5treams |"-ii'\:"ar_l,l | Fesuts |

— Design zpecification

Type: If-‘-.STM DE6 termperature [dry, liquid volume basziz) j
— Specifization
T arget: IE#EI I F

Liguid &: IEIE

14 Click IEl

The Blocks | CRUDE | Design Specs | 2 | Feed/Product Streams
sheet appears.

15 From the Available streams column, select the DIESEL stream and click
to move the stream to the Selected stream column.
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o Specifications Components ' Feed/Product Stmamsliii"'-.fary | Fesults |

— Product streamsz

Ayailable streams z | Selected stream
CUWATER “
HNAPHT Ha, e
KEROSENE

i

<<I

— Feed/Product streams as base shreams

16 Click IE'

The Blocks | CRUDE | Design Specs | 2 | Vary sheet appears.
17 In the Type field, click E and select Bottoms flow rate.

18 In the Stripper name field, click EI and select S-2.
The Block | CRUDE | Design Specs |2 | Vary sheet is complete:

o Specifications | Components | of Feed/Product Strearns J"l.r' """""" _ | Eesnlts |
— Adjusted variable
Tuvpe: IEh:uttu:ums Flowe rate j
— Qualifiers
Shage: E
Stripper name; g2

Bimpareurd mamme;

i[53 KN

Feed strean mame;

You have entered all the specifications for the atmospheric crude tower,
without any initial profile estimates for tower temperatures, flow rates, or
compositions. Aspen Plus can converge the column without estimates for
these variables.

19 In the Aspen Plus window, click IEl
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Running the Simulation

1

In the Required Input Complete dialog box, click OK.
The Control Panel appears.

As the run proceeds, status messages appear in the Control Panel. It
takes several seconds for Aspen Plus to process input specifications and
perform the simulation. When the calculations finish, the message Results
Available appears in the status bar at the bottom of the main window.

Use the vertical scrollbar to see the messages.

When the Results Available message appears in the toolbar, click at
the top right corner of the Control Panel to close it.

Click at the top right corner of the Data Browser to close it.

Examine the results of your run.

Examining Simulation Results

This run produces a wide variety of simulation results. In this simulation
examine:

Furnace duty.

Pumparound return temperatures.

Stream results for the atmospheric tower products.
ASTM curves for the tower products.

Furnace duty results appear on the CRUDE | Results Summary | Furnace
sheet.

To Examine Furnace Duty Results

1
2

From the Process Flowsheet window, select the CRUDE icon.
Right-click to display the menu and select Results.
The Blocks | CRUDE | Results Summary | Summary sheet appears.

Select the Furnace sheet.
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A summary of important furnace results appears:

Surmmary | Balahce Fumace | Fumace =vE | [ Eifitie s | ShipEen ut A I FI

B asiz:

— Furnace surimary

T emperatuire; By 730773 |F j
Pressure: 2418 pai j
Heat duty: 199.769679 [MMBtushe v |
Feed flow: 3869.27353 | lbrmal hr j
Vapar flaw: 2565.57676 |Ibmalshr |
Ligquid flow: 130369677 | Ibrnal/hr j

To Examine Pumparound Return
Temperatures

4 From the Data Browser, select the CRUDE | Pumparounds folder.
5 Select the Results sheet.
The Pumparounds | Results sheet appears:

«f Object Manager | Summary  Results |

— Pumparound rezults surmmary

Purnparaund [0 P-1 P-2

Return stage: G 13 LI
T emperature; F 337.094803 [389. 254177
Pressune: psi 217434783 [22. ¥8E95E5

apor fraction: ] ]

Heat duty: bt Bt hr -4 -15

b ale flow: el A 3364.68332 (677 370813

b ass Flow: bt h33005.596 [138509.677

S bfal Flow: bbl/day 489335354 [11000.0275 TI
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Examining the Product Streams

To Review the Stream Results for the

Crude Tower Products

1 From the Data Browser, select the Blocks | CRUDE | Stream Results
form.

The Blocks | CRUDE | Stream Results | Material sheet appears.

To Examine the Results for the Five
Product Streams

2 In the first column of results, click EI and select HNAPHTHA.

3 In the next four columns, click E and select KEROSENE, DIESEL, AGO,
and RED-CRD.

To Examine the 5% and 95%
Cutpoints and Product Yields

4 Use the vertical scrollbar to locate *** DRY TOTAL*** and have it
display in the top line.

From these results, you can see that the tower produces a large quantity
of the diesel cut. By specifying a high ASTM 95% temperature (375 F),
you also maximize the amount of heavy naphtha produced.
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Stream results for the crude tower products appear on the Blocks CRUDE
Stream Results Material sheet:

| HESET| TeEd| Wels Curves | [SHE ZmnEsT | PEtE) Carves | T Reii e
Dizplay: IStreams j Format: IPETHD_E j Ml

|HMaPHTHENl|KERDSENEE]|OIESEL =] +50 Flllreccro [F

== DAY TOTAL == ;I

Liq ol BOF Bbl/day 8318 11693.0 172462 24939 345458

WP Gravity B0.3 92 334 270 165

Gravity BOF 0778 0829 0858 0833 0956

atson LOP-k 1.7 116 1.7 1.7 116

TEP Curve F

0 b4 273 303.9 JEE.E 4331 5874

L b4 1383 363.0 4491 BRYE E8E.3

10 4 1922 3808 4736 E05.2 309

30 4 2642 4141 5197 EV21 9274

50 b4 2981 436.8 5h4Y 074 9554 _I

il z 33219 458.6 594.2 433 11325

1] z 3704 430.0 E4E.0 FaB.1 1405.5

95 z 387.3 501.0 EE7.0 a04.2 15120

o % 175 5337 B97.7 8E61.4 16124 lI
| 0

5 Scroll and examine stream information for different products.

Plotting Distillation Curves

Next, examine and plot the ASTM curves for the products. The ASTM curves
are on the Stream Results | Vol.% Curves sheet.

To Plot the Curves for the Product
Streams

6 Select the Vol.% Curves sheet.

The CRUDE | Stream Results | Vol.% Curves sheet appears.

7 In the Curve view field, click EI and select ASTM D86 curve.
8 Select the Volume % column.

9 From the Aspen Plus menu bar, select Plot | X-Axis Variable.
10 Select the HNAPHTHA column.

11 At the same time, press Ctrl and select the RED-CRD, KEROSENE, DIESEL,
and AGO columns to select the columns.
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Note: At this time, the HNAPHTHA, RED-CRD, KEROSENE, DIESEL,
and AGO columns should be highlighted.

12 From the Aspen Plus menu bar, select Plot | Y-Axis Variable.
13 From the Aspen Plus menu bar, select Plot | Display Plot.
14 Resize the plot and drag the legend box as desired.

[ Block CRUDE {PetroFrac) Stream Results Yol.% Curves - Plot H=]

Block CRUDE (PetroFrac) Stream Results Vol.% Curves

1500

—— ASTH D86 HNAPHTHA
—0— ASTM D36 RED-CRD
———— ASTM DBE KEROSENE
—tr— ASTH D56 DIESEL
—— AZTW DEE AGO

1000

TEMPERATURE F

500

] ] ] ] ] ] ] ] ] |
0 10 20 a0 40 &0 B0 70 a0 a0 100
Volume percent

15 When finished viewing the plot, close the plot window.

At this point, simulate other modes of operation, such as maximizing

kerosene production to satisfy a higher demand for jet fuel. Do this by:
— Decreasing the ASTM 95% temperature for heavy naphtha to 325 F
— Increasing the ASTM 95% temperature for kerosene to about 520 F
— Introduce another design specification by manipulating the kerosene

flow rate
The product flow rates resulting from these specifications are:

ASTM-D86 ASTM-D86 Product Flow-
5% 95% Rate
Temperature F | Temperature F | (m bbl/day)

HNAPHTHA 166 325 4.7

KEROSENE 374 520 20.0

DIESEL 502 640 10.9

AGO 578 772 8.5

RED-CRD 674 1358 35.6

The results show that the kerosene production goes up at the expense of
heavy naphtha and diesel.
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EX|t|ng Aspen Plus

From the Aspen Plus menu bar, select File | Exit.
The Aspen Plus dialog box appears.
2 Click Yes to save the simulation.

The Aspen Plus dialog box appears and offers you the opportunity to
save the simulation as an Aspen Plus Document file.

3 Click No.
The Chapter 4 simulation uses this run as the starting point.
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4 Adding A Vacuum Unit

In this simulation, build on the simulation from the previous simulation and
install a vacuum unit to complete the process model.

You will:

Add a vacuum tower, steam feed, and product streams to the flowsheet.
Specify the steam feed.

Specify the vacuum unit.

Run the simulation.

Examine the results.

Allow about 30 minutes to complete this simulation.
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Vacuum Unit Flowsheet

Figure 4.1 shows the process flowsheet for this simulation. It contains a
vacuum unit that separates the reduced crude from the atmospheric tower
into:

e (Off-gas.

e Light vacuum gas oil.
e Heavy vacuum gas oil.
¢ Residual vacuum oil.

FREFLASH

a CU-WATER =

HHAPHTHA 57
[
— CU-STM1 =

KEROSENE =

—
]
—] CU-STMZ [0

DIESEL =

]
—
—] CU-STh3 P

CU-STEAM

RED-CRD

Figure 4.1 Process Flowsheet Adding a Vacuum Unit

[resiove o

The vacuum tower has no condenser or reboiler. Stripping steam is fed to the
bottom of the tower in stream VDU-STM at 400 F, 60 psia, 20,000 Ib/hr.

The furnace operates at a pressure of 2.03 psia, and provides an overflash of
0.6%. The overflash is bypassed to the tower furnace.

The tower has two pumparound circuits. The following table shows their
locations and specifications:

Pumparound | Location Specifications
1 From stage 2 to 1 Flow: 20,000 bbl/day

Duty: -28 MMBtu/hr (estimated)
2 From stage 4 to 3 Flow: 49,000 bbl/day

Duty: -80 MMBtu/hr

The duty for the first pumparound is adjusted so that the top of the tower is
at 150 F.

You will model the tower with six equilibrium stages. The light vacuum gas oil
is taken out from stage 2 as a total draw. The flow is estimated at 8,000
bbl/day.
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The second pumparound provides all the necessary reflux for the lower
section of the tower. The heavy vacuum gas oil is withdrawn from stage 4 at
17,000 bbl/day.

Startlng Aspen Plus

From your desktop, select Start and then select Programs.

2 Select AspenTech | Aspen Engineering Suite | Aspen Plus 2004.1 |
Aspen Plus User Interface.

The Aspen Plus Startup dialog box appears.

Opening an Existing Run

If You Saved the Crude Flowsheet
from Chapter 3

1 Select Open an Existing Simulation.
2 In the list, select crude.bkp and click OK.

If Your Saved File crude.bkp Does Not
Appear

In the list box, double-click More Files.
The Open dialog box appears.
2 Navigate to the directory containing your saved crude.bkp.

3 Select crude.bkp from the list of files, and click Open.

Note: If you did not create the assay data analysis simulation in
Chapter 3, you can open the backup file crude.bkp in the Examples
folder.

Opening the Backup File preflash.bkp
in the Examples Folder

1 In the list box, double-click More Files.
2 Click OK.
The Open dialog box appears.

3 Click .
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4 Double-click the Examples folder.
5 Select crude.bkp and click Open.

@—_—’ Note: If the Connect to Engine dialog box appears, see Chapter
6.

The Aspen Plus window appears. Aspen Plus displays the graphical
flowsheet for the CRUDE run.

Saving a Run Under a New
Name

Before you create a new run adding the vacuum unit, create and save a copy
of CRUDE with a new Run ID, VACUUM. Then make modifications under this
new Run ID.

1 From the Aspen Plus menu bar, select File | Save As.

The Save As dialog box appears.
2 Select the directory where you want to save the simulation.
3 In the File name field, enter VACUUM.

4 In the Save as type field, click EI and select Aspen Plus Backup Files
(*.bkp).
5 Click Save to save the simulation and continue.

The Aspen Plus dialog box appears, asking if you want to save the
simulation as an Aspen Plus Document file.

6 Click No.
The current Run ID, VACUUM now appears in the title bar.

To Update the Title for This Run

1 From the Aspen Plus menu bar, select Data | Setup.

The Setup | Specifications | Global sheet appears.
2 In the Title field, enter Getting Started with Petroleum --Simulation 4.
3 Close the Data Browser window.

The graphical workspace is now active and ready for you to add to the
existing flowsheet.

Adding a Vacuum Tower to the
Flowsheet

You are ready to add the vacuum tower and steam feed to the flowsheet.
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To Make Space for the New Tower
1 From the Aspen Plus menu bar, select View | Zoom | Zoom Full.
2 Click and drag a region around the entire flowsheet.

3 Press and hold the left mouse button within the region and drag the
flowsheet to the left.

Next, place and connect the vacuum unit on the flowsheet to create the
process flowsheet in Figure 4.1. If you need to review how to create a
graphical simulation flowsheet, see Getting Started Building and Running a
Process Model, Chapter 2.

To Place and Connect the Distillation
Unit on the Flowsheet

1 From the Model Library, select the Columns tab.

The list of available distillation columns appears.

2 Click next to the PetroFrac block icon.
3 Move the mouse over the list of icons to see a name (or label) for each.

4 Select the VACUUM1F PetroFrac icon, and drag the icon to the Process
Flowsheet window as shown in Figure 4.1.

5 Release the icon in the desired location.
The Input dialog box appears.
6 In the Enter the Block ID field, enter VDU and click OK.

To Connect the Distillation Unit to the
Crude Block

7 Select the RED-CRD stream.
8 Right-click and from the menu select Reconnect Destination.
9 Point to the Main Column Feed port at the bottom of the new column.

10 Click to connect the RED-CRD stream to the bottom feed port and drag it
to the desired location in front of the feed furnace before releasing the
mouse button.
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Figure 4.2 The Vacuum Unit

3]
N

11 Connect, move, and name the other streams as shown in Figure 4.2.

Use the table below to help you connect to the appropriate port.

Stream ID Port Name

RED-CRD Main Column Feed (already connected)
VDU-STM Main Column Feed

OFF-GAS Vapor Distillate from Main Column
LVGO Side Product from Main Column

HVGO Side Product from Main Column
RESIDUE Bottoms Product from Main Column

You have finished adding the distillation unit to the flowsheet.

12 Click IE'

The Flowsheet Complete dialog box appears.
13 Click OK.
The VDU-STM | Input | Specifications sheet appears.

Specifying the Steam Feed

Use the VDU-STM | Input | Specifications sheet to enter the specifications
for the steam feed to the main column.

1 Enter the following state variable and component flow specifications:

Temperature 400 F
Pressure 60 psi
Composition Mass-Flow Ib/hr
Value for H20 20000 Ib/hr
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The VDU-STM | Input | Specifications sheet is complete:

1|uP"'S|J|£:-::il‘i-::atiu:.ns| Flash Optiars | =z | Cammparent . | EQ Options |
Subsztream name: IJ MIEXED j Bef Temperature |
— State variables — Composition
I Temperature j I bl @zz-Flow j I bk j
|4EIEI I F j Camparent Y alue
I Freszure j i 20000 ﬂ
C1
IEEI I pai j o
C3
T akal Flow: Stdval j T
I bbl/day j HC4
IC5 |
Saolvert: I j Tatal |2|:||:||:||:|

2 Click IEl

The Blocks | VDU | Setup | Configuration sheet appears.

Specifying the Vacuum Unit

Specify the Basic Column
Configuration

Use the VDU | Setup | Configuration sheet to specify the main column
configuration.

1 Enter the following block configuration information:
Number of stages 6
Condenser None-Top pumparound

Reboiler None-Bottom feed

2 Click IEl

The Blocks VDU Setup Streams sheet appears.

3 Enter the following feed locations and connections:

State Convention
RED-CRD 6 Furnace
VDU-STM 6 On-Stage

The Furnace feed convention attaches a furnace to stage 6. This furnace is
solved simultaneously with the vacuum tower.
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4 Enter the following product location, phase, and rate specifications:

Stage Phase Flow
LVGO 2 Total liquid 8000 bbl/day (estimate)
HVGO 4 Liquid 17000 bbl/day

LVGO is a total liquid draw from stage 2.
]?’ Note: The flow rate you enter for LVGO is an estimate only.

The Blocks VDU Setup Streams sheet is complete:

« Configuration JStreamsl Steam |"-i-"F'rE$$ure| Carderser |iiiFumac:e|

— Feed streamsz
MName Stage Conventian
RED-CRD g Furnace
DL-5TH g On-Stage

— Product streams

MName Stage Phaze Basiz Flia Units
RESIDUE 3 Liquid Stavol bbl/day i’
OFF-GAS 1 W apor Stdval bbl/day
p ILVGO 2 Total liquid Stval 8000 bbl/day
AVGO 4 Liquid Stdval 17000 bhliday | =]

5 Click IE'

The Blocks | VDU | Setup | Pressure sheet appears.

6 In the View field, click EI and select Pressure profile.

Specify the pressure profile by entering stage numbers and corresponding
pressures on this sheet.

7 1In the Pressure profile section, change the pressure units to mmHg.

8 Enter the following values:

Stage Pressure
(mmHg)

1 60

6 70

The Blocks | VDU | Setup | Pressure sheet is complete.

9 Click IEl

The Blocks | VDU | Setup | Furnace sheet appears.
10 In the Furnace type section, select the Single stage flash with liquid
runback option.

11 In the Furnace specification section, click EI and select Fractional
overflash.
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12 In the Fractional overflash field, enter a StdVol of 0.006.

13 In the Furnace pressure field, enter 2.03 psi.

The single stage flash with liquid runback option models the furnace as a
single-stage flash with the overflash from the flash zone now bypassed to
the furnace.

The Blocks | VDU | Setup | Furnace sheet is complete:

+f Configuration I JStreamsI Steam I JF'ressureI Conderzer Y Furnace

—Furnace type
" Stage duty on feed stage
" Single stage flazh
{* Single stage flash with liquid runback

— Furnace zpecification Furnace pressune

Fractional overflash j |2.I]3 I pi j
bz

Stdvol _|0.006 |

14 Click IE'

Specify the Pumparounds

The VDU | Pumparounds object manager appears.

1
2

Click New.
In the Create new ID dialog box, click OK to accept the default ID P-1.
The VDU | Pumparounds | P-1 | Specifications sheet appears.

Enter the following specifications for P-1:

Draw stage 2

Return stage 1

Drawoff type Partial

StdVol Flow 20000 bbl/day
Heat duty -28.6 MMBtu/hr

Change Temperature to Heat duty in the second Operating
Specification field to enter the heat duty.
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The VDU | Pumparounds | P-1| Specifications sheet is complete:

o Specifications | Components ' Feed/Product Streamsliii"u"ary | Hezults |

— Product streams

Ayailable streams Selected gtream

CU-WwWaTER -

il

— Feed/Product streams as base streams

From the Data Browser, select the Pumparounds folder.

The VDU | Pumparounds object manager appears.

Click New.

In the Create new ID dialog box, click OK to accept the default ID P-2.

Enter the following specifications for P-2:

Draw stage 4

Return stage 3

Drawoff type Partial (enter 2 specifications)
StdVol Flow 49000 bbl/day

Heat duty -80.0 MMBtu/hr
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The VDU | Pumparounds | P-2 | Specifications sheet is complete:

JSpecificatiunsl Heat Streams | Hesultsl

— Source Destination
Diraw ztage: |4 E ’7Heturn ztage: |3 E
— Drawoff type

% Partial [enter 2 specifications]

{~ Taotal [enter 1 specification only)

— Operating zpecifications

Flows Stdval v |[43000 bbl/day =]

it
Heat duty | ~|]=0 MMBtu/he =]

8 Click IE'

The Required Input Complete dialog box appears.

Enter Design Specification

You have completed all required PetroFrac specifications. However, in this
simulation you have a design specification-the temperature specification for
the top of the tower.

1 Click Cancel.

2 From the Data Browser, select the Blocks | VDU | Design Specs folder.
The Blocks | VDU | Design Specs object manager appears.

3 Click New.

4 1In the Create new ID dialog box, click OK to accept the default ID 1.
The Blocks | VDU | Design Specs | 1 | Specifications sheet appears.

5 Enter the following specifications:

Type Stage temperature
Target 150 F
Stage 1

6 Click IEl

The Blocks | VDU | Design Specs | 1 | Vary sheet appears.

7 In the Type field, click EI and select Pumparound duty.
8 In the Pumparound name field, select P-1.
The Blocks | VDU | Design Specs | 1 | Vary sheet is complete.
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9

Close the Data Browser window.

10 In the Aspen Plus window, click El

The Required Input Complete dialog box appears.

Running the Simulation

1

In the Required Input Complete dialog box, click OK.
The Control Panel appears.

As the run proceeds, status messages appear in the Control Panel. It
takes several seconds for Aspen Plus to process input specifications and
perform the simulation. When the calculations finish, the message Results
Available in the status bar at the bottom of the main window.

Use the vertical scrollbar to see the messages.

When the Results Available message appears in the toolbar, click at
the top right corner of the Control Panel to close it.

Examine the results of your run.

Examining Simulation Results

This run produces a wide variety of simulation results. Examine simulation
results for the vacuum tower that include:

Column profiles.
Pumparound results.
TBP curves.

Stream results.

Column profiles are on the VDU | Profiles form.
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To Examine Column Profiles

1 From the Process Flowsheet window, select the VDU icon.
2 Right-click to display the menu and select Results.
The Blocks | VDU | Results Summary | Summary sheet appears.
3 From the Data Browser, select the Blocks | VDU | Profiles form.
TPFQ | Compositions | KMalues | Hydiaulics | Efficiencies || Prope 4

it ISummar_l,l j B asiz: IMI:I|E vI
— Profiles
Stage| Temperature|  Pressure Heat duty | Liguid flow | Wapor fl
[F =llfesi =l mmrun =]l ibmotte =]{[iomolhe
1 149999382 116020648 [-25.989736 (812082373 111D.322ﬂ
2 F20.E07027 [1.192883003 [0 109491831 [1131.659
3 D24.594724 1.23755358 |80 218087621 [1414.494
d BO3E1967E 127622713 [0 208390965 (2146437
a] 781753606 131490068 [0 4. 28111635 2049.4?D_|
[IE Bl

This sheet shows that the simulation calculated a bottoms temperature
above 790 F. If this is higher than you want, you can reduce the tower
pressure in a later simulation case. Lowering the tower pressure also
affects the gas oil yield.

The pumparound results are on the VDU | Pumparounds | Results
sheet.

To Examine Pumparound Results
4 From the Data Browser, select the Blocks | VDU | Pumparounds folder.
5 Select the Results sheet.
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The Blocks VDU Pumparounds Results sheet appears:

«f Object Manager | Summary  Results |

— Pumparound results summary

Pumparound 1D: P-1 P-2

p |Drave stage: 4
Return stage: 1 3
T emperature; F 128287024 [419.360728
Pressure:; pai 1.19888003 [1.27622713

apor fraction: I} i}

Heat duty: MR b b -2h.972014 |80
b ol Flee: lbrmal e 790905173 [1449.23391
b azz flo: Ib b 2EIEE4. 418 |EF5E34.017
S bl Flow: bbl/day 19933 9636 [43000.087

6 Close the window.

Plotting Distillation Curves

Next, plot the TBP curve for streams LVGO, HVGO, and RESIDUE. The True

Boiling Point curves appear on the Stream Results | Vol.% Curves sheet.

To Plot TBP Curves

1 From the Data Browser, select the VDU | Stream Results form.

The VDU | Stream Results | Material sheet appears.

2 Select the Vol.% Curves sheet.

3 Plot the ASTM curves for streams LVGO, HVGO, and RESIDUE following

the same steps as in Chapter 3, Plotting Distillation Curves.
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4

i Block ¥DU (PetroFrac) Stream Results ¥ol.% Curves - Plot
Block VDU (PetroFrac) Stream Results Vol.% Curves

—— ASTM DBE LVGD
—T— ASTM DBk HvG0
—— ASTM DBk RESIDUE

1750

1000 1250 1500

TEMPERATURE F

— ral

0 0 20 30 40 &0 B0 70 80 @0 100
Volume percent

The simulation shows a good separation between the gas oils and residue.
However, the separation between the light and heavy gas oils is rather

sloppy.
When finished viewing the plot, close the plot window.

Examining Stream Results

1

2

From the Data Browser, select the VDU | Stream Results | Material
sheet.

Use the horizontal scrollbar to locate the RESIDUE stream and review the
information accordingly.

Use the vertical scrollbar to locate API Gravity.

Use the horizontal scrollbar to locate the LVGO stream and review the API
Gravity information.

The calculated value for LVGO product rate is different from the specified
value of 8000 bbl/day. Since you specified a total draw, Aspen Plus
treated the specified value as an initial guess. The final value is the one
corresponding to the total draw from the stage.
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EX|t|ng Aspen Plus
From the Aspen Plus menu bar, select File | Exit.
The Aspen Plus dialog box appears.

2 Click Yes to save the simulation.

The Aspen Plus dialog box appears and offers you the opportunity to
save the simulation as an Aspen Plus Document file.

3 Click No.

The Chapter 5 simulation uses this run as the starting point.
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5 Displaying Petroleum

Stream Properties

It is important to monitor certain petroleum properties such as sulfur content,
PNA composition, octane number, flash point, metals content, and pour point
when modeling refinery operations. Frequently, operating parameters are
adjusted in order to achieve a desired product quality, expressed in terms of
these petroleum properties.

These properties are often available as part of the assay data for a crude
feed. Aspen Plus enables you to enter these data as property curves. Once
you enter these curves, Aspen Plus can calculate these properties for any
flowsheet stream.

Use the calculated stream properties as column specifications, access them in
Fortran blocks, use them in optimization constraints, and so on.

In this simulation, as an example, include sulfur content in your model.

You will:

e Add a sulfur curve for each of the two crude oils.
e Select options for the property sulfur.

e Define a property set for the sulfur content.

¢ Run the simulation.

e Examine simulation results.

Allow about 30 minutes to complete this simulation.
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Startlng Aspen Plus

From your desktop, select Start and then select Programs.

2 Select AspenTech | Aspen Engineering Suite | Aspen Plus 2004.1 |
Aspen Plus User Interface.

The Aspen Plus Startup dialog box appears.

Opening an Existing Run

If You Saved the Simulation Created in
Chapter 4

1 In the Aspen Plus Startup dialog box, select Open an Existing
Simulation.

2 In the list, select vacuum.bkp and click OK.

If Your Saved File vacuum.bkp Does
Not Appear

In the list box, double-click More Files.

The Open dialog box appears.
2 Navigate to the directory containing your saved vacuum.bkp.
3 Select vacuum.bkp from the list of files, and click Open.

The Aspen Plus window appears.

Note: If you did not create the assay data analysis simulation in
Chapter 4, you can open the backup file crude.bkp in the Examples
folder.

Opening the Backup File preflash.bkp
in the Examples Folder

1 From the Aspen Plus Startup dialog box, select Open an Existing
Simulation.

2 Click OK.
The Open dialog box appears.

3 Click .
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4 Double-click the Examples folder.

5 Select vacuum.bkp and click Open.

@—_—’ Note: If the Connect to Engine dialog box appears, see Chapter
6.

The Aspen Plus window appears. Aspen Plus displays the graphical
flowsheet for the VACUUM run.

Saving a Run Under a New
Name

Before you create a new run adding sulfur content specifications, create and
save a copy of VACUUM with a new Run ID, PPROP. Then make modifications
under this new Run ID.

1 From the Aspen Plus menu bar, select File | Save As.

The Save As dialog box appears.
2 Select the directory where you want to save the simulation.
3 In the File name field, enter PPROP.

4 In the Save as type field, click EI and select Aspen Plus Backup Files
(*.bkp).
5 Click Save to save the simulation and continue.

The Aspen Plus dialog box appears, asking if you want to save the
simulation as an Aspen Plus Document file.

6 Click No.
The current Run ID, PPROP now appears in the title bar.

To Update the Title for This Run

1 From the Aspen Plus menu bar, select Data | Setup.

The Setup | Specifications | Global sheet appears.
2 In the Title field, enter Getting Started with Petroleum --Simulation 5.
3 Close the Data Browser window.

The graphical workspace is now active. However, you will not modify the
flowsheet in this simulation.

Adding Sulfur Content Data

In Chapter 1 you defined and blended two crude oils, OIL-1 and OIL-2. Now
enter the sulfur content (in weight percent) of these oils into your simulation.
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To Enter Sulfur Content for OIL-1

1

From the Aspen Plus menu bar, select Data | Components.

The Data Browser appears, with the Components folder open.
Double-click the Components | Assay/Blend folder.

Double-click the OIL-1 folder.

Select Property Curves.

The Assay/Blend | OIL-1 | Property Curves | Petro Properties sheet
appears.

In the Property type field, click EI and select SULFUR.

In the Bulk value field, enter 2.3.

In the Mid percent distilled and Property value fields, enter the
following sulfur content percentage values:

Mid percent Property value (wt%
distilled sulfur)
2.0 0.0

5.0 0.01
10.0 0.013
20.0 0.05
30.0 1.15
40.0 1.62
45.0 1.90
50.0 2.15
60.0 2.54
70.0 3.0
80.0 3.7

The OIL-1 | Property Curves | Petro Properties sheet is complete:

v'Petro F"mpertiesl Wiscosity |

Property type: IJ SULFUR j itz Ipercent

— Property curve data
Bulk walue: |23—
Mid percent | Property
distill=d walue

2 1] ﬂ
] 0.01

10 0.013

20 0.05

30 1.15

40 1.62 LI
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To Enter Sulfur Content for OIL-2

1
2

Double-click the Assay/Blend | OIL-2 folder.

Select Property Curves.

The Assay/Blend | OIL-2 | Property Curves | Petro Properties sheet
appears.

In the Property type field, click EI and select SULFUR.

In the Bulk value field, enter 2.5.

Enter the following sulfur content percentage values:

Mid percent Property value (wt%
distilled sulfur)
2.0 0.0

5.0 0.01
10.0 0.015
20.0 0.056
30.0 1.3
40.0 1.7
45.0 2.0
50.0 2.3
60.0 2.7
70.0 3.2
80.0 3.8

The OIL-2 | Property Curves | Petro Properties sheet is complete.

Selecting Options for the Sulfur
Property

For a petroleum property, select calculation options such as the blending and
extrapolation methods.

1

2

From the Data Browser, double-click the Components | Petro
Characterization folder.

Select the Analysis Options sheet.

The Petro Characterization | Analysis Options | Assay Procedures
sheet appears.

Select the Blend Options sheet.
In the first Property field select SULFUR.
In the first Blend method field select Mass.

By default, Aspen Plus extrapolates to the 0 and 100% points if these
values are missing from the curve.
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6

The Petro Characterization | Analysis Options | Blend Options sheet
is complete:

o Azzap Procedurss v Blend ﬂp[iunsi Advanced I

— Petroleum property blending parameters

Froperty Blend Blend option| Estrapolate
rmethod
p | SULFUR b a2z
*

Close the Data Browser window.

Adding the Sulfur Property

In order to include in the report the sulfur property you just defined, create a
property set.

To Create the Property Set

1
2

U AW

From the Aspen Plus menu bar, select Data | Properties.

From the Properties folder, double-click the Prop-Sets folder.

The Prop-Sets object manager appears.

Click New.

In the Create new ID dialog box, click OK to accept the default ID PS-1.
Click Search.

In the Search Physical Properties dialog box, enter Sulfur in the first
field and click Search.

A list now appears in step 2 of the dialog box.
From the list of physical property names, select Sulfur content.
Click Add.
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Sulfur content now appears under the third section.

Search Physical Properties

1 Type physical property you want ta find and then click Search
ISquur Search |

[ Search pure components only

2 Click one ar more properties you want, and then click Add.

Phuzizal properhy name | Aliaz |:|

t azz fraction of sulfur atoms MASSFRS

tole How of sulfur atoms MOLEFLS

tole fraction of sulfur atoms MOLEFRS

Sulfur content SULFURA

Sulfur content curve SULFCRY ll A
3 Click OK to accept the selection.

Phyzical property name | Aliaz |

Sulfur content SULFUR

Hemowve

d

Cancel Help |

9 Click OK.

SULFUR now appears as a selected physical property on the Prop-Set
Properties sheet:

' Properties| Qualifiers |

— Properties
Phyzical properties itz

SULFUR

o

Subsgtrean: I FI<ED hd I Search

10 Select the Qualifiers sheet.

11 In the Water basis field, click EI and select Dry.
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The Prop-Sets PS-1 sheet is now complete:

o Propertie: ' Qualifiers

— Rualifiers of selected properties

Companent ;I
2nd liguid key component

Temperature [+ Spstem —I

Prezsure v Supstem
%= Digtilled

ater bazis Dy

= =

Boiling point range; {u]

B aze boiling point range: ko

12 Close the Data Browser window.

To Add the Property Set to the Stream
Property List

From the Aspen Plus menu bar, select Data | Setup.

From the Setup folder, select the Report Options form and then select
the Stream sheet.

3 Click Property Sets.
The Property Sets dialog box appears.

4 From the Available Property Sets column, select PS-1 and click to
move it to the Selected Property Sets column.
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I Property Sets Ed

— Property setz
—Axvailable property sets— — Selected property setz——
H=DESIGM - FETRO
KINWISC _I

Property 2et 1D, ze List to ligt exizting |Dz; or enter a new (D

5 Click Close.
The Setup Report Options sheet is now complete.

6 Close the Data Browser window.

7 Click IE'

The Required Input Complete dialog box appears.

Running the Simulation

1 In the Required Input Complete dialog box, click OK.
The Control Panel appears.

As the run proceeds, status messages appear in the Control Panel. It
takes several seconds for Aspen Plus to process input specifications and
perform the simulation. When the calculations finish, the message Results
Available in the status bar at the bottom of the main window.

2 Use the vertical scrollbar to see the messages.

3 When the Results Available message appears in the toolbar, click at
the top right corner of the Control Panel to close it.

Examining Results

Review the stream results for the crude tower products.

1 Click .

The Results Summary | Run-Status form appears and indicates that
the calculations were completed normally.
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In the Data Browser, click .

The Results Summary | Streams | Material sheet appears.

In the first column heading, click EI and select HNAPHTHA.

In the next four columns, click EI and select KEROSENE, DIESEL, AGO,
and RED-CRD.

Use the vertical scrollbar to locate SULFUR percent.

The Results Summary | Streams | Material sheet displays sulfur

content:
Material | Heat | Load | ik | ol % Curves | k. % Clrves | Petro) Curves | Pl Curves |
Display: I Streams d Format: I FETRO_E j MI
[rrerrTrz]([keroseneT]|[oEseL Tl[[ec0 [=l|[FE0cRD =]

50 % 30.8 4356 547 6 BB7.3 837.0 ;I
70 % 3253 4495 B748 7116 10608

90 * 3534 4721 E1E.3 7464 1284.3

95 X 3750 452.3 E40.0 7783 1362.2

100 4 3966 512.4 BE3.7¥ g12.2 1440.2

D1160 Curve F

1] 4 -86.5 137.8 1911 216.9 365.0

5 4 0.7 162.4 2333 3441 435.3

10 * 267 171.3 2494 /87 465.3

30 X 75.1 153.0 280.7 408.2 5415

50 % 96.6 207.5 3041 4327 E50.3

70 4 124.2 2252 3371 463.5 8126

S0 % 154.1 250.8 3805 502.3 1075.2

95 % 167.6 2599 398.3 516.3 1181.8

100 4 1919 286.8 4244 5EE.4 1284.8
SULFUR percent 0.303 1.484 2225 2927 4.057 zl

KTl o

As expected, the sulfur content of the heavier products, such as RED-CRD,
is higher than the sulfur content for the lighter products, such as
HNAPHTHA. By following the same procedure described in this simulation,
incorporate other petroleum stream properties into your model and track
their distribution throughout the flowsheet.

Leaving Aspen Plus

1

From the Aspen Plus menu bar, select File | Exit.

The Aspen Plus dialog box appears.

Click Yes to save the simulation.

The Aspen Plus dialog box appears and offers you the opportunity to
save the simulation as an Aspen Plus Document file.

Click No.
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6 Connecting to the Aspen

Plus Simulation En

If either of the following conditions exist, you will be prompted to specify the
host computer for the Aspen Plus simulation engine after you start the Aspen
Plus User Interface:

e The simulation engine is not installed on your PC.
¢ The simulation engine is installed on your PC, but the Activator security
device is not connected to your PC.

In these cases, the Connect to Engine dialog box appears.

1 In the Server type field, click EI and select the type of host computer
for the simulation engine.

2 If you choose Local PC as the server for the simulation engine, you do not
need to enter any more information into the dialog box. Click OK to
continue.

If you choose Windows 2000 or XP server as the server for the simulation
engine, specify additional options.

3 In the Node name field, enter the name of the computer on which the
Aspen Plus simulation engine will execute.

4 In the other fields, enter the following information:

User name Your user name for the specified host/server.
Password Your password for the above user name.
Working The associated working directory.
directory

5 Click OK.

When the network connection is established, the message Connection
Established appears in the message box.

@ Note: If the Connection Established message does not appear, see
your Aspen Plus system administrator for more information on
network protocols and host computers for the Aspen Plus simulation
engine.
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